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Abstract: Environmental innovation is widely recognized as a key driver of sustainability, reducing 
greenhouse gas emissions and enhancing resource efficiency. However, the mechanisms through 
which it contributes to green low-carbon transitions remain underexplored, particularly in the context 
of varying regulatory environments. This study examines the relationship between environmental 
innovation and green low-carbon transitions, focusing on the moderating role of green regulatory 
pressure. Using panel data from 277  prefecture-level cities in  China between 2012 and 2021, 
the  analysis reveals that environmental innovation significantly advances green low-carbon 
transitions, demonstrating its transformative potential in driving sustainable economic development. 
However, green regulatory pressure negatively moderates this relationship, diminishing the positive 
effects of  environmental innovation. These findings underscore the  dual-edged nature of  green 
regulatory pressure, highlighting how excessive regulatory intensity can constrain innovation 
effectiveness. By  providing a  comprehensive analysis of  the  interaction between environmental 
innovation and regulation, this study offers actionable insights for optimizing environmental policies 
and addresses critical research gaps, particularly in the context of emerging economies.
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Introduction
The transition to a green low-carbon economy 
has become a  global imperative in  response 
to  mounting environmental challenges and 
the urgency of mitigating climate change. Cen-
tral to  this transition is  the  adoption of  green 
low-carbon transitions (GLT), which requires 
systemic changes in  industrial practices, en-
ergy use, and production processes (Wang 
et  al., 2017). Environmental innovation  (EI), 
encompassing technological advancements 

and process improvements aimed at  reducing 
environmental harm, has been increasingly 
recognized as  a  critical mechanism in  driving 
this transformation (Xu,  2024). By  reducing 
greenhouse gas emissions, enhancing energy 
efficiency, and fostering cleaner production 
processes, EI enables firms to align with sus-
tainability goals while maintaining competitive 
advantage (Anu et  al., 2022). However, de-
spite extensive acknowledgment of  EI’s piv-
otal role in  achieving green and sustainable 
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development, the  mechanisms through which 
it contributes to broader low-carbon transitions 
remain underexplored, leaving notable gaps 
in understanding its systemic impact.

Building on EI’s recognized benefits, exist-
ing research has primarily examined its role 
in  specific contexts, highlighting its diverse 
contributions to  sustainability. For  example, 
studies have documented the  role of EI in  re-
ducing carbon emissions (Albitar et al., 2022), 
improving resource efficiency (Aftab et  al., 
2022), and fostering cleaner production prac-
tices (Mora-Contreras et al., 2023). Additionally, 
broader investigations into technological inno-
vation have emphasized its transformative role 
in facilitating systemic shifts toward low-carbon 
economies (Yang et  al., 2023). While these 
studies underscore the  environmental and 
operational advantages of EI, they often focus 
on  immediate or  localized outcomes rather 
than its long-term impact on GLT. Furthermore, 
much of  this research is  concentrated in  de-
veloped economies, with limited exploration 
of emerging markets like China, where unique 
challenges such as  rapid industrialization and 
diverse regulatory frameworks offer opportuni-
ties for deeper insights. This gap underscores 
the need for more nuanced investigations into 
how EI  drives  GLT  across varying economic 
and regulatory contexts.

To address these gaps, this study examines 
how EI influences GLT and explores the moder-
ating role of green regulatory pressure (GRP), 
a critical external factor shaping the regulatory 
environment for innovation. GRP  has the  po-
tential to  enhance sustainability outcomes 
by  incentivizing firms through compliance 
mechanisms, but it may also impose costs and 
constraints that limit the effective implementa-
tion of  innovative solutions (Xu  et  al., 2022; 
Yu et al., 2023). China presents an ideal context 
for this analysis due to its rapid industrialization, 
ambitious environmental goals, and diverse 
regulatory landscapes. As the largest develop-
ing economy and the  world’s leading emitter 
of  greenhouse gases, China faces the  dual 
challenge of  sustaining economic growth 
while addressing environmental degradation. 
Its  dual-carbon targets (peaking carbon emis-
sions by 2030 and achieving carbon neutrality 
by 2060) demonstrate an unwavering commit-
ment to  green transformation. Furthermore, 
China’s decentralized governance structure cre-
ates significant regional variations in regulatory 

intensity, offering a  natural case to  examine 
how GRP moderates the EI-GLT relationship.

Using panel data from 277 prefecture-level 
cities in China over the period 2012–2021, this 
study investigates the  relationship between EI 
and  GLT. The  findings reveal that EI  signifi-
cantly promotes GLT, underscoring its transfor-
mative role in advancing low-carbon transitions. 
However, GRP  negatively moderates this 
relationship, reducing the  positive impact 
of  EI on  GLT. These results provide nuanced 
insights into how environmental technological 
innovation and regulation interact in  shaping 
sustainable development and highlight the  im-
portance of  contextual factors in  determining 
policy effectiveness.

This study contributes to the  literature and 
policy discussions in several ways. First, it ex-
pands the  theoretical understanding of  how 
EI  drives  GLT by  elucidating the  mechanisms 
linking innovation to sustainable development. 
Second, the  research integrates  EI and  GRP 
into a  unified analytical framework, offering 
a comprehensive view of how external regula-
tory environments influence the  effectiveness 
of  innovation in  sustainability outcomes. 
Third, the  findings provide actionable policy 
recommendations for balancing GRP  intensity 
to maximize its positive effects on EI while mini-
mizing unintended constraints, thereby inform-
ing the design of more effective environmental 
policies.

The  remainder of  this paper is  organized 
as  follows. Section  1 outlines the  theoretical 
underpinnings and develops the  research hy-
potheses. Section  2 details the  data sources 
and empirical methodology used to  analyze 
the  relationships among the  key variables. 
Section  3 presents the  empirical results and 
robustness checks. The last section concludes 
by  summarizing the  key findings, discussing 
their implications, and proposing policy recom-
mendations and avenues for future research.

1	 Theoretical foundations 
and hypotheses

1.1	 Environmental innovation and green 
low-carbon transition

The  transition toward green low-carbon 
economies has increasingly been driven by 
the strategic adoption of EI. From the perspec-
tive of  resource-based theory (RBT), firms’ 
ability to  navigate this transition is  rooted 
in the development and deployment of unique, 
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valuable, and inimitable resources that align 
with sustainability goals (Gargallo et  al., 
2024).  EI,  which encompasses technological 
advancements, cleaner production processes, 
and energy-efficient technologies, consti-
tutes a  critical resource for achieving a green 
low-carbon transition (Jie et al., 2023). By inte-
grating these innovations, firms can simultane-
ously reduce environmental harm and enhance 
operational efficiency, establishing a  competi-
tive edge in increasingly eco-conscious markets.

While RBT highlights the intrinsic value of EI 
as  a  firm-level resource, innovation adoption 
frameworks emphasize the dynamic role of in-
novation in  enabling systemic transformations 
(Cannavacciuolo et al., 2023; Pu, 2025). Zhao 
et al. (2024) posit that EI  facilitates a  “double 
dividend,” achieving dual objectives of environ-
mental sustainability and economic efficiency. 
This perspective aligns with Schumpeterian 
views of  creative destruction, where innova-
tion serves as a mechanism for disrupting en-
trenched practices and paving the way for more 
sustainable production systems (e.g.,  Khan 
et al., 2023; Lile et al., 2024). Thus, EI is not only 
firm-specific resources but also  transformative 
agents that reshape industry practices, reduce 
carbon emissions, and accelerate the  global 
shift toward low-carbon economies.

These theoretical perspectives converge 
to  underscore the  pivotal role of  EI in  driv-
ing  GLT. On  the  one hand, RBT  positions  EI 
as  a  resource that enables firms to  leverage 
environmental capabilities for competitive 
advantage. On  the  other hand, innovation 
adoption theories highlight its systemic im-
pact, demonstrating that widespread adoption 
of  green innovations can catalyze broader 
economic and environmental transitions. Em-
pirical studies provide robust support for these 
claims. Xu  et  al. (2021) find that firms invest-
ing in  EI achieve substantial reductions 
in greenhouse gas emissions while enhancing 
resource efficiency. Similarly, Li  et  al. (2024) 
demonstrate that eco-innovations contribute 
significantly to firms’ environmental and opera-
tional performance, positioning them as leaders 
in the low-carbon transition. 

While RBT  focuses on the  development 
of internal capabilities that enable firms to pursue 
sustainability-oriented strategies, it does not fully 
account for the external institutional contexts that 
shape how these capabilities are activated and 
leveraged. In  contrast, institutional theory (IT) 

emphasizes the role of formal rules, regulatory 
structures, and normative expectations in  in-
fluencing organizational behavior, particularly 
under conditions of environmental scrutiny and 
societal pressure. By integrating these perspec-
tives, we  view  EI as  a  firm-specific strategic 
resource (as  per  RBT), whose effectiveness 
is  contingent upon the  external regulatory 
environment (as  per  IT). This integration al-
lows for a more comprehensive understanding 
of how internal resources interact with external 
constraints to  influence  GLT. It  thus provides 
a  robust theoretical foundation for expecting 
a  positive relationship between  EI and  GLT, 
as formally stated in the following hypothesis:

H1: EI has a positive and significant impact 
on GLT.

1.2	 The moderating role of green 
regulatory pressure

While EI serves as a catalyst for GLT, the role 
of external regulatory forces (specifically GRP) 
introduces complexities that can either amplify 
or dampen this relationship. IT provides a use-
ful lens to  understand this dynamic. Coercive 
institutional pressures, such as stringent envi-
ronmental regulations, compel firms to  adopt 
sustainable practices to comply with legal and 
societal expectations (Burdon & Sorour, 2018). 
However, the  effects of  such  pressures are 
contingent upon their design, intensity, and 
the regulatory environment’s overall flexibility.

The  “Porter hypothesis” offers nuanced 
insights into  the  role of  environmental regula-
tions. Porter and Linde (1995) argue that 
well-designed regulations can stimulate innova-
tion and improve firm competitiveness by  en-
couraging the development of resource-efficient 
technologies. However, this hypothesis also ac-
knowledges that excessive or poorly structured 
regulations may lead to compliance burdens that 
inhibit innovation (Ambec et al., 2013). For ex-
ample, stringent regulatory requirements may 
divert resources away from innovation activities, 
while frequent policy changes can create uncer-
tainty, deterring firms from long-term investments 
in EI (York & Venkataraman, 2010).

Empirical studies provide mixed evidence 
on the moderating effects of GRP. Wang et al. 
(2022) show that moderate regulatory pressure 
enhances firms’ green innovation performance, 
yet excessive pressure can lead to  diminish-
ing returns by  constraining firms’ operational 
flexibility and increasing compliance costs. 
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Similarly, Forés (2024) finds that while GRP 
incentivizes firms to  adopt green practices, 
it may negatively interact with innovation efforts 
in resource-intensive industries, where compli-
ance costs are particularly high.

The  shift in  GRP’s role (from enabling 
to constraining) is dependent on a range of con-
textual factors. When regulatory frameworks are 
transparent, stable, and aligned with firms’ stra-
tegic objectives, they can enhance innovation 
by  reducing uncertainty and legitimizing green 
investment. Conversely, when regulations are 
overly rigid, inconsistently applied, or  lack sup-
porting mechanisms such as financial incentives 
or  technical guidance, they may produce unin-
tended consequences. Under such  conditions, 
firms may redirect resources toward short-term 
compliance rather than long-term innovation, 
especially if  they operate in  highly regulated 
or capital-intensive industries. This contingency 
reflects the expanded interpretation of the Por-
ter hypothesis and aligns with  IT’s  recognition 
that institutional pressures may have both facili-
tating and inhibiting effects.

In the context of GLT, GRP  is  likely to act 
as  a  double-edged sword. While regulatory 
frameworks are essential for creating incen-
tives for  EI, overly stringent regulations may 
reduce firms’ ability to translate innovation into 
measurable green outcomes. This occurs be-
cause excessive regulatory intensity can shift 
managerial focus toward meeting compliance 
requirements rather than implementing and op-
timizing innovative solutions. Thus, we propose 
the following hypothesis:

H2: GRP moderates the  relationship be-
tween EI and GLT.

2	 Research methodology 
2.1	 Data source and processing
The  data used in  this study spans the  period 
from 2012 to 2021 and focuses on 277 prefec-
ture-level cities in China. The sample focuses 
on  prefecture-level cities because they serve 
as critical hubs of population density, industrial 
activity, and environmental governance. These 
cities play a pivotal role in balancing economic 
growth with environmental sustainability, mak-
ing them ideal units for evaluating the  effec-
tiveness of EI and the moderating role of GRP 
in  promoting  GLT. The  diversity in  regulatory 
intensity and industrial composition across cit-
ies offers a robust empirical setting to examine 
the interplay between innovation and regulation.

The  dataset integrates information from 
multiple authoritative sources, including 
the China Urban Statistical Yearbook, the Chi-
na Provincial Statistical Yearbook, and regional 
government work reports. The statistical year-
books provide detailed data on socio-economic 
indicators, energy consumption, and industrial 
output. Local government work reports, which 
offer qualitative insights into environmental poli-
cies and governance strategies, were manually 
collected from official municipal websites and 
online archives. Regions with missing or incon-
sistent data across key variables were excluded 
from the final sample to ensure the integrity and 
reliability of the analysis.

2.2	 Variables construction
(I) Dependent variable. Following the research 
of Feng and Ge (2024), GLT is conceptualized 
in  this study as a multidimensional framework 
encompassing four core aspects: carbon emis-
sion reduction (CER), pollutants emission re-
duction (PER), energy saving efficiency (ESE), 
and transformation performance as measured 
by  green low-carbon total factor productivity 
(GTFP). The first three dimensions (CER, PER, 
and  ESE) reflect the  effectiveness of  green 
low-carbon initiatives in mitigating environmen-
tal impacts, while GTFP evaluates the  overall 
transformation benefits. To ensure consistency 
in  measurement CO2  emissions and energy 
emissions have been logarithmized. Com-
prehensive pollutant emissions are quantified 
by aggregating industrial wastewater, industrial 
soot, and sulfur dioxide (SO2) emissions using 
the entropy weighting method, thereby provid-
ing a more balanced representation of various 
pollutants.

Additionally, we employ an advanced data 
envelopment analysis-slack based measure 
(DEA-SBM) model, combined with the  global 
Malmquist-Luenberger (GML) index, to  quan-
tify GLT across Chinese cities. The DEA-SBM 
model incorporates the non-angular, non-radial 
directional distance function (DDF) proposed 
by Zhou et al. (2012), enabling a more nuanced 
evaluation of  urban efficiency by  explicitly ac-
counting for both desired and undesired outputs. 
Desired outputs include gross domestic product 
(GDP), whereas undesired outputs encompass 
emissions such as  industrial wastewater, in-
dustrial soot, SO2, and  CO2. CO2  emissions 
are estimated based on  energy consumption 
data obtained from the China Energy Statistical 
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Yearbook, which includes natural gas, liquefied 
petroleum gas, electricity, and heat energy. 
These data are combined with officially an-
nounced emission factors to  estimate carbon 
emissions at  the  city level (Wu  et  al., 2016). 
Input indicators for  GLT consist of  capital, 
labor, and energy. Labor input is  quantified 
as the number of employees at  the prefecture 
level, while energy input is represented by total 
electricity consumption. By  integrating these 
input factors, desired outputs, and undesired 
outputs, the  DEA-SBM model, in  conjunction 
with the GML index, provides a comprehensive 
metric for assessing GLT. 

(II) Independent variable. The  primary 
independent variable in  this study is  EI. 
EI  refers to  the  development and application 
of new or significantly improved products, pro-
cesses, and systems aimed at minimizing en-
vironmental impacts and fostering sustainable 
development. Unlike traditional technological 
innovation, which often neglects ecological 
consequences, EI directly targets sustainability 
through advancements in  resource efficiency, 
pollution prevention, and emission reduction, 
playing a crucial role in the transition to a green, 
low-carbon economy (Owen et al., 2018). This 
concept includes innovations in  renewable 
energy, energy efficiency, pollution control, 
and sustainable production methods, all 
of  which contribute significantly to  environ-
mental improvement. Following the  method 
of Töbelmann and Wendler (2019), this study 
quantifies  EI by  using the  number of  green 
patents issued per  10,000  people, obtained 
from the  CNRDS  Database. Green patents 
are a key indicator of environmentally directed 
technological progress, capturing the  scale 
and impact of  innovation efforts in  achieving 
sustainability goals. 

(III) Moderating variable. The  moderating 
variable in  this study is  GRP. GRP  reflects 
the  extent to  which government interventions 
(including policy regulations, environmental 
standards, and incentive mechanisms) guide 
and constrain economic actors towards sustain-
able development goals. Unlike traditional con-
ceptualizations of government green attention, 
GRP emphasizes not only the government’s fo-
cus on ecological issues but also the pathways 
through which regulatory mechanisms are en-
forced and transmitted. This regulatory dimen-
sion encapsulates the  diverse tools used by 
the government to ensure adherence to green 

practices across multiple administrative levels, 
representing a crucial moderator of green tech-
nological innovation and its subsequent impact 
on low-carbon transitions.

To quantitatively assess GRP, this study 
employed a  text-mining approach on  govern-
ment policy documents and annual work reports 
from 2012 to 2021 across 277 prefecture-level 
cities in China. By analyzing policy texts, we ex-
tracted and categorized key terms represent-
ing green regulatory initiatives under four 
thematic dimensions: environmental regulation 
mechanism, green governance, low-carbon 
economy, and resource utilization and ecologi-
cal protection.

Utilizing a neural network-based Word2Vec 
model, we  expanded the  initial seed list 
of  green-related keywords to  include seman-
tically related terms, thereby ensuring the 
comprehensiveness of  the  green regulatory 
lexicon. Python tools such as Jieba and Gen-
sim were employed to  tokenize the  texts and 
build the  language models. Both continuous 
bag-of-words (CBOW) and skip-gram methods 
were applied to  identify hidden relationships 
among terms and enrich the vocabulary beyond 
initial boundaries.

For  each city-year, the  total frequency 
of  green regulation-related keywords was 
calculated across all policy documents. These 
frequencies were then log-transformed using 
the formula ln (keyword frequency + 1) to con-
struct a standardized GRP index. All keywords 
were assigned equal weight in  constructing 
the  GRP  index. This decision was made 
to  avoid introducing subjective judgments 
regarding the  relative importance or  regula-
tory strength of  specific terms, and to  ensure 
consistency and comparability across cities 
and over time. We acknowledge that certain ex-
pressions (such as those indicating quantifiable 
policy targets or binding financial commitments) 
may reflect stronger regulatory intent than gen-
eral recommendations. However, the  purpose 
of the GRP variable is to capture the overall sa-
lience of green regulatory discourse rather than 
assess the  enforceability of  individual state-
ments. A  detailed breakdown of  the  keyword 
categories and their thematic classifications 
is provided in Tab. 1.

(IV) Control variables. Following prior stud-
ies (e.g., Baran et al., 2020; Feng & Ge, 2024; 
Luo et al., 2022), several control variables are 
incorporated into  the  analysis to  account for 
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potential confounding factors that may influ-
ence the  relationship between  EI and  GLT. 
Financial support (FS) is measured as  the  ra-
tio of  loans disbursed by  financial institutions 
to  year-end  GDP, reflecting the  availability 
of  credit and overall financial capacity with-
in the region. This variable captures the extent 
to  which financial resources can drive invest-
ment in  innovation and low-carbon projects. 
Mining employment share (MES), defined 
as the percentage of total employees in the mi-
ning industry, serves as a proxy for the region’s 
reliance on  resource-intensive economic 
activities. This variable reflects the  structural 
characteristics of  the economy, which may af-
fect the  feasibility and speed of  transitioning 
toward a  low-carbon model. Urbanization 
level (UL) is measured as the ratio of the urban 
population to  the  total population, represent-
ing the degree of urbanization within a region. 
Higher levels of urbanization are often associ-
ated with increased resource efficiency and 
innovation diffusion, which can influence the ef-
fectiveness of environmental policies. Govern-
ment intervention (GI), expressed as  the  ratio 
of fiscal spending to GDP, provides a measure 
of  the  government’s involvement in  economic 
activities. Greater fiscal spending can indicate 
proactive public-sector support for low-carbon 
initiatives, but it may also introduce distortions 
that affect market-driven innovation. Popula-
tion density (PD), calculated as  the proportion 
of  the  regional population to  the  total land 
area, reflects the  intensity of  human activity 

within a region. Higher population density is of-
ten linked to  greater environmental pressures 
but can also  enhance the  diffusion of  innova-
tive practices due to  economies of  scale and 
network effects. These control variables offer 
a  comprehensive framework to  account for 
external influences that could confound the em-
pirical analysis, ensuring robust estimation 
of the relationship between EI, GRP, and GLT.

2.3	 Model specification
To examine the  impact of  EI on  GLT and 
the  moderating role of  GRP, we  constructed 
the  following panel data fixed-effects ordinary 
least squares models:

�GLTi,t = α0 + α1 EIi,t + α2Controlsi,t + 
+ α3Yeari,t + α4Cityi,t + ε	

(1)

�GLTi,t = α0 + α1 EIi,t + α2GRPi,t + 
+ α3EIi,t * GRPi,t + α4Controlsi,t + 
+ α5Yeari,t + α6Cityi,t + ε	

(2)

where: α0 – the intercept, while α1 − α6 – the co-
efficients to be estimated; the term ε – the er-
ror term; the  subscript  i  –  the  cross-sectional 
dimension of cities; t –  the  time-series dimen-
sion. The interaction term EIi,t * GRPi,t captures 
the moderating effect of green regulatory pres-
sure on the relationship between environmental 
innovation and green low-carbon transition. 
Controls include a  set of  control variables 
as previously described, accounting for potential 
confounding factors that could influence  GLT. 

Dimension Keywords
Environmental 

regulation 
mechanism

Environmental regulation, green governance, energy conservation and 
emission reduction, industrial water saving, emission standards, regulatory 
policies, carbon trading mechanism, compliance enforcement

Green governance
Green governance, green economy, ecological civilization, eco-city, circular 
economy, green manufacturing, policy incentives, regulatory framework, 
ecological audits

Low-carbon 
economy

Low-carbon economy, energy reduction, high energy consumption, 
green innovation, renewable energy targets, emission reduction targets, 
decarbonization policies

Resource utilization 
and ecological 

protection

Water-saving irrigation, agricultural non-point source pollution control, forest 
restoration, water source conservation, afforestation, waste management, 
green mountains and rivers, forest preservation, resource conservation 
policies

Source: own

Tab. 1: Keywords of green regulatory pressure
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Furthermore, we incorporated city-specific fixed 
effects to  account for unobservable heteroge-
neity across cities, such as geographic or cul-
tural factors that are constant over time but may 
affect the GLT. Similarly, year fixed effects were 
included to control for macroeconomic trends, 
policy changes, or  external shocks that could 
simultaneously affect all cities, ensuring that 
the temporal variation in GLT is not spuriously 
attributed to EI or GRP.

3	 Empirical results
3.1	 Descriptive statistics
Tab.  2 presents the  descriptive statistics for 
the key variables used in the analysis, providing 
an overview of  their distribution and variability 
across the sample of 2,770 observations.

The  dependent variable,  GLT, exhibits 
a mean value of 0.855 with a standard deviation 
of 0.261, indicating moderate variability among 
regions. The  range of  GLT spans from  0.320 
to  1.683, reflecting substantial differences 
in  the  extent of  low-carbon transitions across 
prefecture-level cities.

The independent variable, EI, has an aver-
age value of  0.108 with a  standard deviation 
of 0.187, suggesting considerable heterogene-
ity in the adoption of environmentally innovative 
practices. The  minimum value is  0.000, while 
the  maximum reaches  0.922, highlighting dis-
parities in EI intensity across cities.

The  moderating variable,  GRP, displays 
a  mean of  6.056 and a  standard deviation 

of  3.558. The  range from  0.000 to  16.000 
indicates substantial variation in  the  intensity 
of  regulatory efforts among regions, capturing 
diverse regulatory environments. 

Among the control variables, FS has a mean 
of 0.941, indicating variations in the availability 
of credit, with a range of 0.368 to 2.702. MES av-
erages  0.049, reflecting regional dependence 
on resource-based industries, while UL shows 
significant diversity, with a  mean of  53.657 
and values ranging from  27.350 to  88.820. 
GI, measured as fiscal spending to GDP, aver-
ages  0.182, highlighting differences in  public 
sector involvement, and  PD, with a  mean 
of  0.045, captures demographic disparities 
across regions. These variables provide critical 
context for understanding the economic, indus-
trial, and demographic factors influencing green 
low-carbon transition.

3.2	 Correlation and variance inflation 
factor analysis

Tab. 3 reports the  results of  the Pearson cor-
relation analysis, highlighting significant rela-
tionships among the  key variables of  interest. 
EI shows a positive and significant correlation 
with GLT (r = 0.214, p < 0.01), indicating that 
higher levels of EI are associated with greater 
advancements in  low-carbon transitions. Con-
versely, GRP exhibits a weak negative correla-
tion with GLT (r = −0.055, p < 0.01), suggesting 
that increased regulatory pressure may slightly 
hinder the  progress of  low-carbon transitions. 

Variable Obs Mean Std. dev. Min Max
GLT 2,770 0.855 0.261 0.320 1.683

EI 2,770 0.108 0.187 0.000 0.922

GRP 2,770 6.056 3.558 0.000 16.000

FS 2,770 0.941 0.508 0.368 2.702

MES 2,770 0.049 0.081 0.000 0.333

UL 2,770 53.657 14.418 27.350 88.820

GI 2,770 0.182 0.090 0.035 0.458

PD 2,770 0.045 0.038 0.003 0.196

Note: GLT – green low-carbon transition; EI – environmental innovation; GRP – green regulatory pressure; FS – finan-
cial support; MES – mining employment share; UL – urbanization level; GI – government intervention; PD – population 
density.

Source: own

Tab. 2: Descriptive statistics of main variables
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findings suggest that cities undergoing  EI 
exhibit higher levels of GLT compared to cities 
that have not engaged in EI.

3.4	 Multivariate results
Tab.  5 reports the  baseline regression results 
examining the relationship between EI and GLT. 
The models progressively incorporate fixed ef-
fects and control variables to provide a compre-
hensive analysis of the factors influencing GLT. 
Robust standard errors are clustered at the city 

level to  account for heteroskedasticity and 
within-group correlation.

Across all specifications in Tab. 5, EI con-
sistently demonstrates a positive and significant 
impact on  GLT, highlighting its critical role 
as  a  driver of  sustainability. In  Column  (1), 
the  simplest specification with  EI as  the  sole 
independent variable, the  coefficient for  EI 
is  positive and highly significant (α1  =  0.300, 
p  <  0.01), indicating a  strong direct associa-
tion between EI and GLT. When year and city 

However, the  ultimate nature of  these rela-
tionships requires further validation through 
regression analysis.

The  variance inflation factor (VIF) values 
for  EI (2.15) and GRP (1.03) are well below 
the commonly accepted threshold of 10, indicat-
ing no multicollinearity concerns between these 
variables. These results validate the  inclusion 
of  EI and GRP in  the  regression models and 
provide a  clear foundation for exploring their 
respective impacts on  GLT in  the  subsequent 
analysis.

3.3	 Univariate analysis
Tab. 4 presents the univariate analysis compar-
ing GLT between cities with and without sig-
nificant EI. Cities with EI (dummy EI = 1) exhibit 
a higher mean GLT value of 0.860, compared 
to 0.760 for cities without EI (dummy EI = 0). 
The  difference in  means is  statistically signifi-
cant (t = 0.070, p < 0.01), indicating that cities 
engaging in  EI demonstrate greater advance-
ments in GLT. Additionally, the positive sloping 
linear regression line in Fig. 1 indicates a posi-
tive correlation between  EI and  GLT. These 

GLT EI GRP FS MES UL GI PD VIF

GLT 1.000

EI 0.214*** 1.000 2.15

GRP −0.055*** −0.035* 1.000 1.03

FS 0.150*** 0.519*** −0.072*** 1.000 1.67

MES 0.014 −0.199*** −0.037* −0.146*** 1.000 1.09

UL 0.149*** 0.601*** −0.064*** 0.455*** −0.048** 1.000 1.90

GI −0.148*** −0.214*** −0.117*** 0.149*** 0.019 −0.256*** 1.000 1.34

PD 0.154*** 0.554*** 0.007 0.208*** −0.203*** 0.515*** −0.381*** 1.000 1.77

Note: * p < 0.1; ** p < 0.05; *** p < 0.01.
Source: own

Variable
Dummy (EI) = 1 Dummy (EI) = 0 Differences 

T-valueN Mean N Mean
GLT 2,574 0.860 196 0.790 0.070***

Note: *** denotes statistical significance at the 1% level.
Source: own

Tab. 3: Pearson correlation and variance inflation factor analysis

Tab. 4: Univariate analysis
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fixed effects are added in Column (2), the co-
efficient for EI remains positive and significant 
(α1 = 0.153, p < 0.05), though its magnitude de-
creases, suggesting that part of  the observed 
variation is  attributable to  broader temporal 
and spatial factors. In  Column  (3), which in-
troduces control variables such as  FS,  MES, 
UL, GI, and PD, the coefficient for EI remains 
robustly significant (α1 = 0.202, p < 0.01), un-
derscoring the persistent impact of EI on GLT 
even after accounting for potential confound-
ers. Finally, in the fully specified model in Col-
umn (4), which includes both fixed effects and 
control variables, the coefficient for EI remains 
positive and significant (α1 = 0.147, p < 0.01), 
reinforcing the  robustness of  its effect. These 
results provide strong evidence that EI  plays 
a  transformative role in  advancing  GLT, even 
under varying model specifications and af-
ter controlling for economic, industrial, and 
governance-related factors.

Overall, the findings strongly affirm the piv-
otal role of  EI in  driving green  GLT, aligning 
with prior studies that emphasize its effective-
ness in reducing carbon emissions, enhancing 
resource efficiency, and fostering sustainability 

(e.g., Khan et al., 2023; Wang et al., 2022; Wu 
et  al., 2016). These studies underscore how 
technological advancements and process 
improvements enable firms to  align economic 
objectives with environmental imperatives, thus 
paving pathways for sustainable economic 
growth. Consistent with this body of work, our re-
sults highlight the transformative potential of EI, 
demonstrating its capacity to facilitate systemic 
shifts in  industrial practices, energy utilization, 
and production processes that are critical for 
achieving low-carbon objectives. However, 
what differentiates this analysis from existing 
literature is  its contextual focus on  emerging 
markets, particularly China’s distinctive indus-
trial and regulatory environment. Most previous 
research, concentrated in  developed econo-
mies, emphasizes the  direct environmental 
benefits of  innovation while often overlooking 
the unique challenges and opportunities arising 
in rapidly industrializing economies (e.g., Can-
navacciuolo et al., 2023; Ghisellini et al., 2015; 
Pu  &  Zulkafli, 2024). China, as  the  world’s 
largest developing economy, presents an  in-
tricate balance of  ambitious sustainability 
goals and diverse regional dynamics, offering 

Fig. 1: The linear fit of EI and GLT

Note: Due to the large number of observations involved in the linear fitting of the sample, this study divides GLT into 
50 equally sized groups for analysis in Fig. 1. 

Source: own
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a fertile ground for examining how EI operates 
under varying regulatory and economic condi-
tions. This contextual nuance resonates with 
RBT and IT, providing a dual lens to understand 
how EI  functions both as a strategic resource 
that enhances firms’ competitive advantage 
and as  a  mechanism influenced by  external 
institutional pressures.

3.5	 Endogeneity test
To address potential endogeneity concerns 
and ensure the  robustness of  our findings, 
we  employ four complementary approaches: 
the  Driscoll-Kraay fixed effects (DK-FE) tech-
nique, a  two-step system GMM  estimator, 
a  lagged dependent variable (DV) approach, 
and quantile regressions. These methods are 
designed to  mitigate potential biases aris-
ing from simultaneity, omitted variables, and 
cross-sectional dependence.

(I) Driscoll-Kraay fixed effects (DK-FE). 
The  DK-FE  method adjusts for heterosce-
dasticity, autocorrelation, and cross-sectional 
dependence, issues commonly encountered 
in  panel data with large cross-sectional di-
mensions. As  shown in Column  (1) of Tab. 6, 
the estimated coefficient for EI remains positive 
and statistically significant (coefficient = 0.227, 
p  <  0.01), confirming the  robustness of  the 
baseline results under this specification.

(II) Two-step system generalized method 
of  moments (GMM). To  address simultaneity 
bias and unobserved firm-level heterogeneity, 
we utilize the two-step system GMM estimator. 
This method leverages lagged variables as in-
struments, ensuring consistent and efficient 
parameter estimation. Column (2) indicates that 
EI retains a significant and positive effect on GLT 
(coefficient  =  0.261, p  <  0.05). The  Hansen 
J-statistic further validates the appropriateness 

Variable
(1) (2) (3) (4)

GLT GLT GLT GLT

EI
0.300*** 0.153*** 0.202*** 0.147***

(0.026) (0.039) (0.040) (0.041)

FS
−0.001 −0.004**
(0.001) (0.002)

MES
−0.384*** 0.278**
(0.070) (0.115)

UL
0.059*** 0.055***

(0.015) (0.019)

GI
0.223 0.553

(0.164) (1.501)

PD
0.216*** 0.286*

(0.061) (0.162)

_cons
0.823*** 0.839*** 0.864*** 0.892***

(0.006) (0.005) (0.025) (0.110)
Year FE No Yes No Yes
City FE No Yes No Yes

N 2,770 2,770 2,770 2,770
Adj. R2 0.046 0.683 0.066 0.688

Note: Statistical significance is indicated by *, **, and *** for the 10, 5, and 1% levels, respectively; robustness standard 
errors are provided in brackets.

Source: own

Tab. 5: Main results
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of  the  instrumental variables, alleviating con-
cerns regarding model specification.

(III) Lagged dependent variable (DV). 
Incorporating a  lagged dependent variable 
helps capture dynamic relationships and ad-
dresses potential reverse causality between EI 
and GLT. Although L.GLT appears in  the sys-
tem GMM model (Column 2 of Tab. 6), its inclu-
sion provides evidence of  strong persistence 
in GLT over time. Importantly, in  the separate 
model using GLT at time t + 1 as the dependent 
variable (Column 3 of Tab. 6), EI remains posi-
tively and significantly associated with future 
GLT levels (coefficient = 0.098, p < 0.05), further 
supporting the robustness of the main findings.

(IV) Quantile regressions. To  explore 
the  heterogeneous effects of  EI across 
the  distribution of  GLT, we  perform quantile 
regressions at  the  20th,  35th, 50th, 65th, and 
80th percentiles. Columns (4–8) of Tab. 6 con-
sistently demonstrate positive and statistically 
significant coefficients for EI, ranging from 0.155 
(20th percentile, p < 0.1) to 0.266 (50th percen-
tile, p  <  0.01). These findings indicate that 

the  positive relationship between  EI and  GLT 
is robust across varying levels of GLT, captur-
ing both central and tail-end dynamics.

Overall, the results from these endogeneity 
tests provide strong evidence that the observed 
positive relationship between EI and GLT is not 
driven by  endogeneity concerns. The  consis-
tent significance and magnitude of  the  coef-
ficients across different estimation methods 
reinforce the  validity and robustness of  our 
primary conclusions.

3.6	 Moderation analysis
To investigate the  moderating role of  GRP 
in the relationship between EI and GLT, interac-
tion terms between EI and GRP were included 
in  the  analysis. Tab.  7 presents the  results 
across two model specifications.

In  Column  (1), with only firm and year 
fixed effects, EI  demonstrates a  positive and 
statistically significant effect on  GLT (coeffi-
cient = 0.206, p < 0.01), reaffirming its fundamen-
tal role in promoting green low-carbon outcomes. 
The direct effect of GRP on GLT is not statistically 

Variable

(1) (2) (3) (4) (5) (6) (7) (8)

DK-FE GMM Lagged 
DV Quantile regressions

GLT GLT GLT (t + 1) GLT GLT GLT GLT GLT

EI
0.227*** 0.261** 0.098** 0.155** 0.236*** 0.266*** 0.255*** 0.215***

(0.019) (0.129) (0.047) (0.072) (0.041) (0.029) (0.028) (0.030)

L.GLT
1.020***

(0.057)

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes Yes Yes

City FE Yes Yes Yes Yes Yes Yes Yes Yes

AR (1) 0.658

AR (2) 0.117

Hansen-J Yes

N 2,770 2,493 2,493 2,770 2,770 2,770 2,770 2,770

Adj. R2 0.202 0.752 0.111 0.121 0.130 0.136 0.181

Note: Statistical significance is indicated by *, **, and *** for the 10, 5, and 1% levels, respectively; robustness standard 
errors are provided in brackets.

Source: own

Tab. 6: Endogeneity test
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Conclusions
Using data from 2012 to 2021 on 277 prefec-
ture-level cities in  China, this study investi-
gates the  relationship between environmental 

innovation and the  green low-carbon transi-
tion, focusing on the moderating role of green 
regulatory pressure. The  findings confirm that 
environmental innovation has a  positive and 

significant, suggesting that regulatory pressure 
alone does not directly drive  GLT. However, 
the interaction term (EI # GRP) is negative and 
significant (coefficient = −0.010, p < 0.05), indi-
cating that higher levels of GRP reduce the posi-
tive impact of  EI on  GLT. Also, in  Column  (2), 
after adding control variables, the results remain 
consistent. The  coefficient for  EI slightly de-
creases to 0.198 (p < 0.01), and the interaction 
term (EI # GRP) remains negative and significant 
(coefficient = −0.009, p < 0.05). A plausible expla-
nation for these results might be that excessively 
high  GRP could impose additional compliance 
burdens on firms or restrict their flexibility in im-
plementing environmental innovations, thereby 
limiting their potential contribution to GLT.

The  negative interaction effect observed 
in  this study resonates with prior research 
highlighting the  conditional impact of  environ-
mental regulations on  innovation outcomes. 
For  instance, Stojčić et  al. (2024) propose 
that well-designed regulations can enhance 
competitiveness by  incentivizing innovation, 
but overly restrictive frameworks may instead 

create inefficiencies. Similarly, Aragòn-Correa 
et  al. (2019) argue that the  relationship be-
tween regulation and innovation is  contingent 
on the  design and enforcement of  policies, 
as  excessive stringency may deter firms from 
pursuing innovative solutions due to increased 
costs or resource constraints.

In the context of GLT, these dynamics sug-
gest that while regulatory pressure is essential 
for promoting sustainable practices, its intensity 
must be carefully calibrated. Regulations that 
are overly stringent may inadvertently hinder 
firms’ ability to capitalize on the benefits of EI, 
particularly in  industries where innovation cy-
cles are long or require substantial investments. 
This highlights the  importance of  regulatory 
frameworks that strike a balance (providing suf-
ficient incentives for EI without imposing exces-
sive burdens that could dilute its effectiveness). 
The findings emphasize the nuanced interplay 
between EI and policy, suggesting that the suc-
cess of GLT depends not only on the  intrinsic 
quality of  innovations but also on the external 
policy environment shaping their application.

Variables
(1) (2)

GLT GLT

EI
0.206*** 0.198***

(0.047) (0.049)

GRP
0.001 0.001

(0.001) (0.001)

EI # GRP
−0.010** −0.009**
(0.005) (0.005)

Controls No Yes
Year FE Yes Yes
City FE Yes Yes

N 2,770 2,770
Adj. R2 0.683 0.688

Note: Statistical significance is indicated by *, **, and *** for the 10, 5, and 1% levels, respectively; robustness standard 
errors are provided in brackets.

Source: own

Tab. 7: The moderating effect of GRP on the relationship between EI and GLT
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significant impact on the  green low-carbon 
transition, supporting the  notion that innova-
tive environmental practices are critical drivers 
of sustainability. Environmental innovation facil-
itates the adoption of low-carbon technologies, 
enhances resource efficiency, and reduces 
emissions, thereby accelerating the  green 
low-carbon transition.

However, the results reveal that green regu-
latory pressure acts as  a  negative moderator 
in this relationship, diminishing the positive im-
pact of environmental innovation on the green 
low-carbon transition. Excessive regulatory 
pressure can impose additional compliance 
burdens and limit firms’ operational flexibility, 
constraining their ability to  fully leverage envi-
ronmental innovation. While regulation is nec-
essary to  encourage sustainable practices, 
overly stringent green regulatory frameworks 
may inadvertently hinder the contributions of en-
vironmental innovation to the green low-carbon 
transition.

From a  theoretical perspective, this study 
integrates resource dependence theory and 
institutional theory to  provide a  nuanced un-
derstanding of the dynamics between environ-
mental innovation and the  green low-carbon 
transition under green regulatory pressure. 
Resource dependence theory underscores how 
environmental innovation enables firms to man-
age resource constraints and align operations 
with sustainability goals, reducing reliance 
on  carbon-intensive resources. Institutional 
theory highlights the dual role of green regula-
tory pressure as both a driver and a constraint, 
compelling firms to adopt eco-friendly practices 
while potentially hindering their innovative ca-
pacity when overly restrictive. By  demonstrat-
ing the contingent effects of regulatory intensity 
on  innovation outcomes, this study advances 
both theories, emphasizing the need for adap-
tive regulatory frameworks that balance com-
pliance imperatives with flexibility to  foster 
sustainable transitions.

From a practical standpoint, these findings 
offer significant insights for policymakers and 
business leaders. Policymakers should design 
adaptive regulatory frameworks that encour-
age environmental innovation while avoiding 
excessive burdens on firms. This could involve, 
for example, implementing differentiated regu-
latory targets based on  industry type and firm 
capacity, offering performance-based incen-
tives for innovation outcomes, or strengthening 

coordination between environmental and 
industrial policy agencies to  reduce regulatory 
fragmentation. Policies that provide flexibility, 
targeted incentives, and support for innovation 
can maximize the benefits of environmental in-
novation for achieving green low-carbon transi-
tions. For  firms, aligning innovation strategies 
with regulatory expectations while advocating 
for balanced policies is essential for sustaining 
progress toward low-carbon objectives.

In conclusion, this study provides empirical 
evidence of  the positive role of environmental 
innovation in  promoting the  green low-carbon 
transition, while emphasizing the  necessity 
of  calibrated regulatory strategies. While en-
vironmental innovation serves as  a  key driver 
of sustainability, its effectiveness can be mod-
erated by the  intensity and design of  green 
regulatory pressure. To build on these findings, 
future research may proceed along three prom-
ising directions. First, scholars could examine 
the  long-term impacts of  green regulatory 
pressure on  different types of  environmental 
innovation (such as incremental versus radical 
forms) and assess how these dynamics vary 
across sectors or  national contexts. Such  in-
quiry would deepen understanding of  the  in-
stitutional and economic conditions under 
which innovation most effectively contributes 
to  sustainable transformation. Second, future 
studies may incorporate city-level contextual 
factors that influence firms’ innovation capacity, 
including the  presence of  universities and re-
search institutions, the educational attainment 
of  the  working-age population, the  availabil-
ity of sector-specific government technological 
support, and differences in  industrial structure 
and energy intensity. Accounting for these het-
erogeneities may offer more nuanced insights 
into the drivers of environmental innovation and 
help explain spatial variations in green transition 
performance. Third, the measurement of green 
regulatory pressure could be enhanced by vali-
dating text-based indicators against concrete 
regulatory data (such as enforcement records, 
environmental expenditures, or pollution control 
efforts) in order to better align policy discourse 
with actual implementation.
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Abstract: The  increase in  remote work, driven by the  COVID-19 pandemic and technological 
advancements, has introduced numerous challenges for both employees and employers, including 
those related to health-related behaviors such as presenteeism. The aim of this paper is to identify 
the main determinants and reasons for presenteeism in remote and hybrid work, as well as key 
methodological aspects in researching this phenomenon. The study also highlights research gaps 
in  the current body of knowledge and discusses implications based on the analysis of selected 
studies. The  preferred reporting items for systematic reviews and meta-analyses (PRISMA) 
guidelines and content analysis were applied to 425 papers retrieved from the Scopus database. 
The  findings reveal that presenteeism increased during the  COVID-19 pandemic. The  main 
determinants of presenteeism include job demands, career pressure, access to sick leave, telework 
experience, overtime hours, indirect work control, employee health, supervisor support, detachment 
from work, and organizational culture. Specifically, presenteeism is negatively related to supervisor 
support and the ability to psychologically detach from work, while formal rules regarding presence 
and absence in the workplace play a role in explaining presenteeism in remote work environments. 
Most employees describe the home work environment as more “comfortable” for working while ill 
or unwell, which helps explain the higher level of presenteeism in remote work compared to on-site 
work. The main contributing factors included the ability to take breaks when needed, support from 
household members, and access to a better physical workspace. Finally, decisions to work while ill 
are shaped by factors such as how often one experiences illness, their general health condition, 
symptom severity and type, and personal illness perceptions. The findings underscore the need for 
flexible workplace policies and leadership approaches that promote employee health and support 
sustainable work practices.

Keywords: Employees health, hybrid work, work from home, working while ill.

JEL Classification: J22, J28, O33.

APA  Style Citation: Wozniak-Jasinska, K. (2026). Sickness presenteeism in remote work: 
Insights from a systematic review. E&M Economics and Management, 29(2), 16–31. https://
doi.org/10.15240/tul/001/2026-2-002

Introduction
The  subsequent rise in  remote working prac-
tices, resulting from technological development 
and the  COVID-19 pandemic, has brought 
numerous challenges for both employees and 
employers, as well as several important advan-
tages of  this form of work. As part of  the new 
world of work, the development of hybrid work, 

which combines remote work with on-site work, 
is also noticeable, and it is expected to become 
the  most popular option after the  COVID-19 
pandemic (Kane et  al., 2021). Generally, 
the  positive aspects of  work from home are 
evident in  increased job productivity (Barrero 
et al., 2021); greater work and life satisfaction 
and various other benefits, such as  time and 
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cost savings, flexibility, including flexible work-
ing hours, work comfort, friendly work environ-
ment and greater job autonomy (Aksoy et al., 
2022; Bavik et  al., 2020; Nemțeanu et  al., 
2022). In contrast, remote work can also  lead 
to  deteriorating employee health, including 
ineffective communication, work-home interfer-
ence, loneliness (Wang et al., 2021) and even 
the constant need to be online due to increased 
workload (Phadnis et al., 2021).

An  important aspect of  employees’ health 
that changes during work from home is also pre-
senteeism. Presenteeism refers to the behavior 
of working while being ill, serving as an alterna-
tive to  being absent from work due to  illness 
(Ruhle et al., 2020). The recent studies suggest 
that the  consequences of  presenteeism can 
be both positive (a  functional behavior) and 
negative (a  dysfunctional behavior). On  one 
hand, presenteeism can have positive effects 
by  supporting workplace inclusion of  employ-
ees with chronic conditions (Karanika-Murray 
& Biron, 2020). On the other hand, it can lead 
to a decline in overall health when individuals 
continue to  work despite being  ill (Bergström 
et al., 2009). What is relevant, preliminary find-
ings indicate that presenteeism is also common 
in remote work settings (Gerich, 2022).

Furthermore, some analyses indicate that 
work from home is  a  viable option for em-
ployees to  continue working despite being  ill 
(Nakrošienė et al., 2019). What is more, recent 
studies suggest that poor health, whether sub-
jectively assessed or  measured through spe-
cific health impairments, diminishes subjective 
well-being. Simultaneously, there are indirect 
effects whereby pursuing happiness serves 
as  a  buffer against bodily stress responses. 
However, these implications have less use 
in  debilitating diseases (Binder &  Buenstorf, 
2018). Based on these implications, it is worth 
studying presenteeism in the context of remote 
and hybrid work more deeply. This paper 
is a systematic literature review, with the objec-
tive of categorizing and analyzing prior research 
on the presenteeism in remote and hybrid work. 
This systematic review draws on findings from 
prior research, identifies key aspects of  re-
search methodology related to  presenteeism 
in remote work, outlines the main determinants 
of  presenteeism in  remote and hybrid work, 
highlights gaps in  the  current state of  knowl-
edge, and discusses the implications based on 
the analysis of selected studies.

The  preferred reporting items for system-
atic reviews and meta-analyses (PRISMA) 
guidelines and a  content analysis were ap-
plied to 425 papers retrieved from the Scopus 
database. It  also  offers insights into future 
research to  enhance the  functional aspects 
of  presenteeism while minimizing its negative 
consequences. This systematic review con-
tributes to the literature by offering a structured 
overview of  recent studies on  presenteeism 
in  remote and hybrid work and by  identifying 
future research directions in this field. The origi-
nality of this research lies in not only highlighting 
authors’ contributions but also  systematizing 
findings on  the  prevalence of  presenteeism 
during remote and hybrid work and the factors 
influencing this behavior. 

The  remainder of  the  paper is organized 
as follows: the second section outlines the re-
search methodology, including the  methods 
and materials used. The third section presents 
the  results of  the  systematic review, covering 
descriptive statistics, the  conceptualization 
of  presenteeism definitions, measures of  pre-
senteeism, and the  prevalence and factors 
influencing this behavior in  remote work and 
implications for further research. The final sec-
tion discusses the findings and implications for 
further research, followed by the recommenda-
tions for practice, and limitations of the study.

1	 Theoretical background
1.1	 Presenteeism as a decision making 

process
Given ongoing social, economic, and techno-
logical developments – along with the  increase 
in  remote work accelerated by the  COVID-19 
pandemic, presenteeism is understood as 
“working while in  a  state of  ill health” (Ruhle 
et al., 2020, p. 346). What is more, presenteeism 
should not be limited to  instances of  acute  ill-
ness alone; rather, it encompasses the broader 
behavior of continuing to work while experienc-
ing any state of ill health (Ruhle et al., 2020).

Presenteeism results from conscious 
decision-making processes when individuals 
are faced with  illness or  poor health (Ruhle 
et  al., 2020). In  on-site work, employees who 
are sick must choose between two options: 
continuing to work by going to the office or stay-
ing home to recover (Karanika-Murray & Biron, 
2020). However, with telework or remote work, 
the  decision-making process becomes more 
complex. Employees now have a  third option: 
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working from home despite feeling unwell (Ruh-
le et al., 2020). In such contexts, employees can 
choose whether to report sick, work from home 
while ill, or even attend the office despite their 
condition (Ruhle & Schmoll, 2021). Presentee-
ism, therefore, involves a  complex decision-
making process about whether to  work while 
sick or to rest.

Generally, studies suggest that the conse-
quences of  presenteeism can be both posi-
tive (functional) and negative (dysfunctional). 
On  the  positive side, presenteeism can sup-
port workplace inclusion for employees with 

chronic conditions (Karanika-Murray &  Biron, 
2020). On the negative side, it can lead to a de-
cline in  overall health when individuals con-
tinue to work despite illness (Bergström et al., 
2009). This raises important questions about 
presenteeism and its consequences in remote 
work settings and also underscores the need 
for an  in-depth literature review. Therefore, 
this systematic review might highlight potential 
interventions that organizations and employ-
ees can use to  mitigate the  negative effects 
of presenteeism while supporting its functional 
aspects in remote work environments.

Fig. 1: PRISMA flow chart

Note: n – the number of papers.

Source: own
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1.2	 Conceptual foundations and 
formulation of research questions

The preferred reporting items for systematic re-
views and meta-analyses (PRISMA) guidelines 
were employed to systematically review, stan-
dardize, and report empirical results (Moher 
et al., 2009). PRISMA is a powerful tool for con-
ducting systematic literature reviews because 
it  enhances the  quality of  the  review process 
from a methodological perspective (Arya et al., 
2021). It  also  enables a  structured and com-
prehensive approach. The PRISMA guidelines 
consist of  four sequential processes: identifi-
cation, screening, eligibility, and inclusion. All 
of these processes were strictly followed in this 
systematic review. The PRISMA procedure is il-
lustrated in Fig. 1. 

This systematic review addresses the  fol-
lowing research questions: 

RQ1: What are the  definitions and mea-
sures of presenteeism during remote work? 

RQ2: What are the  main determinants 
of presenteeism in remote work? 

RQ3: What are the major trends in studies 
on presenteeism and its consequences during 
remote work? 

RQ4: What are the  primary contributions 
of  authors researching presenteeism in  re-
mote work, and what are the  research gaps 
in this area?

By answering these questions, this review 
provides a  comprehensive understanding of 
presenteeism in  remote work, including its 
definitions, determinants, and consequences. 
It also offers insights for future research to en-
hance the functional aspects of presenteeism 
while minimizing its negative consequences. 
This systematic review contributes to  the  lit-
erature by offering a structured overview of re-
cent studies on  presenteeism in  remote and 
hybrid work and by identifying future research 
directions in  this field. The  originality of  this 
research lies in not only highlighting authors’ 
contributions but also  systematizing findings 
on the prevalence of presenteeism during re-
mote and hybrid work and the factors influenc-
ing this behavior.

2	 Research methodology 
2.1	 Data collection 
A  systematic review search was conducted 
in  August 2024 using the  electronic data-
base Scopus. Elsevier’s Scopus was chosen 

as the primary source of data for two main rea-
sons. First, Scopus is the largest repository of ci-
tations and abstracts, including peer-reviewed 
research published in scientific journals, books, 
and conference proceedings (Elsevier, 2024). 
Second, Scopus has a  broader citation index 
compared to  the  Web of  Science, making it 
widely used for academic research (Zhao 
&  Strotmann, 2015). While Google Scholar 
could yield more results, it  may also  include 
papers of  local relevance, which could raise 
concerns about the  quality of  those articles 
(Piwońska et al., 2021). To obtain and explore 
the largest possible number of papers that as-
sessed presenteeism in remote work, no specif-
ic time frame was set for the start of the search.

The following search terms were employed 
(TITLE-ABS-KEY(“hybrid work*” OR  “work* 
from home” OR “remote work*” OR “telework*” 
OR  “telecommut*” OR  “virtual work*” OR wfh) 
AND TITLE-ABS-KEY(presenteeism OR  ill 
OR sick OR  illness OR sickness OR unwell)). 
The particular keywords were selected to reflect 
the adopted research goals to the greatest extent 
possible. However, before developing the final 
combination of  sets of  keywords, the  various 
combinations were carefully checked in  order 
to choose the most efficient and suitable one, 
and, when necessary, the additional keywords 
were added. According to the previous analysis 
(e.g., Chain et al., 2019; Costa et al., 2019), do-
cuments were searched in article title, abstract, 
and author/indexed keywords of  the  papers. 
Firstly, the  Scopus database returned 425  re-
cords. After preliminary screening of abstracts 
for further, more detailed analysis, 44  papers 
remained valid.

Selection criteria (inclusion and exclusion 
criteria)
In  this study, the  PCC (population (or  par-
ticipants)/concept/context) framework was em
ployed in  order to  identify the  main concepts 
in review questions and to ensure that any in-
clusion and exclusion criteria were not missed 
(Pollock et al., 2023). To be included in the sys-
tematic review, all papers were assessed based 
on the inclusion and exclusion criteria displayed 
in  Tab.  1. The  first criteria was the  document 
type. According to  this, papers that were not 
published in journals were excluded. Secondly, 
papers written in  a  language other than Eng-
lish were removed as  well. Additionally, in  or-
der to  ensure the  transparency and credibility 
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of the study, the analysis included articles that 
were finally published. To be eligible for inclu-
sion in  this systematic review, papers had 
to  meet the  following criteria: (1)  participants 
were employees working part-time or  full-time 
remotely; (2) the study analyzed presenteeism 
during work; (3)  the  study was empirical; and 
(4)  it  examined the  impact of  factors influenc-
ing presenteeism, as  recommended by Johns 
(2010), Karanika-Murray and Cooper (2018).

Ruhle et  al. (2020) studies that defined 
presenteeism as a loss of productivity were ex-
cluded from this literature review due to the fact 
that the loss of productivity due to illness result-
ing from working while unwell should not be 
strictly classified as presenteeism. Instead, they 
view it as a change in productivity resulting from 
presenteeism behavior (Johns, 2010; Karanika-
Murray & Cooper, 2018; Ruhle et  al., 2020). 
Additionally, one paper discussed the enforced 
constant presence and availability of  employ-
ees during remote work, referred to by the au-
thors as “online presenteeism”. However, since 
this presence was not associated with  illness 
or feeling unwell, it does not meet the definition 
of presenteeism presented earlier and therefore 
cannot be considered presenteeism itself.

The  review aimed to  analyze empirical 
results from working contexts, specifically focus-
ing on the working population. Therefore, stud-
ies involving student samples were excluded. 

However, if  a  study provided separate analy-
ses of  employees, it  was included, but only 
the  findings related to  the  working population 
were considered. Studies were excluded from 
the  analysis if  they: (1)  included participants 
working only on-site; (2)  referred to  ICT-based 
off-hour work; (3) were review articles or similar; 
(4) discussed health issues unrelated to presen-
teeism; or  (5) were written in a  language other 
than English, were not published in  journals, 
or were still in the publication process. If presen-
teeism was one of the factors examined (but not 
the primary focus of the analysis), the article was 
still included in  the review as potentially impor-
tant. However, the  paper presents conclusions 
related to  presenteeism specifically. A  review 
of  the  full text resulted in 22 articles being ex-
cluded. Therefore, 15  papers were included 
in  this review. All  15  papers included in  this 
review were published in  journals, the  English 
language, between the years of 2002 and 2024.

Data extraction 
Upon completing the  review stages, including 
abstract screening and full-text reading, data ex-
traction began for the included papers. The data 
were carefully extracted and the  process was 
reviewed in consultation with two independent 
researchers in  economics and management. 
Data extraction involved gathering information 
on  various aspects relevant to  the  objective 

PCC framework Inclusion criteria Exclusion criteria 

Participants Employees working part-time or full-time 
remotely

Unemployed people, students who do not 
work, employees working only on-site

Concept

Presenteeism during work
mWork (which refers to the ICT-based 

off-hour work) when employees normally 
work on-site

Only empirical studies Theoretical studies, review articles, 
editors introductions, etc.

The impact of determinants shaping 
presenteeism

The impact of determinants shaping 
another phenomenon

Context

Remote or hybrid work environment On-site work environment

Papers written in English Papers written in non-English

Papers with final publication stage Papers in press

Texts published only in journals Conference papers, book chapters, 
books, reviews, etc.

Source: own

Tab. 1: Outline of PCC framework for the review (inclusion and exclusion criteria)
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of  the  systematic review, including the  socio-
demographics of respondents, data and methods 
used, study period, key findings on presenteeism 
and its influencing factors, as  well  as  research 
gaps for future studies. Specifically, the  follow-
ing aspects were analyzed and presented into 
Microsoft Excel: (1)  author(s); (2)  year of  pub-
lication; (3)  title; (4)  purpose; (5)  study pe-
riod; (6) model of work (hybrid, remote, on-site); 
(7) country/study location; (8) employment sec-
tors/job type; (9) company size; (10) study popu-
lation; (11) methods; (12) tools, data; (13) sample 
size; (14)  COVID-19 context (pre-, during, 
post-pandemic); (15) definition of presenteeism; 
(16) measures of presenteeism; (17)  the period 
of  retrospective memory; (18)  the  prevalence 
of presenteeism; (19) list of factors shaping pre-
senteeism; (20)  main findings: factors shaping 
presenteeism; (21) research gaps.

Data coding and analysis 
Data extraction was conducted to  identify and 
assess key information on  population demo-
graphics, methods, tools, and findings relevant 

to  the  implications of  presenteeism in  remote 
or hybrid work. Following the Braun and Clarke 
(2006) framework, a  descriptive thematic 
analysis was performed. This process consists 
of  six steps: the  first step involved reviewing 
the data and formulating codes. Next, relevant 
data were collated for each code. In the follow-
ing step, all  relevant data were grouped into 
potential themes. After verifying the  themes 
against the codes, all themes were refined. This 
procedure ensured the validity and robustness 
of the categories and themes.

3	 Results and discussion
3.1	 Statistical analysis of data resources
A  total of  15  papers were included in  the  re-
view. The  analyzed articles were published 
in peer-reviewed journals, in English, between 
2002 and 2024. Most articles were published 
in the years 2022 and 2023. These were pub-
lications written mainly in  co-authorship, with 
international co-authorship accounting for 
almost 6.25%, and on average, with 19.5 cita-
tions per document. 

Fig. 2: Countries scientific production

Note: The data for this map were generated through “Biblioshiny”, a shiny app providing a web-interface for Bibliometrix 
software; different shades of blue indicate different productivity rate: dark blue – high productivity, grey – no paper.

Source: own (based on Scopus database)
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The  geographical distribution of  papers 
(based on  all authors’ affiliations) is  concen-
trated in  the  South Korea, the  Anglo-Saxon 
countries (USA,  the  UK, and  Canada) and 
in other European countries (Germany, Spain, 
the  Netherlands) (Fig.  2). The  South Korea 

was the  most productive country, probably 
due  to  the  fact that cultural norms of  dedica-
tion and work ethic (especially loyalty to one’s 
workplace) play an important role in this coun-
try. Fig. 3 presents the 10 most cited countries 
according to  the  number of  citations, with 

Fig. 3: Most cited countries

Source: own (based on Scopus database)

Fig. 4: Most frequent keywords used in the papers

Note: The word cloud was generated through “Biblioshiny”, a shiny app providing a web-interface for Bibliometrix soft-
ware; field: authors’ keywords; the larger the size of the word, the more often it appeared in papers.

Source: own (based on Scopus database)
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the United Kingdom having the most significant 
number of citations, followed by the Germany, 
the USA, and Canada.

The  trending terms associated with pre-
senteeism were analyzed to  identify core 
thematic areas and to examine emerging pat-
terns and developments in this field. The word 
cloud shows the  most frequent keywords 
in  the  analyzed articles (Fig.  4). The  larger 
the  word, the  more frequently the  word ap-
pears in  the  analyzed articles. COVID-19 is 
the most emphasized in the literature reviewed, 
followed by sars-cov-2, female, male, adult, hu-
mans, surveys and questionnaires, workplace, 
cross-sectional study, work environment, occu-
pational health, absenteeism, etc. Over recent 
years, the  issue of  presenteeism has gained 
increasing attention, exacerbated by the effects 
of COVID-19 pandemic.

3.2	 Definitions and conceptual approaches 
to presenteeism in remote work

Studies on  presenteeism while working from 
home use various definitions (Tab.  2). Gener-
ally, based on the  definitions collected from 
research on presenteeism in  remote or hybrid 
work settings, presenteeism is usually defined 
as the behavior of employees who work despite 
being sick or unwell. Most studies identify pre-
senteeism as a phenomenon where employees 
continue to  work (remotely, usually at  home) 
even when they are  ill (e.g.,  Fiorini, 2024; 

Gerich, 2022; Goñi-Legaz et  al., 2024; Had-
jisolomou et al., 2022; Magalhães et al., 2022; 
Probst et al., 2021; Ruhle & Schmoll, 2021; Ryoo 
et al., 2023). This understanding of presentee-
ism, as  working while sick, aligns with defini-
tions that emphasize it as a decision, whether 
conscious or complex decision-making, where 
the employee chooses to work despite  illness 
symptoms (Hadjisolomou et al., 2022; Schmitz 
et  al., 2023) or  continues to  engage in  work 
activities despite the presence of illness symp-
toms (Cook & Van Den Hoek, 2023). 

3.3	 Measures of presenteeism in remote 
work

A systematic review highlights significant varia
tions in  the  measurement of  presenteeism 
(Tab. 3). Most studies focus on the extent and 
likelihood of presenteeism resulting from being 
sick, feeling unwell, or experiencing pain. Spe-
cifically, some measures focus solely on the ex-
tent of  presenteeism, studying its prevalence 
(Ryoo et al., 2023, 2024) or duration, with most 
considering the  number of  days (e.g., Ahmed 
et al., 2020; Schmitz et al., 2023; Shafer et al., 
2023), although some also  take into account 
the number of occurrences (Fiorini, 2024). Sev-
eral measures include different items to assess 
presenteeism. For instance, Cook and Van Den 
Hoek (2023) consider six items related not only 
to  working despite having symptoms or  pain 
but also to  working even though a  doctor 

Definition Source
A conscious decision to work when ill (even 

if employees only work for specific tasks/meetings 
or a shorter period than they contractually agreed)

(Schmitz et al., 2023)

Workers’ decisions to work when sick (Hadjisolomou et al., 2022)

The behaviour of continuing to engage in work 
activities despite the presence of symptoms” and 
the result of a complex decision-making process

(Cook & Van Den Hoek, 2023)

Going to work/working/continue working despite 
being sick/ill

(Fiorini, 2024; Gerich, 2022; Goñi-Legaz 
et al., 2024; Magalhães et al., 2022; Probst 

et al., 2021; Ruhle & Schmoll, 2021; 
Ryoo et al., 2023, 2024; Spinks, 2002; 

Steidelmüller et al., 2020)
The state of attending work when individual is 

unwell or the act of working in a state of ill-health (Biron et al., 2021) 

Source: own

Tab. 2: The definitions of presenteeism in remote work
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advised against  it, as  well  as  taking medica-
tion in order to continue working. Furthermore, 
Steidelmüller et  al. (2020) and Gerich (2022), 
in  addition to  assessing the  prevalence and 
duration of  presenteeism (in  days), also  em-
ployed a  measure of  sickness presenteeism 
propensity. Probst et  al. (2021), focusing on 
the COVID-19 perspective, considered the du-
ration of  presenteeism (occurrences) in  three 
different areas: feeling under the weather, pos-
sible exposure to someone with COVID-19, and 
being diagnosed with COVID-19. Meanwhile, 
Ruhle and  Schmoll (2021), using open-ended 
questions, concentrated on the  reasons and 
main characteristics of  presenteeism, such 
as organizations’ attitudes toward employee at-
tendance and absences in the event of illness, 
or  differences in  how working while sick was 
treated before the  crisis. Additionally, Fiorini 
(2024) used a  single-item measure to  assess 
the instances when an employee worked while 
feeling unwell, incorporating the  role of  sick 
leave into this measure, through the  question 
“How many times had you worked, from their 
workplace or  remotely, despite feeling suffi-
ciently unwell to take sick leave during the first 
12 months of the pandemic?” (Tab. 3).

Moreover, the  different periods of  retro-
spective memory reported by employees were 

considered. Most studies referred to  a  retro-
spective memory period of 12 months (Fiorini, 
2024; Gerich, 2022; Goñi-Legaz et  al., 2024; 
Probst et  al., 2021; Ryoo et  al., 2023; 2024; 
Steidelmüller et  al., 2020). Other perspec-
tives included a  retrospective memory period 
of  6  months (Cook &  Van Den Hoek, 2023), 
3  months (Ruhle &  Schmoll, 2021; Schmitz 
et  al., 2023), 28  days (Shafer et  al., 2023), 
7 days (Biron et al., 2021), or even the first days 
of  illness (Ahmed et  al., 2020). Generally, 
authors who referred to  periods shorter than 
12 months indicated that they were trying to re-
duce recall bias (e.g., Ruhle & Schmoll, 2021). 
Nevertheless, a 12-month recall period is often 
used in  studies on  presenteeism and working 
from home (telework). 

Data in most studies were collected through 
the  authors’ own surveys and sometimes in-
terviews (e.g., Biron et al., 2021; Fiorini, 2024; 
Gerich, 2022; Schmitz et  al., 2023). Some 
papers also used data collected from national 
or  international surveys conducted by  inter-
national institutions or  specific countries, 
e.g., the European Working Conditions Survey 
(Goñi-Legaz et  al., 2024; Steidelmüller et  al., 
2020) or the  6th  Korean Working Conditions 
Survey (Ryoo et  al., 2023; 2024). In  closing, 
most presenteeism measures rely on subjective 

Measure
The period 

of retrospective 
memory

The data 
collected Source

The question inquiring about working while ill 
(the response “yes” was considered to be 

the presenteeism)
12 months ago

The 6th Korean 
Working 

Conditions 
Survey

(Ryoo et al., 
2023; 2024)

The question “How many times had you worked, 
from their workplace or remotely, despite feeling 

sufficiently unwell to take sick leave during the first 
12 months of the pandemic?”

12 months ago Authors’ 
survey (Fiorini, 2024) 

The question “On how many days did you work 
remotely in the last 3 months although you felt ill?” 3 months ago Authors’ 

survey
(Schmitz 

et al., 2023) 
The number of days worked during illness 

by summing the days worked onsite and the days 
teleworked during illness

28 days ago Authors’ 
survey

(Shafer et al., 
2023)

The question “In the last week (7 days), how 
many days did you work while you had a health 

problem?”; where health problems are any 
physical or emotional problem or symptom

7 days ago Authors’ 
survey

(Biron et al., 
2021)

Tab. 3: The measures of presenteeism in remote work – Part 1
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Measure
The period 

of retrospective 
memory

The data 
collected Source

The question for sickness presence days: 
“Approximately how many days did you work 

during the past 12 months even when your health 
state would have justified taking sick leave?”; 
presenteeism was calculated as the number 

of sickness presence days divided by the number 
of health events, whereby the number of health 

events is the sum of sickness presence and 
absence days (for both sickness presence and 

sickness absence, responses of more than 
60 days were removed to avoid bias due to 

long-term sickness)

12 months ago Authors’ 
survey (Gerich, 2022)

The six items: (1) “I appeared at work despite 
having symptoms/pain”; (2) “I worked even though 
my doctor advised me not to”; (3) “I worked even 
though I experienced severe illness symptoms/

pain”; (4) “I worked the entire day/shift even 
though I was experiencing symptoms/pain”; 

(5) “I took medication to manage acute symptoms/
pain in order to be able to work”; (6) “I dragged 
myself to work even though I was experiencing 

symptoms/pain”

6 months ago Authors’ 
survey

(Cook & Van 
Den Hoek, 

2023) 

The three questions: (1) “Since the start 
of the pandemic, how often have you gone to work 

despite feeling under the weather (e.g., cough, 
low fever, sore throat, fatigued, etc.)?”; (2) “Since 

the start of the pandemic, how often have you 
gone to work despite being possibly exposed 

to someone with COVID-19”; (3) “Since the start 
of the pandemic, how often have you gone to work 

despite being diagnosed with COVID-19”

12 months ago Authors’ 
survey

(Probst et al., 
2021)

Work attendance during the first 3 days of illness 
(including the number of days worked at the usual 

workplace and number of days worked from 
home)

The first days 
of illness 

Authors’ 
survey

(Ahmed et al., 
2020)

Three different approaches: (1) the question 
“Over the past 12 months did you work when 
you were sick?” (variable binary); (2) sickness 

presenteeism days, i.e., the number 
of working days showing presenteeism 

(individuals reported to have not worked when 
sick or not having sick were coded with a zero and 

were excluded); (3) the sickness presenteeism 
propensity, calculated as the ratio of days 

showing presenteeism and the sum of days 
in presenteeism and sickness absence, and it 

ranges between 0 (i.e., all days of sickness were 
spent in sickness absence) and 1 (i.e., all days 
of sickness were days showing presenteeism)

12 months ago

The European 
Working 

Conditions 
Survey 

(EWCS) 2015

(Steidelmüller 
et al., 2020; 
Goñi-Legaz 
et al., 2024)

Tab. 3: The measures of presenteeism in remote work – Part 2
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data, such as the number of times or days em-
ployees feel sick,  ill, or  unwell but still decide 
to continue working. As such, they are largely 
based on employees’ personal perceptions and 
self-reports. These measures typically do  not 
indicate whether the illness or poor health was 
confirmed by a doctor. However, some studies 
do incorporate additional aspects such as sick 
leave or  medical consultations. For  example, 
the study by Cook and Van Den Hoek (2023) 
examines whether an individual worked despite 
receiving medical advice not to.

3.4	 A thematic discussion of presenteeism 
influences and emerging 
research needs

Based on the literature review, two main groups 
of  factors influencing presenteeism in  remote 
work can be distinguished: socio-demographic 
and job-related. The most frequently indicated 
socio-demographic factors include age, gen-
der, education, marital status, having children 
under 18  years of  age, caregiving responsi-
bilities for children, grandchildren, disabled 
relatives, or the elderly (at  least several times 
a  week), income, household size, and race/
ethnicity. The most commonly cited job-related 

characteristics are enterprise size, job type/
occupation, employment sector, type of  work 
contract, leadership role, work experience, 
telework intensity, psychological demands, 
overtime hours, job control, psychosocial safety 
climate, telework experience, detachment 
from work, supervisor support, organizational 
policies, employee attitudes toward CDC  CO-
VID-19 prevention guidelines, and work-family 
conflict. Furthermore, some studies also  ex-
plored specific reasons for presenteeism 
in remote work.

Although the  studies were diverse, some 
overlapping aspects were identified in  the  re-
lationship between presenteeism and working 
from home, as well as the factors shaping this 
behavior during telework. Most studies indicate 
that presenteeism is positively associated 
with home-based telework (e.g.,  Goñi-Legaz 
et al., 2024; Ryoo et al., 2023, 2024) and that 
this behavior increased during the  COVID-19 
pandemic (e.g.,  Ruhle &  Schmoll, 2021). Re-
garding moderators, most studies suggest that 
presenteeism is more frequent among women 
and older employees (e.g., Fiorini, 2024; Goñi-
Legaz et  al., 2024). However, some studies 
found no statistically significant differences 

Measure
The period 

of retrospective 
memory

The data 
collected Source

The opened questions: (Q1) “Please describe 
why you decided to work while sick. What were 
the reasons for this? How did this behavior differ 

from your behavior before the pandemic?”; 
(Q2) “Where were you working at home, 

the office, or somewhere else? What were 
the hours of work? Were there any special 

circumstances?”; (Q3) “Please describe the extent 
to which COVID-19 has led your organization 

to address employee attendance and absences 
in the event of illness. Briefly state whether 

you have been treated differently in the context 
of working with an illness then you were before 

the crisis? If so, how?”

3 months ago Authors’ 
survey

(Ruhle 
& Schmoll, 

2021)

The percentage of employees report work despite 
having health conditions that affected their job 
performance, and chose not to seek treatment

NA Authors’ 
survey

(Spinks, 
2002)

Source: own

Tab. 3: The measures of presenteeism in remote work – Part 3
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in  presenteeism based on  employee charac-
teristics (e.g., Ahmed et al., 2020; Biron et al., 
2021; Ryoo et al., 2023).

Moreover, previous studies indicate that 
presenteeism is positively associated with 
several factors, including: job demands (Biron 
et  al., 2021; Ryoo et  al., 2024), career pres-
sure (Ruhle & Schmoll, 2021), working in larger 
companies (Schmitz et  al., 2023), holding 
a  managerial role (Ruhle &  Schmoll, 2021), 
the  lack of  access to  paid sick leave (Ahmed 
et al., 2020), prior telework experience (Shafer 
et al., 2023), utilizing telework for work intensi-
fication, overtime working hours, indirect work 
control (Gerich, 2022), employees’ poor health 
(Cook &  Van Den Hoek, 2023; Goñi-Legaz 
et  al., 2024). Conversely, presenteeism is 
negatively associated with supervisor support 
(Schmitz et al., 2023), positive attitudes toward 
COVID-19 prevention at  workplace (Probst 
et al., 2021), or detachment from work (Schmitz 
et  al., 2023). Several studies have also  high-
lighted various reasons contributing to presen-
teeism in remote work, pointing to factors such 
as  work demands, health conditions,  illness 
perceptions (e.g.,  Fiorini, 2024; Ryoo et  al., 
2024), and formal policies on attendance and 
absence (Ruhle & Schmoll, 2021). The detailed 
results of  the  analyzed papers are available 
in the Supplementary materials.

Furthermore, the main reasons for presen-
teeism primarily fall into three categories: work 
and job-related, the  characteristics of  remote 
work environment, and health-related factors. 
Work and job-related factors include the casual 
nature of his contract, and related with it job in-
security and financial instability (Hadjisolomou 
et  al., 2022) the  difficult to  finding a  replace-
ment at  workplace, career pressure (Ruhle, 
&  Schmoll, 2021), heavy workloads (Fiorini, 
2024), professional obligation to  co-workers 
(Ahmed et  al., 2020), and official rules and 
regulations about absence and presence and 
organizations (Hadjisolomou et  al., 2022; 
Ruhle &  Schmoll, 2021). Key  characteristics 
of the remote work environment (usually when 
working from home) are the lack of commuting 
(Fiorini, 2024; Ruhle & Schmoll, 2021; Spinks, 
2002), and the  general possibility of  adjust-
ment of  work volume during work from home 
or to adjust work for specific  illnesses (Fiorini, 
2024; Ruhle &  Schmoll, 2021). Specifically, 
employees usually assessed the  home work 
environment as more “comfortable” for working 

when  ill or unwell. This was due to  the ability 
to  take breaks when needed, receive support 
from others in the household, and benefit from 
a better physical workspace (e.g., proper light-
ing, ergonomic desk/chair setup) (Fiorini, 2024; 
Spinks, 2002). Health- and  illness-related 
reasons for presenteeism include disease 
frequency, general health status,  illness per-
ceptions, and symptom types (Fiorini, 2024). 
For  instance, some employees reported pre-
senteeism because their symptoms were mild 
enough not to  require sick leave, and they 
believed these symptoms had little or no impact 
on their work performance (Ahmed et al., 2020; 
Fiorini, 2024). Additionally, presenteeism was 
reported in relation to specific conditions such 
as  pain, migraines, and mental health symp-
toms. Some employees also admitted working 
while sick due to  feelings of  guilt about using 
sick leave (Fiorini, 2024).

Regarding research gaps, several studies 
note the need for research on possible modera-
tors and mediators of presenteeism, especially 
job-related characteristics, such as  company 
characteristics (e.g., enterprise size), workplace 
policies and culture, colleague support, occupa-
tion, and availability of paid sick leave (Ahmed 
et al., 2020; Biron et al., 2021; Schmitz et al., 
2023; Shafer et  al., 2023), as  well  as  factors 
related to health status, e.g., physical exercise 
habits (Ryoo et  al., 2024). Another identified 
research gap highlights the  lack of  investiga-
tion into the impact of blurred boundaries while 
working remotely on sickness presenteeism (Bi-
ron et al., 2021). Additionally, there is still a lack 
of  research on the  reasons for presenteeism 
in remote work settings (Schmitz et al., 2023).

Authors also  highlight that the  role 
of  the  consequences of  sickness presentee-
ism (both positive and negative) has not been 
sufficiently explored. Specifically, there is still 
insufficient research on the  effects of  pre-
senteeism (especially positive effects) during 
telework (Ruhle & Schmoll, 2021), as well as its 
effects on productivity due to working while  ill 
(particularly for individuals with minor illnesses) 
and on measuring output while working when ill 
or  unwell (Ahmed et  al., 2020; Fiorini, 2024; 
Shafer et al., 2023). Several studies also  indi-
cate the need for research on the circumstances 
of health management in virtual work environ-
ments (Spinks, 2002), and on the  relationship 
between presenteeism and the diversity, dura-
tion, and occurrence of specific symptoms, for 
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example, the menstrual cycle (Cook & Van den 
Hoek, 2023).

Regarding methodological issues, previous 
studies note the need for longitudinal research, 
applying prospective research designs or  di-
ary studies to  explore sickness presenteeism 
in  remote and hybrid work (Ahmed et  al., 
2020; Gerich, 2022) or  cohort studies (Ryoo 
et al., 2023). Finally, authors highlight the need 
to examine and compare sickness presentee-
ism across different work settings, i.e., on-site 
and remote work (Goñi-Legaz et  al., 2023; 
Ryoo et  al., 2023). Therefore, recommenda-
tions for future research include examining 
the  impact of  job-related characteristics on at-
tending work while  ill, especially in  terms 
of  workplace policies and organizational cul-
ture. A growing body of  scientific evidence on 
the  impact of  workplace policies and culture 
on  presenteeism in  remote and hybrid work 
should also encourage more in-depth research 
into contextual aspects of presenteeism, such 
as variations in presenteeism climates, norms, 
and organizational cultures across occupations 
and sectors. Additionally, considering that one 
of  the  defining characteristics of  remote work 
is the  weakening, or  even absence, of  physi-
cal and temporal boundaries between work 
and non-work domains, future studies should 
explore how these blurred boundaries influence 
employee health and performance. It is also es-
sential for future research to assess employee 
productivity while working during illness across 
different organizational settings, i.e.,  in remote 
and on-site work. Regarding methodological 
issues in future studies on sickness presentee-
ism in remote work, research should pay spe-
cial attention to conducting longitudinal studies, 
including diary studies. Researchers should 
also  focus on  cohort and intervention studies 
on  presenteeism and its related occupational 
health risks in  the  context of  remote work. 
Future studies should not rely solely on  retro-
spective recall to study sickness presenteeism 
but should also employ hypothetical scenarios 
to examine sickness presenteeism propensity, 
especially from a long-term perspective. Finally, 
while most studies focus only on remote work, 
evidence on hybrid work arrangements remains 
an interesting area for further investigation.

Conclusions
This systematic review reveals several key find-
ings. First, most studies define presenteeism 

as  the behavior of working while  ill or  unwell, 
with definitions slightly varying across dis-
ciplinary contexts. Most empirical studies 
were conducted in  the South Korea, the USA, 
the  United Kingdom, Canada, and the  Euro-
pean countries, primarily focusing on the preva-
lence of  presenteeism (commonly understood 
as working or continuing to work despite being 
sick or unwell) and the  factors influencing this 
behavior. Additionally, it  is worth noting that 
studies on  remote work often portray presen-
teeism as a negative phenomenon, frequently 
overlooking its potential functional aspects.

Furthermore, the diversity of eligible studies 
was also  reflected in  the  types of  measure-
ments, recall periods, and data sources used. 
Regarding the  prevalence of  presenteeism, 
most studies measured it as the number of days 
or instances when employees felt sick, ill, or un-
well but chose to  continue working. Notably, 
some studies also  explored related aspects, 
such as sick leave or doctor visits. For example, 
the study by Cook and Van Den Hoek (2023) 
examined whether individuals worked despite 
their doctor’s advice not to. Most studies mea-
suring the prevalence of presenteeism referred 
to a retrospective memory period of 12 months 
(e.g., Fiorini, 2024; Gerich, 2022; Probst et al., 
2021; Ryoo et  al., 2023, 2024; Steidelmül-
ler et  al., 2020). Other studies used shorter 
periods, such as  6  months (Cook &  Van Den 
Hoek, 2023), 3 months (e.g., Ruhle & Schmoll, 
2021; Schmitz et  al., 2023), 28  days (Shafer 
et al., 2023), 7 days (Biron et al., 2021), or even 
just the  first  days of  illness (Ahmed et  al., 
2020). Authors using shorter recall periods 
often aimed to  reduce recall bias (e.g., Ruhle 
&  Schmoll, 2021). Nonetheless, a  12-month 
recall period remains rather common in  stud-
ies on  presenteeism and working from home. 
Data in most studies were collected through the 
authors’ surveys or, occasionally, interviews. 
Some papers also  utilized data from national 
or  international surveys conducted by  institu-
tions or  specific countries (e.g.,  the European 
Working Conditions Survey).

The  findings show that presenteeism 
increased during the  COVID-19 pandemic. 
Key  drivers of  presenteeism include job 
demands, career pressure, lack of  access 
to  paid sick leave, prior telework experience, 
overtime  hours, and indirect work control. 
Furthermore, employees working in  larger 
companies or  holding managerial positions 
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also  reported higher levels of  presenteeism. 
Previous research also reveals that presentee-
ism is negatively related to supervisor support 
and the  ability to  psychologically detach from 
work. Additionally, formal rules regarding pres-
ence and absence in the workplace play a role 
in  explaining presenteeism in  remote work 
environments. Moreover, most employees de-
scribed the  home work environment as  more 
“comfortable” for working while  ill or  unwell. 
The main contributing factors included the abil-
ity to  take breaks when needed, support from 
household members, and access to  a  better 
physical workspace. Finally, decisions to work 
while  ill are shaped by  factors such as  how 
often one experiences  illness, their general 
health condition, symptom severity and type, 
and personal illness perceptions.

The  findings from this systematic review 
have significant implications for practitioners, 
policymakers, and organizations. Specifically, 
they highlight the  determinants and conse-
quences of presenteeism in remote and hybrid 
work, which can contribute to  more effective 
management strategies in  these settings. 
First, it  should be emphasized that presen-
teeism in  remote and hybrid work can lead 
to both positive and negative outcomes. From 
the employee’s perspective, presenteeism may 
offer an  opportunity to  continue working dur-
ing  illness or  reduced well-being (e.g.,  when 
symptoms are relatively mild), particularly 
because work can be performed in  a  more 
comfortable, home-like environment. However, 
it must also be considered that presenteeism, 
especially when driven by  external pressures 
such as  high job demands or the  need for 
overtime, can result in  negative outcomes, 
including increased stress and deterioration 
of health, particularly over the long term. From 
the employer’s perspective, presenteeism may 
help maintain productivity if  employees con-
tinue working despite illness or poor well-being. 
It  may also  alleviate operational challenges, 
such as finding replacements for absent staff. 
However, it can also reflect issues such as low 
managerial support, which may, over time, 
negatively impact organizational performance. 
Therefore, organizations should implement 
flexible work policies that enhance employee 
autonomy while minimizing the  negative 
consequences of  working while  ill. Based on 
the  available evidence and global trends 
in  the  development of  remote work practices, 

companies should be encouraged to  design 
health-supportive policies that empower em-
ployees to  make sustainable decisions about 
working during  illness. Additionally, it  would 
be beneficial to develop specific guidelines for 
remote and hybrid work that support both em-
ployees and their leaders. Providing training for 
managers in trust-based leadership styles may 
also  improve the  management of  employee 
health in  remote workplaces. These interven-
tions can not only support employees in making 
sustainable decisions regarding presenteeism 
but also  foster a  healthier and more resilient 
remote work culture.
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Abstract: Poverty is not only a problem within a  region but also a problem that affects multiple 
regions. The  current efforts to  alleviate poverty have primarily focused on the  household and 
community level, often neglecting the crucial role that spatial dimensions play in understanding 
poverty dynamics. The theory of the vicious circle of poverty still needs attention from the whole 
community and the government, because Indonesia is committed to alleviating poverty. This study 
examines the significance of spatial considerations in poverty alleviation efforts across 117 districts 
on  Java Island. The  research aims to  provide recommendations for poverty alleviation policies 
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almost all macroeconomic variables are spatially dependent, except inflation and health spending. 
The Moran  I measure revealed that the spatial correlation was considerable. It was determined 
by utilizing spatial econometric techniques. Specifically, with the spatial autoregressive and spatial 
Durbin model methods, poverty incidence on  Java Island highly depends on  spatial factors. 
The study indicated that investing in education in neighboring areas and growing industrial sectors 
considerably lower poverty within a  specific district. The  report recommends that policies be 
executed in a coordinated manner to effectively reduce poverty on Java Island, focusing on industrial 
and human development through education spending. The  spatial network parameters indicate 
that the  impact of  these variables is still relatively small, but the effect is specific and accurate. 
Based on the  study’s results, several suggestions for addressing poverty in  Java are provided. 
The government should improve the connections between different areas (provinces, districts, and 
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Introduction
Compared to other ASEAN nations, which have 
rates of  less than 5%, Indonesia and the Phil-
ippines have had relatively high rates of  pov-
erty incidence over the past ten years, ranging 
from 6 to 9% annually (Miar & Yunani, 2020). 
Economic theory and social interaction-based 

economic and social variables have been 
the  main research topics on  poverty in  these 
nations. It  is crucial to  remember that Indone-
sia and the  Philippines are archipelagos with 
distinctive characteristics that may impact pov-
erty differently than in other ASEAN countries 
(Aji, 2022).
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Indonesia, specifically, has regional eco-
nomic disparities, leading to  distinct charac-
teristics of  poverty in  each region (Hidayah 
et  al., 2023; Miar & Yunani, 2020). Generally, 
poverty in Java is lower than in other islands, 
but in  terms of numbers, there are more poor 
people in Java than in other islands. As a result, 
poverty alleviation strategies in  Indonesia are 
often implemented at  the  macro and micro 
levels but rarely consider spatial factors (Ardi 
& Isnayanti, 2020; Suryahadi et al., 2020).

Several studies have found that effective 
poverty reduction policies in Indonesia include 
macroeconomic policies, targeted social assis-
tance, and spatial policies (Hasan, 2021; Pri-
manto et  al., 2021). However, spatial aspects 
should be more noticed in  poverty alleviation 
strategies, which can hinder their effectiveness 
in  regions with diverse poverty characteristics 
(Aji, 2022; Miar & Yunani, 2020).

This research is based on the  vicious 
cycle of poverty theory. The theory states that 
the occurrence of poverty is caused by human 
backwardness and natural resources (Addae-
Korankye, 2019; De Bruijn & Antonides, 2022). 
which means that poverty is not caused only by 
the  community itself, but has links with other 
resources that influence each other (Brady, 
2019; Tehubijuluw et  al., 2021). In  this study, 
the  theory of  the  vicious circle of  poverty still 
needs attention from the whole community and 
the government, because Indonesia is commit-
ted to alleviating poverty (De Bruijn & Antonides, 
2022; Soegoto et al., 2022). Proven from year 
to  year, the  number of  poverties can be re-
duced. This is also proven macro-economically 
that the Indonesian people are able to rise from 
poverty through various strategies offered by 
the government, namely SMEs, agriculture, hu-
man resource capacity building and a number 
of other poverty management strategies (Brady, 
2019; Tehubijuluw et al., 2021).

Given the  importance of  spatial factors 
in  poverty alleviation, this study aims to  in-
vestigate the  significance of  spatial aspects 
in  reducing poverty in  Indonesia, particularly 
in Java (Purwono et al., 2021; Suryahadi et al., 
2020). The  policy contribution of  this research 
is to  provide support for making better regula-
tions to  increase government and community 
efforts to continue to eradicate poverty (Hasan, 
2021). Empirical contributions are directed 
to  the concept of poverty alleviation strategies, 
and improvement of  access to  consumption 

of  social services (education, health and nu-
trition) (Suryahadi et  al., 2020). Expanding 
the scope and quality of basic services requires 
capital investment, which will ultimately increase 
the  productivity of  the  poor. At  the  same time, 
these services will satisfy the basic consumption 
needs of the poor. Basic services such as clean 
water, garbage disposal, housing and others (Ardi 
&  Isnayanti, 2020). Furthermore, the  theoretical 
contribution is aimed at the circle of poverty theo-
ry, which states that poverty is caused by human 
backwardness and natural resources (Hidayah 
et al., 2024). Management of natural resources is 
highly dependent on human productive capacity 
(Soegoto et al., 2022; Tehubijuluw et al., 2021). 
All transactions in banking can now be accessed 
via Internet banking without being limited by place 
or time; in other words, through Internet banking, 
any form of transaction can be done quickly and 
easily. Internet banking has become a significant 
concern and a  revolutionary strategic weapon 
for bank operations, delivery, and competition 
between banks (Candrawati & Widiastuti, 2024). 
If  the  population is poor and their education is 
low, it will result in  a  scarcity of  technical skills, 
knowledge and entrepreneurial activities, which 
will automatically cause the  available natural 
resources to be neglected, underdeveloped and 
even misused (Miar &  Yunani, 2020; Purwono 
et al., 2021).

1	 Theoretical background
1.1	 Vicius circle of poverty theory
The occurrence of poverty is caused by back-
wardness of  human and natural resources. 
Management of  natural resources is highly 
dependent on human productive capacity (Pri-
yangga & Yasyfi, 2020). If the population is poor 
and their education is low, it will result in a scar-
city of technical skills, knowledge and entrepre-
neurial activities, which will automatically cause 
the available natural resources to be neglected, 
underdeveloped and even misused (Konovalo-
va, 2022). On the other hand, the lack of natural 
resources will lead to poverty, because natural 
resources are the main source of needs in hu-
man life (Dubovik, 2022). Poverty of natural re-
sources is both a cause and a result of human 
poverty (Pang et al., 2022). The agricultural and 
human development sectors play an important 
role in  the  economic development of  poverty 
reduction in  Indonesia (Elisha &  Felix, 2021). 
Aspects of  human and agricultural develop
ment have contributed significantly to  poverty 
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reduction, especially in rural areas. The biggest 
contribution to  increasing rural income and 
reducing poverty in  rural areas resulted from 
the  technological revolution in  rice farming, 
including irrigation development (Cheng et al., 
2019; Dubovik, 2022; Konovalova, 2022).

1.2	 Poverty in Indonesia
Studies on poverty subjects from 2008 to 2021 
can be plotted using a  bibliometric method 
based on the  ScienceDirect database. Early 
research on poverty concentrated on rural pov-
erty (Alamanda, 2020). Still, by  2008, the  fo-
cus had switched to  urban poverty, according 
to  an  examination of  the  network of  themes 
connected to poverty from earlier studies (Ala-
manda, 2020; Sambodo &  Novandra, 2019). 
Around 2012, studies expanded to cover more 
significant issues like poverty alleviation or re-
duction (Santika et al., 2021). The focus turned 
to fuel poverty, spatial variance, and neighbor-
hood poverty in  2014. Recent studies have 
mainly dealt with the spatial analysis of poverty, 
emphasizing energy poverty (Zhu et al., 2021). 
Asset management is an essential element that 
forms the basis for preparing regional govern-
ment balance sheets. Therefore, its manage-
ment must be carried out in  an  orderly and 
systematic manner (Mokoginta et al., 2024).

Spatial analysis is similar to regional analy-
sis, but it is distinguished by its focus on specific 
coordinates and their interactions and relation-
ships. It  also  ranges from physical distance 
to economic and social distance (Haini, 2020). 
In  Indonesia, regional analysis plays a crucial 
role in understanding the dynamics of various 
regional development issues due to differences 
in  geographical conditions, natural resources, 
demographics, and regional autonomy sys-
tems. However, it is distinct from spatial analy-
sis (Li et al., 2022; Zhu et al., 2021).

Development issues such as poverty must 
be approached with a  more comprehensive 
perspective. Qin and Zhang (2022) classify 
the root causes of poverty into two factors: eco-
nomic and spatial. Compensation is all income 
from money, goods, or indirect income that em-
ployees receive in return for services rendered. 
Usually, employees will cheat because of  dis-
satisfaction or disappointment with the  results 
of the compensation they receive for what has 
been done (Dewi et al., 2024). Economic fac-
tors are related to  household and community 
capacity to access economic opportunities and 

improve welfare, including improvements in ed-
ucation and health, changes in  employment 
type and status, reductions in the number of de-
pendents, and increases in  asset ownership 
(Li et al., 2022; Sambodo & Novandra, 2019).

In  contrast to  economic factors, spatial 
factors can significantly impact poverty due 
to the condition and physical position of regions 
(Alamanda, 2020). The  fixed position of  a  re-
gion can provide opportunities for basic infra-
structure, management of  natural resources, 
and critical land to  be developed, which can 
mitigate the effects of natural disasters in isolat-
ed areas (Hasan, 2021; Miar & Yunani, 2020). 
However, limited resources and geographical 
barriers can also create natural poverty, which 
leads to  low productivity among local popula-
tions. The position of a region also determines 
the degree of access, level of interrelation, and 
interaction among regions. Physical distance 
is a primary factor in spatial analysis, with lon-
ger distances leading to higher costs in  terms 
of time and money (Aji, 2022; Ardi & Isnayanti, 
2020; Sambodo & Novandra, 2019).

Furthermore, interaction with neighboring 
regions is believed to  contribute to  poverty. 
Some researchers argue that regional growth 
is not only dependent on the ability of regions 
to increase their production activities and labor 
and capital mobility among regions in  terms 
of differences in wages and returns on regional 
investment (Haini, 2020; Santika et  al., 2021; 
Zhu et  al., 2021). Transportation is the  main 
instrument used to  facilitate mobility among 
regions (Sambodo &  Novandra, 2019). Many 
studies have investigated the  impact of  trans-
portation on spatial analysis. Zhu et al. (2021) 
argue that transportation enables the  mobility 
of resources among regions, creating economic 
value for growth and welfare. Li  et  al. (2022) 
add an  interregional income model, where 
the role of government, both in terms of income 
and expenditure, is considered an endogenous 
factor that fluctuates based on  trade activities 
among regions. Poverty among regions can 
occur when the  mobility of  these elements is 
hindered in  certain areas, thereby threatening 
the surrounding area (Qin & Zhang, 2022).

Regions that undertake the  development 
of a base sector can positively and negatively 
impact the  surrounding area (Z.  Wang et  al., 
2023). Positive effects include the development 
and creation of  new jobs through the  transfer 
of  physical resources and innovation and 



352026, volume 29, issue 2, pp. 32–44, DOI: 10.15240/tul/001/2026-2-003

Economics

knowledge. Economic expansion positively 
and significantly reduces poverty. It means that 
if economic growth increases, poverty also  in-
creases (Jayawarsa et  al., 2023). However, 
some areas may lose potential resources and 
investment, which can cumulatively make these 
areas poorer. Thus, spatial interaction can be 
either mutualistic or parasitic (Xu et al., 2022).

2	 Research methodology
This study utilized data collected from the Cen-
tral Bureau of  Statistics (BPS) to  analyze 
the  impact of spatial factors on poverty decline 
in the districts of Java (Addae-Korankye, 2019; 
Brady, 2019). The  data covered 2010 to  2022 
and included 117  districts except Kepulauan 
Seribu. In  order to  determine the  influence 
of spatial factors on poverty reduction in  these 
districts, spatial statistics were applied, precisely 
Moran’s  I  test on  response and predictor vari-
ables (Aji, 2022; Miar & Yunani, 2020). 

The  study followed a  specific process 
to conduct this analysis. Firstly, the model was 
constructed based on the  theoretical founda-
tion, which involved a  comprehensive review 
of relevant theories and literature to identify key 
variables essential for understanding poverty 
dynamics within Java’s districts. The theoretical 
foundation guided the  selection of  appropriate 
variables such as economic growth (ECO = X1), 
industry sector (IND = X2), inflation (INFL = X3), 
education spending (EDU = X4), health spend-
ing (HEA  =  X5), and infrastructure spending 
(IFST = X6), which are known to have a significant 
impact on poverty alleviation (POV = Y). Thus, 
the basic model was formulated as follows.

�POVit = β0i + β1iECOit + β2iINDit + 
+ β3iINFLit + β4iEDUit + β5iHEAit + 
+ β6iIFSTit + Eit	

(1)

Which can be explained:

�Yit = β0i + β1iX1it + β2iX2it + β3iX3it + 
+ β4iX4it + β5iX5it + β6iX6it + Eit	

(2)

Or in matrix form:

Pt = A + XtB + Et	 (3)
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(4b)

Secondly, a  crucial step involved the  cre-
ation of  a  spatial weight matrix, which served 
as  a  fundamental component in  the  spatial 
analysis, enabling the  quantification of  spatial 
relationships between different geographic 
units. Several alternatives for constructing 
the  weight matrix were considered, including 
exploring different distance metrics, neighbor 
definitions, and weighting schemes to  ensure 
the  most appropriate representation of  spatial 
relationships within the analysis. In the second 
step, the  author builds the  spatial weighting 
(W) by applying relative to total transport costs 
among districts. The  higher the  relative cost, 
the lower the spatial weight. The complete spa-
tial weight can be written in matrix W as follows.

 

𝑊𝑊 =  [
𝑊𝑊11
𝑊𝑊21
⋮

𝑊𝑊𝐾𝐾1

 𝑊𝑊12
 𝑊𝑊22

 ⋮
  𝑊𝑊𝐾𝐾2

 …
 …
 ⋱
 …

  𝑊𝑊1𝐾𝐾
  𝑊𝑊2𝐾𝐾

  ⋮
   𝑊𝑊𝐾𝐾𝐾𝐾

] 

	

(5)

where: W –  the  spatial weight for a  district 
to  district; i  and  j  –  district identity; K  =  177 
(the  number of  districts used in  this study); 
L = 6 (the number of independent variables).

The third step is performed to build specific 
spatial econometric panel data. Four models 
can be investigated.

1.	 Spatial lag model (SAR)
Pt = A + λWPt + XtB + Et	 (6)

2.	 Spatial error model (SEM)
Pt = A + XtB + Et
Et = λWEt−1 + υt	

(7)

3.	 Spatial Durbin model (SDM)
Pt = A + λWPt−1 + WXtB + Et	 (8)

4.	 Spatial Durbin error model (SDEM)
Pt = A + λWPt−1 + WXtB + Et
Et = λWEt−1 + υt	

(9)

Next, a spatial-specific model was decided. 
This decision was informed by the  unique 
characteristics of the dataset and the research 
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objectives, aiming to  capture the  spatial 
dependencies and autocorrelation inherent 
in  the  poverty data of  Java’s districts. Not 
necessarily that all models have to bring about 
the same results. Choosing the best or appro-
priate model is the  most important step in  in-
vestigating the  magnitude of  spatial spillover 
from various regional conditions, such as  re-
gional economic concentration and elements 
of government policy.

Finally, the  model was computed using 
data collected and analyzed with R  software, 
a  powerful programming language and envi-
ronment for statistical computing and graph-
ics. Utilizing R  software enabled efficient 
processing of  the  collected data, implementa-
tion of the chosen spatial model, and derivation 
of meaningful insights into the spatial patterns 
and drivers of poverty decline within Java’s dis-
tricts. Panel data testing was performed using 
the  Chow and Hausman tests to  characterize 
the analyzed data (Saputra et al., 2023).

3	 Results and discussion
3.1	 Poverty line in Java Island, Indonesia
The  Central Statistics Agency records that 
there are around 26.5 million poor people in In-
donesia. The province on Java Island that has 
the highest poverty line per capita in Septem-
ber 2021 is DKI Jakarta, which is IDR 715,052 
(45  USD/capita/month). After that, there is 

Banten with a  poverty line of  IDR  547,483 
(34 USD/capita/month) and DI  Yogyakarta 
IDR  496,904 (31  USD/capita/month). Mean
while, the  poverty line in  East Java is IDR 
445,139 (28 USD/capita/month), West Java is 
IDR 437,604 (27 USD/capita/month), and Cen-
tral Java is IDR 423,264 (26 USD/capita/month) 
according to Primanto et  al. (2021), Purwono 
et  al. (2021) and Soegoto et  al. (2022). This 
statement is shown in Fig. 1.

The  poverty line is the  minimum income 
level to  obtain a  decent standard of  living 
in an area. Residents with an average expen-
diture below the  poverty line are categorized 
as  poor (Ardi &  Isnayanti, 2020; Haini, 2020; 
Hasan, 2021).

3.2	 Spatial dependence test result
The  data provided summarizes the  results 
of  a  spatial dependence test, specifically 
a Moran’s I test. The test measures the spatial 
autocorrelation of  a  response variable (in  this 
case, poverty) and its predictor variables (hu-
man capital index, economic growth, industry 
sector, education spending, health spending, 
and infrastructure spending). This result is 
exactly what China experienced. China is one 
of the countries with the highest levels of pov-
erty and hunger in the world. High poverty and 
hunger in China are caused by several things, 
including large amounts of  urbanization, lack 

Fig. 1: Graph of poverty in Java

Source: own based on OECD (2021)
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3.3	 Results of estimated spatial models
The data provided results from a spatial depen-
dence test, which measures the  spatial auto-
correlations of  the response variable (poverty) 
and its predictor variables (human development 
index, economic growth, industry sector, educa-
tion spending, health spending, and infrastruc-
ture spending) (Setiawan, 2020; Q. Wang et al., 
2023). The  test findings indicate that there 
is a beneficial impact from one region to another 
but that there is potential for development in re-
gional integration because the correlation den-
sity is relatively low (Xu et al., 2022). The data 
also shows the results of some tested models, 
including the spatial autoregressive (SAR) and 
spatial durbin model (SDM) (Setiawan, 2020). 

The  models were compared to  a  fixed effect 
model with dummy provinces to  determine 
which provinces had the most effective efforts 
in  reducing poverty during the  study period 
(Sucipto et al., 2022).

With high adjusted R-squared values 
of  0.98, the  SAR and SDM models success-
fully account for a sizable portion of the varia-
tion in  poverty. The  intercept values for both 
models are also significant (at the 0.001 level). 
The  spatial autoregressive coefficient (ρ) for 
both models is also significant (at the 0.001 lev-
el), indicating a  strong spatial dependence 
in  the  data (Luwihono et  al., 2021; Q.  Wang 
et  al., 2023). The  coefficients for the  origi-
nal variables (human development index, 

of  education, difficulty accessing healthcare, 
agricultural lifestyle, Hukou System and migrant 
workers (Li et al., 2022; Qin & Zhang, 2022).

The  findings show a  positive spatial de-
pendency between regions, which means that 
the values of  the  response and predictor vari-
ables positively correlated with those of  their 
surrounding areas (Z. Wang et al., 2023; Zhu 
et  al., 2021). Although there is an opportunity 
for development in regional integration, the cor-
relation density is modest. If we compare these 
findings in  Indonesia with conditions in  other 
countries such as  China, this condition is like 
what happened in China, experiencing poverty 
and hunger, a  low human development index 
and a  level of health that has not yet reached 
rural areas. Based on  China’s geographical 

information system (GIS), poverty and hunger 
in  China mostly occur in  rural areas. There 
are 26 million people living in extreme poverty 
(Li et al., 2022; Xu et al., 2022).

Tab. 1 shows the  values and probabilities 
of the global Moran I test and the Moran test for 
poverty and each predictor variable. The  val-
ues of Moran’s I range from 0.16 to 0.25, and 
the  probabilities range from 0.01 to  0.001, 
which indicates that the  results are statisti-
cally significant at a significance level of 0.001 
(Saputra, 2021).

It  should be noted that these results were 
obtained using RStudio version  1.2.1335 
(2019) and processed by the author. It is essen-
tial to consider any limitations or assumptions 
made in the study in interpreting the results.

Value Probability
Global Moran 1 0.24 0.00
Moran test Poverty (Y) 0.25 0.00
Moran test predictors variable
Humam capital index (HDI) 0.16 0.00
Economy growth (ECO) 0.07 0.01
Industry sector (IND) 0.02 0.05
Education spending (EDU) 0.18 0.00
Health spending (HEA) 0.01 0.24
Infrastructure spending (INFL) 0.20 0.00

Source: own processed in Software RStudio version 1.2.1335 (2019)

Tab. 1: Spatial autocorrelation
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economic growth, industry sector, education 
spending, health spending, and infrastructure 
spending) show that human development in-
dex, education spending, and industry sector 
have a negative and significant relationship with 
poverty (at the 0.001 level) (Sara et al., 2023). 
In contrast, economic growth, health spending, 
and infrastructure spending have a negative but 
not significant relationship with poverty (Sapu-
tra et al., 2023).

The  coefficients for the  spatially lagged 
variables (Lag_of  industry sector and 
Lag_of  education spending) show that they 
have a  negative and significant relationship 
with poverty (at  the  0.05  level) (Setiawan, 
2020). The  coefficients for the  dummy prov-
inces (D1_Banten, D2_DKI, D3_WestJava, 

D4_Central Java, D5_EastJava) show that 
all provinces have a  negative and significant 
relationship with poverty (at  the  0.001  level). 
It  implies that these provinces have made 
practical efforts to  reduce poverty during 
the study period.

These results are in line with panel research 
in the European Union. Bosco and Poggi (2020) 
analyzed the relation between poverty dynam-
ics and observable and unobservable country 
factors using longitudinal 2008–2011 EU-SILC 
data for 26 European countries. They estimated 
a  three-level dynamic model. The  three levels 
considered were individual, time, and coun-
try. They included micro-level determinants 
of poverty, country-level variables, lagged pov-
erty, and initial conditions. They found evidence 

FE with dummy SAR SDM
Value Prob. Value Prob. Value Prob.

Adjusted R2 0.65 0.98 0.98

Intercept 62.93 0.00 22.86 0.00 26.73 0.05

Spatial autoregressive 0.61 0.00 0.57 0.04

Original variables
Human development 
index −0.60 0.00 −0.24 0.00 −0.27 0.05

Economic growth −0.04 0.05 −0.04 0.04 −0.04 0.02

Industry sector −0.04 0.00 −0.02 0.03 −0.02 0.05

Education spending −1.31 0.00 −0.63 0.05 −0.19 0.54

Health spending −1.16 0.17 −0.60 0.39 −0.69 0.33

Infrastructure spending −0.93 0.05 −0.00 0.99 0.42 0.36

Spatially lagged variables
Lag_of industry sector −0.05 0.05

Lag_of education 
spending −1.15 0.04

Dummy province
D1_Banten −13.10 0.01

D2_DKI −9.23 0.00

D3_WestJava −9.34 0.00

D4_CentralJava −5.20 0.01

D5_EastJava −7.10 0.00

Source: own processed on Software RStudio version 1.2.1335 (2019)

Tab. 2: Estimations outputs
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of genuine state dependence, as well as a role 
of  the  initial value of poverty. They also  found 
important evidence of unobserved heterogene-
ity across individuals.

Overall, the  data suggest a  strong spatial 
dependence on the poverty data and that cer-
tain variables, such as the human development 
index, education spending, the industry sector, 
and certain provinces, significantly reduce pov-
erty in the study region (Sambodo & Novandra, 
2019; Santika et al., 2021).

3.4	 Discussion
The  estimation results of  this study indicate 
that spatial factors significantly impact poverty 
on Java Island, with autoregressive spatial co-
efficients ranging from 0.57 to  0.61. Despite 
the  relatively low coefficients, the  effect is 
deemed to be accurate (Haini, 2020; Setiawan, 
2020). This leads the  author to  conclude that 
the  impact of  surrounding areas on  a  district/
city is indeed present. However, the  strength 
of the relationship is relatively tiny. If access be-
tween areas in the system were to be improved, 
the  impact size would likely be greater (Luwi-
hono et al., 2021; Sucipto et al., 2022).

Except for the  health spending variable, 
which is found to  have no significant impact 
in explaining poverty reduction, the study’s find-
ings also show that all variables in the models 
have the predicted signals. The signs of coef-
ficients for all variables are consistent across all 
specifications (Hafizh et al., 2020). The models 
consistently illustrate that the quality of human 
resources plays an  essential role in  reducing 
poverty, followed by the proportion of education 
spending and industrial activities as  the basis 
of the economy (Q. Wang et al., 2023; Z. Wang 
et al., 2023).

Based on  research findings, it  is similar 
to  what happened in  the  European Union. 
Giarda and Moroni (2018) exploited the  longi-
tudinal component of the 2009–2012 EU-SILC 
data for France, Italy, Spain, and the  UK 
to estimate the degree of poverty state depen-
dence. They estimated different specifications 
of  a  dynamic random effects probit model 
to  disentangle the  role of  regional disparities 
within countries. Their findings suggest that 
there is evidence of genuine state dependence 
in all of those countries. In comparative terms, 
when not accounting for regional disparities 
within countries the  degree of  poverty persis-
tence is highest in  Italy and lowest in  the UK. 

When regional effects are included, the degree 
of poverty persistence in  Italy drops, suggest-
ing that unlike other countries, in Italy regional 
disparities play an  important role in explaining 
poverty state dependence. The conditions that 
occur in  the European Union are also caused 
by  and have an  impact on  local government 
spending, so that handling is relatively slow and 
requires adequate solutions. The development 
of  the  banking industry has undergone sig-
nificant changes in  recent years, especially 
in  the  banking world in  Indonesia, which is 
increasingly crowded with Islamic banks, where 
operational activities are different from conven-
tional banks (Badawi et al., 2023).

Local government spending, such as spend-
ing on education and infrastructure, has various 
levels of  impact on  poverty. In  Java, educa-
tion spending is focused on efforts to achieve 
the success of the twelve-year compulsory edu-
cation program and non-formal education pro-
grams (Ardi &  Isnayanti, 2020). Research has 
shown that local government budget policies 
in  the  education sector are effective attempts 
at  investing in  human capital in  developing 
regions (Pang et  al., 2022). Through budget 
allocations in education programs, an increase 
in the quality and accessibility of society towards 
education is expected (Hasan, 2021). Several 
studies have shown that government spending 
in  various sectors positively impacts poverty 
reduction (Cheng et al., 2019). The World Bank 
found that spending on  infrastructure, educa-
tion and health, social protection, agriculture, 
rural development, and employment programs, 
respectively, are effective in  reducing pov-
erty (Alamanda, 2020). These findings support 
the  conclusion that local government spend-
ing significantly impacts poverty alleviation 
in  Indonesia (Elisha &  Felix, 2021). However, 
there are some notes derived from studies by 
the  World Bank that government spending 
on corruption, ineffective programs, and military 
and defense, respectively, can have a negative 
impact on poverty reduction (Haini, 2020; San-
tika et  al., 2021). This raises concerns about 
the effectiveness of local government spending 
in  Indonesia, where corruption and misman-
agement of  funds are prevalent issues (Dubo-
vik, 2022; Pang et  al., 2022; Zhou &  Huang, 
2023). In  line with these findings, regions with 
a  large allocation of  education spending tend 
to  have an  elevating human development in-
dex (Li et al., 2022). The aim of  the company 
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selling shares in the capital market is not only 
to  achieve an  optimal financial structure but 
what is more importantly, to increase the value 
of the company with the hope that the company 
will be able to provide welfare to  its investors, 
managers, and employees so that the company 
can raise a positive image towards its custom-
ers (Arisudhana, 2023). 

In  this study, spending on  infrastructure 
was found to be significant only in the fixed ef-
fect model with a  dummy province, measured 
by  spending on  public works, planning, and 
transportation (Qin &  Zhang, 2022). Infrastruc-
ture expenditure aims to  improve facilities and 
infrastructure supporting the  economic sector 
(Xu et al., 2022). The allocation of infrastructure 
spending in Java is expected to reduce poverty 
through the  construction of  facilities and infra-
structure in the form of tolls, electricity, and clean 
water to increase the productivity of the intercon-
nected areas (Sucipto et  al., 2022). According 
to  previous research, infrastructure spending 
can impact spillover by  creating labor and ad-
ditional investments to  reduce transportation 
costs (Luwihono et al., 2021). Furthermore, con-
nectivity among regions through infrastructure 
development encourages economic opportuni-
ties for the surrounding area and further reduces 
poverty (Hafizh et al., 2020).

The study also used an SDM model to ob-
tain  the  significance of  the  direct and indirect 
impacts of the independent variables, which in-
dicates that there is spatial interaction of the in-
dependent variables in  influencing the poverty 
level of  districts/cities in  Java (Sameti et  al., 
2022). The  direct effect is depicted by  an  im-
pact directly occurring in the area. In contrast, 
the indirect effect includes the spatial spillover 
or the  interaction of  the  area with the  region 
(Setiawan, 2020; Sucipto et al., 2022). The au-
thor found a positive spillover effect in poverty 
reduction through education spending and in-
dustrial activity at the local level (Hafizh et al., 
2020; Luwihono et  al., 2021). This finding is 
also  applicable in  regions with an  industrial 
base with spillover effects on poverty alleviation 
compared to  the  non-industrial base regions 
(Olilingo & Putra, 2020).

Research by  Stoeffler and Joseph (2020) 
points out that in  the  long run, education 
spending creates a positive externality for the 
surrounding area. Regions with more lavish ed-
ucation spending can attract workers with high 
skills and knowledge spillovers. Furthermore, 

it also encourages employment growth. Sameti 
et al. (2022) suggest that policymakers should 
pay much attention to  their neighbors before 
deciding how much to spend on public services 
and accelerating the industry sector. The study 
found that education spending has a significant 
impact on  poverty alleviation in  Indonesia, 
which is consistent with other studies that 
emphasized aspects of human capital, access 
to employment, and improved health outcomes 
(Olilingo & Putra, 2020).

The  benefits of  agglomeration, however, 
can also  exacerbate poverty through the  po-
larization of  regional growth centers. In  these 
instances, surrounding areas cannot take 
advantage of  the  demand generated by  in-
dustrial areas, leading to a decline in produc-
tivity and a  lack of  investment and capital for 
regional development (Li et al., 2022; Stoeffler 
&  Joseph, 2020; Sucipto et  al., 2022). This 
phenomenon is observed in East Java, where 
the development of  the  industrial sector tends 
to  have a  more significant negative impact 
on surrounding areas than a positive spread ef-
fect. The study found a tendency for investment 
flows to concentrate in the Surabaya, Sidoarjo, 
Pasuruan, and Mojokerto regions, as indicated 
by  an  increase in  the  minimum wage rate. 
As a result, surrounding areas experience less 
productivity and fewer improvements in  basic 
infrastructure, leading to  increased poverty 
(Hafizh et  al., 2020; Luwihono et  al., 2021; 
Sucipto et al., 2022). The benefits of agglom-
eration, such as improved economic efficiency, 
access to  employment, increased labor pro-
ductivity and wages, and increased provision 
of public goods and services, can lead to pov-
erty reduction. However, inadequate allocation 
of resources to rural areas, poor-quality public 
goods and services, increased inequality be-
tween rich and poor, poor infrastructure, and 
inflation can limit the benefits of agglomeration 
in  reducing poverty (Olilingo &  Putra, 2020; 
Stoeffler & Joseph, 2020; Z. Wang et al., 2023).

Furthermore, this finding is supported by 
the  significance of  the  local dummy variable, 
which highlights the differences in the effective-
ness of inter-provincial poverty reduction policies 
(Sameti et al., 2022; Setiawan, 2020). Provinc-
es such as Banten, DKI, and West Java have 
a  more significant potential to  quickly reduce 
poverty among regencies and cities, thanks 
to the positive impacts of industrial development 
and the  advantages of  agglomeration (Hafizh 
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et  al., 2020; Olilingo &  Putra, 2020). Pre-
cisely, industrial development in  these prov-
inces results in increased large-scale demand, 
the  growth of  new industries, and improved 
infrastructure in  the  form of  adequate water 
and electricity facilities. The cumulative process 
of these factors helps to encourage the spread 
of effects and reduce barriers to development, 
ultimately leading to  a  decrease in  poverty, 
particularly in  industry-based areas (Sameti 
et al., 2022; Stoeffler & Joseph, 2020; Sucipto 
et al., 2022).

Overall, the  general characteristic of  the 
studies reviewed is that they find evidence 
of  high rates of  poverty that still exist, espe-
cially in regions of Indonesia in direct proportion 
to  conditions in  Southern European countries 
and China, as well  as  the  role of  unobserved 
heterogeneity. However, these studies do  not 
investigate the evolution of poverty components 
over time. Given the importance of the phenom-
enon of poverty and its heterogeneity in Indone-
sia today, there is an important need to study its 
determinants and evolution over time.

Conclusions
Poverty is not only a  problem within a  region 
but also a problem that affects multiple regions. 
This study has aimed to explore the significance 
of  spatial factors in  poverty reduction efforts 
in Indonesia, particularly focusing on the region 
of  Java. By  addressing this objective, the  re-
search contributes to  the  formulation of  more 
effective poverty alleviation strategies, empha-
sizing the importance of spatial considerations 
in policymaking. This study provides evidence 
that poverty is a spatially dependent issue on 
the  island of Java. The analysis of macroeco-
nomic variables included in  the  model shows 
that changes in  these variables in  one region 
can impact poverty incidence in  surround-
ing areas (He,  2019). Additionally, the  study 
suggests that macroeconomic variables that 
significantly impact poverty in  a  specific re-
gion are the  development of  industrial sec-
tors and spending on  education. Increased 
development of  industrial sectors in surround-
ing areas of a district can lead to a significant 
reduction in  poverty within that district (Zhou 
& Huang, 2023). The same holds for spending 
on education.

The  spatial network parameters indicate 
that the impact of these variables is still relative-
ly small, but the effect is specific and accurate 

(Priyangga & Yasyfi, 2020). Based on the study’s 
results, several suggestions for addressing 
poverty in Java are provided. The government 
should improve the connections between differ-
ent areas (provinces, districts, and cities) to in-
crease access among regions (Konovalova, 
2022). The  stronger the  connections between 
regions, the more significant the impact on pov-
erty (Dubovik, 2022). Policy decisions should 
prioritize industrial development and spend-
ing on  education as  significant spatial impact 
variables. Public policy should achieve synergy 
between industrial and human development 
through education spending.

While the findings of the study provide valu-
able insights into  the spatial dynamics of pov-
erty and the effectiveness of poverty reduction 
efforts in Java Island, Indonesia, it is important 
to  interpret them with caution due to potential 
limitations. Unaccounted-for variables or  spa-
tial patterns could influence the  observed re-
lationships between poverty and its predictors. 
The  spatial models may not have captured 
all relevant factors shaping poverty dynamics 
in Java Island, such as cultural, historical, or in-
stitutional differences across regions (Sugiharti 
et al., 2022). Additionally, while significant rela-
tionships were found between certain predictor 
variables and poverty, correlation does not 
imply causation. The study’s focus on Java Is-
land may limit its generalizability to the broader 
context of  poverty dynamics in  Indonesia, 
as  different regions may face unique chal-
lenges. Moreover, reliance on secondary data 
sources introduces the possibility of limitations 
such as data quality and consistency over time. 
To improve future research, it is important to in-
clude a broader range of variables and consider 
regional differences within Indonesia. Using 
advanced methods, ensuring data quality, and 
engaging stakeholders can enhance the  reli-
ability and applicability of findings for informed 
poverty reduction efforts.

Acknowledgments: The  authors would like 
to thank all parties who supported this research. 
Professional support and assistance from all 
respected reviewers have made this article 
qualified to be published.

References
Addae-Korankye,  A. (2019). Theories of 

poverty: A  critical review. Journal of Poverty, 



42 2026, volume 29, issue 2, pp. 32–44, DOI: 10.15240/tul/001/2026-2-003

Economics

Investment and Development, 48(1), 55–62. 
https://doi.org/10.7176/JPID/48-08

Aji, Y.  I. T. (2022). The effect of village in-
come and gross regional domestic product on 
poverty in Indonesia. Jurnal Bina Praja. Journal 
of Home Affairs Governance, 14(2), 315–328. 
https://doi.org/10.21787/jbp.14.2022.315-328

Alamanda, A. (2020). The effect of govern-
ment expenditure on income inequality and 
poverty in Indonesia. Info Artha, 4(1), 1–11. 
https://doi.org/10.31092/jia.v4i1.614

Ardi, N. & Isnayanti. (2020). Structural equa-
tion modelling-partial least square to determine 
the correlation of factors affecting poverty in Indo-
nesian provinces. IOP Conference Series: Mate-
rials Science and Engineering, 846(1), 012054. 
https://doi.org/10.1088/1757-899x/846/1/012054

Arisudhana,  D. (2023). The  influence of 
some financial ratios, sales growth and debt ma-
turity on financial performance. Journal of Gov-
ernance, Taxation and Auditing, 2(2), 123–132. 
https://doi.org/10.38142/jogta.v2i2.915

Badawi,  A., Nugroho,  L., &  Hidayah,  N. 
(2023). Determinant factors of Islamic bank 
financial performance and competitive advan-
tage as moderating variables in Islamic banks 
in Indonesia. International Journal of Environ-
mental, Sustainability, and Social Science, 4(1), 
37–44. https://doi.org/10.38142/ijesss.v4i1.270

Bosco,  B., &  Poggi,  A. (2020). Middle 
class, government effectiveness and poverty 
in  the  EU: A  dynamic multilevel analysis. Re-
view of Income and Wealth, 66(1), 94–125. 
https://doi.org/10.1111/roiw.12403

Brady,  D. (2019). Theories of the causes 
of poverty. Annual Review of Sociology, 45(1), 
155–175. https://doi.org/10.1146/annurev-soc- 
073018-022550

Candrawati,  T., &  Widiastuti,  R. (2024). 
The  influence of perceived usefulness, per-
ceived ease of use, and perceived risk on the 
level of customer satisfaction in using internet 
banking (Study on deposit customers of Bank 
Syariah Indonesia Kcp Malang Kawi). Interna-
tional Journal of Environmental, Sustainability 
and Social Science, 5(1), 139–146. https://doi.
org/10.38142/ijesss.v5i1.984

Cheng, H., Dong, S., Li, F., Yang, Y., Li, Y., 
&  Li,  Z. (2019). A  circular economy system 
for breaking the development dilemma of 
‘ecological Fragility –  Economic poverty’ vi-
cious circle: A CEEPS-SD analysis. Journal of 
Cleaner Production, 212, 381–392. https://doi.
org/10.1016/j.jclepro.2018.12.014

De Bruijn,  E.-J., &  Antonides,  G. (2022). 
Poverty and economic decision making: A  re-
view of scarcity theory. Theory and Decision, 
92(1), 5–37. https://doi.org/10.1007/s11238- 
021-09802-7

Dewi, R. O. C., Saputra, K. A. K., & Pramar-
tha, I. M. A. (2024). The effect of internal control 
system, information asymmetry, and suitability 
of compensation on the tendency of accounting  
fraud (fraud) in Denpasar City (Opd). Journal 
of Governance, Taxation and Auditing, 2(4), 
246–252. https://doi.org/10.38142/jogta.v2i4.1014

Dubovik, M. V. (2022). The digital economy 
–  The  service economy for the poor or the 
poverty digitalization. In Business 4.0 as a sub-
ject of the digital economy (pp.  1119–1124). 
Springer International Publishing. https://doi.
org/10.1007/978-3-030-90324-4_185

Elisha, O. D., & Felix, M. J. (2021). Destruc-
tion of coastal ecosystems and the vicious 
cycle of poverty in Niger Delta Region. Journal 
of Global Agriculture and Ecology, 11(2), 7–24.

Giarda, E., & Moroni, G. (2018). The degree 
of poverty persistence and the role of regional  
disparities in Italy in comparison with France, 
Spain and the UK. Social Indicators Research, 
136(1), 163–202. https://doi.org/10.1007/s11205- 
16-1547-3

Hafizh,  M., Hidayah,  N., &  Silalahi,  P.  R. 
(2020). Macroeconomics and profit-sharing 
financing in Islamic banking in Indonesia: 
The  third parties fund as intervening. Jurnal 
Akuntansi Dan Keuangan Islam, 8(2), 131–147. 
https://doi.org/10.35836/jakis.v8i2.183

Haini,  H. (2020). Spatial spillover effects of 
public health and education expenditures on eco-
nomic growth: Evidence from China’s provinces. 
Post-Communist Economies, 32(8), 1111–1128. 
https://doi.org/10.1080/14631377.2020.1722586

Hasan,  Z. (2021). The  effect of economic 
growth and human development index on 
poverty in Indonesia. Journal of Economics 
and Sustainability, 3(1), 42–53. https://doi.
org/10.32890/jes2021.3.1.5

He,  X. (2019). Digital entrepreneurship 
solution to rural poverty: Theory, practice and 
policy implications. Journal of Developmental 
Entrepreneurship, 24(01), 1950004. https://doi.
org/10.1142/S1084946719500043

Hidayah,  N., Azhar,  Z., Setiany,  E., Uta-
mi, W., & Tarmidi, D. (2024). Business: Deter-
minants of erm quality and its impact. Business: 
Theory and Practice, 25(1), 11–23. https://doi.
org/10.3846/btp.2024.19302



432026, volume 29, issue 2, pp. 32–44, DOI: 10.15240/tul/001/2026-2-003

Economics

Hidayah, N., Hapsari, D. W., Adi, K., Sapu-
tra,  K., Ari,  N., Dharmawan,  S., &  Yadiati,  W. 
(2023). Can institutional good governance and 
intellectual capital affect university quality? In-
ternational Journal of Economics and Manage-
ment, 17(2), 251–261. https://doi.org/10.47836/
ijeam.17.2.07

Jayawarsa,  A.  A. K., Deswari,  P.  N. N., 
& Wulandari, I. G. A. (2023). Influence econom-
ic growth and percentage of the unemployed 
population to poverty in Indonesia 2016–2020. 
International Journal of Environmental, Sustain-
ability, and Social Science, 4(6), 1678–1683. 
https://doi.org/10.38142/ijesss.v4i6.892

Konovalova, Y. A. (2022). ‘New normal’: Ex-
ample of India. In E. G. Popkova & I. V. Andronova 
(Eds), Current Problems of the World Econo- 
my and International Trade (Vol. 42, pp. 115–123). 
Emerald Publishing Limited. https://doi.org/10. 
1108/S0190-128120220000042012

Li,  Y., Wang,  M., Liao,  G., &  Wang,  J. 
(2022). Spatial spillover effect and threshold 
effect of digital financial inclusion on farmers’ 
income growth –  Based on provincial data of 
China. Sustainability, 14(3), 1838. https://doi.
org/10.3390/su14031838

Luwihono, A., Suherman, B., Sembiring, D., 
Rasyid,  S., Kalbuana,  N., Saputro,  R., Pra-
setyo, B., Taryana, T., Suprihartini, Y., Asih, P., 
Mahfud,  Z., &  Rusdiyanto,  R. (2021). Mac-
roeconomic effect on stock price: Evidence 
from Indonesia. Accounting, 7(5), 1189–1202. 
https://doi.org/10.5267/j.ac.2021.2.019

Miar, M., & Yunani, A. (2020). The analysis 
of influence of the government expenditure on 
poverty in Indonesia. Jurnal Ekonomi Pemban-
gunan, 18(1), 91–102. https://doi.org/10.22219/
jep.v18i1.12770

Mokoginta, L. T., Warongan, J. D. L., & Pu-
sung, R. (2024). Analysis of treatment of fixed as-
sets based on government accounting standard 
statement No. 07 at the Likupang Timur District 
Office North Minahasa District. Journal of Gov-
ernance, Taxation and Auditing, 2(4), 229–238. 
https://doi.org/10.38142/jogta.v2i4.999

OECD. (2021). OECD economic surveys: 
Indonesia 2021. OECD Publishing. https://doi.
org/10.1787/fd7e6249-en

Olilingo, F. Z., & Putra, A. H. P. K. (2020). 
How Indonesia economics works: Correlation 
analysis of macroeconomics in 2010–2019. 
The Journal of Asian Finance, Economics and 
Business (JAFEB), 7(8), 117–130. https://doi.
org/10.13106/jafeb.2020.vol7.no8.117

Pang,  J., Jiao,  F., &  Zhang,  Y. (2022). 
An analysis of the impact of the digital economy 
on high-quality economic development in China 
– A  study based on the effects of supply and 
demand. Sustainability, 14(24), 16991. https://
doi.org/10.3390/su142416991

Primanto,  A., Tanjung,  A.  M., Situmor-
ang, M., Karim, A. M., Puspitasari, L., Purba, N., 
& Pramono, R. (2021). Inter-regional coopera-
tion in improving welfare and resolving poverty 
in Indonesia. Academy of Strategic Manage-
ment Journal, 20, 1–11.

Priyangga, M. R. Y., & Yasyfi, M. H. (2020). 
Quo vadis Kebijakan: Analisa Vicious Circle of 
Poverty Nelayan Tradisional akibat Kebijakan 
PSBB [Quo vadis policy: Analysis of the vicious 
circle of poverty of traditional fishermen due to 
the large-scale social restrictions (PSBB) poli-
cy]. NeoRespublica: Jurnal Ilmu Pemerintahan, 
2(1), 37–55 (in Indonesian).

Purwono, R., Wardana, W. W., Haryanto, T., 
& Khoerul Mubin, M. (2021). Poverty dynamics 
in Indonesia: Empirical evidence from three 
main approaches. World Development Per-
spectives, 23, 100346. https://doi.org/10.1016/ 
j.wdp.2021.100346

Qin, C., & Zhang, W. (2022). Green, poverty 
reduction and spatial spillover: An analysis from 
21 provinces of China. Environment, Develop
ment and Sustainability, 24(12), 13610–13629.  
https://doi.org/10.1007/s10668-021-02003-w

Sambodo,  M.  T., &  Novandra,  R. (2019). 
The state of energy poverty in Indonesia and its 
impact on welfare. Energy Policy, 132, 113–121. 
https://doi.org/10.1016/j.enpol.2019.05.029

Sameti,  M., Esfahani,  R.  D., &  Haghighi, 
H. K. (2022). Theories of poverty: A compara-
tive analysis. Arabian Journal of Business and 
Management Review (Kuwait Chapter), 1(6), 
45–56.

Santika,  T., Wilson,  K.  A., Law,  E.  A., 
St John,  F.  A. V., Carlson,  K.  M., Gibbs,  H., 
Morgans,  C.  L., Ancrenaz,  M., Meijaard,  E., 
&  Struebig,  M.  J. (2021). Impact of palm oil 
sustainability certification on village well-being 
and poverty in Indonesia. Nature Sustainability, 
4(2), 109–119. https://doi.org/10.1038/s41893- 
020-00630-1

Saputra,  K.  A. K. (2021). The  effect of 
sound governance and public finance manage-
ment on the performance of local governments. 
Russian Journal of Agricultural and Socio-
Economic Sciences, 118(10), 32–43. https://
doi.org/10.18551/rjoas.2021-10.04



44 2026, volume 29, issue 2, pp. 32–44, DOI: 10.15240/tul/001/2026-2-003

Economics

Saputra,  K.  A. K., Subroto,  B., Rah-
man, A. F., & Saraswati, E. (2023). Mediation 
role of environmental management accounting 
on the effect of green competitive advantage on 
sustainable performance. Journal of Sustainabil-
ity Science and Management, 18(2), 103–115.  
https://doi.org/10.46754/jssm.2023.02.008

Sara, I. M., Udayana Putra, I. B., Kurniawan 
Saputra, K. A., & Jaya Utama, I. W. K. (2023). 
Financial literacy, morality, and organizational 
culture in preventing financial mismanagement: 
A  study on village governments in Indonesia. 
Cogent Business & Management, 10(1), 1–15. 
https://doi.org/10.1080/23311975.2023.2166038

Setiawan, S. A. (2020). Does macroeconomic 
condition matter for stock market? Evidence of In-
donesia stock market performance for 21 years. 
Jurnal Perencanaan Pembangunan: The  Indo-
nesian Journal of Development Planning, 4(1), 
27–39. https://doi.org/10.36574/jpp.v4i1.105

Soegoto, H., Soegoto, S. W., & Meyer, D. F. 
(2022). The role of domestic investment, foreign 
investment and the number of micro small and 
medium-sized enterprises to reduce poverty in 
Indonesia. Journal of Eastern European and Cen-
tral Asian Research (JEECAR), 9(5), 901–913. 
https://doi.org/10.15549/jeecar.v9i5.1072

Stoeffler, S. W., & Joseph, R. (2020). Etiol-
ogy of poverty: A critical evaluation of two major 
theories. The Journal of Sociology & Social Wel-
fare, 47(1), 73. https://doi.org/10.15453/0191- 
5096.4269

Sucipto, B., Yusuf, M., & Mulyati, Y. (2022). 
Performance, macro economic factors, and 
company characteristics in Indonesia consum-
er goods company. Riwayat: Educational Jour-
nal of History and Humanities, 5(2), 421–428. 
https://doi.org/10.24815/jr.v5i2.28877

Sugiharti, L., Purwono, R., Esquivias, M. A., 
& Jayanti, A. D. (2022). Poverty dynamics in In-
donesia: The prevalence and causes of chronic 
poverty. Journal of Population and Social Stud-
ies, 30, 423–447. https://doi.org/10.25133/
JPSSv302022.025

Suryahadi,  A., Al Izzati,  R., &  Sury-
adarma,  D. (2020). Estimating the impact of 
COVID-19 on poverty in Indonesia. Bulletin of 
Indonesian Economic Studies, 56(2), 175–192. 
https://doi.org/10.1080/00074918.2020.17793
90

Tehubijuluw,  Z., Yusriadi,  Y., Firman,  H., 
& Rianti, M. (2021). Poverty alleviation through 
entrepreneurship. Journal of Legal, Ethical and 
Regulatory Issues, 24(1S), 1.

Wang,  Q., Guo,  J., Li,  R., Mikhaylov,  A., 
&  Moiseev,  N. (2023). Does technical assis-
tance alleviate energy poverty in sub-Saharan 
African countries? A new perspective on spatial 
spillover effects of technical assistance. En-
ergy Strategy Reviews, 45, 101047. https://doi.
org/10.1016/j.esr.2022.101047

Wang,  Z., Ma,  D., Zhang,  J., Wang,  Y., 
& Sun, D. (2023). Does urbanization have spatial 
spillover effect on poverty reduction: Empirical 
evidence from rural China. Economic Research-
Ekonomska Istraživanja, 36(1), 2167730. 
https://doi.org/10.1080/1331677X.2023. 
2167730

Xu,  G., Zhao, T., &  Wang,  R. (2022). Re-
search on the efficiency measurement and 
spatial spillover effect of China’s regional 
e-commerce poverty alleviation from the per-
spective of sustainable development. Sustain-
ability, 14(14), 8456. https://doi.org/10.3390/
su14148456

Zhou, Y., & Huang, H. (2023). Geo-environ-
mental and socioeconomic determinants of pov-
erty in China: An empirical analysis based on 
stratified poverty theory. Environmental Science 
and Pollution Research, 30(9), 23836–23850. 
https://doi.org/10.1007/s11356-022-23839-3

Zhu,  X., Chen,  X., Cai,  J., Balezentis, A., 
Hu,  R., &  Streimikiene,  D. (2021). Rural fi-
nancial development, spatial spillover, and 
poverty reduction: Evidence from China. 
Economic Research-Ekonomska Istraživanja, 
34(1), 3421–3439. https://doi.org/10.1080/ 
1331677X.2021.1875859



452026, volume 29, issue 2, pp. 45–60, DOI: 10.15240/tul/001/2025-5-025

Business Administration and Management

Changing times, changing drives: 
Entrepreneurial motivation across generations 
Dominik Salat1, Jarmila Duhacek Sebestova2

1	 Silesian University in Opava, School of Business Administration in Karvina, Department of Business Economics and 
Management, Czech Republic, ORCID: 0009-0003-0788-9308, salat@opf.slu.cz;

2	 Silesian University in Opava, School of Business Administration in Karvina, Department of Business Economics and 
Management, Czech Republic, ORCID: 0000-0002-7493-0759, sebestova@opf.slu.cz (corresponding author).

Abstract: Entrepreneurs from generation to  generation play a  significant role in  the  business 
environment. Understanding this issue, especially by  policymakers, is  crucial for development. 
Misunderstanding or  lack of  interest often leads to  inaction or  incorrect decisions, creating 
barriers for current and potential entrepreneurs. Each  generation evolves in  its own era, and 
over time, each will fade and be replaced by a new, undefined generation. Policymakers would 
be interested in  understanding these changes and providing targeted support for the  needs 
of different generations, together with removing barriers that arise over time. This paper explores 
the differences in entrepreneurial motivation. As times change, entrepreneurs must adapt, leading 
to  shifts in  behaviour and personality. The  study examines motivations for starting businesses 
across generations, considering variables such as business field, experience, age, sales, and type. 
Primary research in 446 business entities using the CAWI (computer assisted web interviewing) 
method tested generational differences in  business motivation and participation. The  statistical 
method, Cramer’s V, identified interrelationships between variables. Four hypotheses were tested, 
revealing an  influence between necessity motivation and financial results, and a  significant tie 
between generation type and company establishment. These findings could increase interest in this 
topic, which is expected to revive interest among researchers and policymakers. Simultaneously, 
the  output increases awareness of  this issue and brings knowledge to  improve the  quality 
of business conditions for all generations.

Keywords: Motivation, personality, behaviour, generational differences, entrepreneurship.

JEL Classification: L26, M21.

APA Style Citation: Salat, D., & Duhacek Sebestova, J. (2026). Changing times, changing 
drives: Entrepreneurial motivation across generations. E&M  Economics and Management, 
29(2), 45–60. https://doi.org/10.15240/tul/001/2025-5-025

Early Access Publication Date: December 16, 2025.

Introduction
For  national economies, both entrepreneurs 
and labour are equally important. Conse-
quently, the  best practice for entrepreneurs is 
to  increase investment in  innovative activities 
that generate added value, and for their em-
ployees to work more effectively to help the na-
tional economy become much more efficient 
(Ensari, 2017). Entrepreneurship is among 

the most discussed topics of  the  last decade. 
More dynamic and progressive entrepreneurs, 
according to Zachary and Mishra (2011), could 
offer a  directional path for economic vitality. 
Currently, a wide variety of  forms of entrepre-
neurial behaviour can be identified, created by 
the  activities of  individuals pursuing multiple 
entrepreneurial opportunities. Douglas et  al. 
(2021) have attempted to solve this challenge 
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by  classifying entrepreneurs into types, which 
are then investigated in  models focused 
on  extracting the  intensity of  entrepreneurial 
intention for a specific type or a hybrid mixture 
of  types. A  growing body of  research (Baron, 
2006; Rauch & Frese, 2007; Welpe et al., 2012) 
on social cognitive pathways (e.g., self-efficacy 
and fear of failure) has contributed to the under-
standing of the determinants of entrepreneurial 
behaviour. Despite all  these efforts, Murnieks 
et  al. (2014) argue that previous findings on 
the  uniqueness of  entrepreneurial psychology 
are usually inconsistent and produce poor, of-
ten inconsistent, or even null outcomes. Despite 
all  the efforts to develop educational schemes 
and activities to promote entrepreneurship and 
support ecosystem growth, it  is questionable, 
in  the  words of  Shymko and Khoury (2023), 
if  they will really bring significant transforma-
tion and motivate individuals to  take up entre-
preneurship as a viable career. Understanding 
these drivers helps the  research community 
to address the complexity of entrepreneurship.
Each  individual is unique and changes along 
with the  environment in  which they are lo-
cated. For  example, the  era of  digitalisation 
has significantly impacted the  new entrepre-
neurial generation and enabled new methods 
of  conducting business that were previously 
unknown. The  aim of  this paper is to  explore 
the  differences in  entrepreneurial motivation 
across various generations of  entrepreneurs. 
This paper presents a cross-generational view 
of  entrepreneurs and addresses the  following 
research questions:

RQ1: Do  entrepreneurial behaviours differ 
across generations? 

RQ2: Do  environment and time affect 
entrepreneurial motivation?

RQ3: Are optimal conditions created for 
entrepreneurs of all generations?

This research will offer a  timely insight 
into this issue, as  changing  times neces-
sitate adaptation by  many entrepreneurs, 
potentially leading to  a  behavioural shift and 
personality development.

1	 Theoretical background 
Generational differences have become a cen-
tral issue in  the  mainstream press, business 
literature, scholarly conferences, and work-
shops, as  noted by  Oh  and Reeves (2011). 
This is partly due to  the  lack of  standardised 

terminology used to  describe generations, 
resulting in  researchers creating a  variety 
of  proprietary terms for each generation. An-
other reason is the inconsistent range of years 
defining each generation. Ensari (2017) traced 
the  formation of  generational theory in  entre-
preneurship issues back to  the  1950s. Based 
on  this theory, every new generation has di-
vergent working habits. Hence, it  is deducted 
that people born and raised in  the  same pe-
riod were also influenced by similar economic, 
technological, and political trends and there-
fore exhibit mutual parallels. These premises 
in  generational theory lead to  the  emergence 
of  generational cohorts (Arkorful et  al., 2025; 
Esteves et  al., 2024). For  example, Stillman 
and Stillman (2017) categorised generations 
and assigned specific general attributes as fol-
lows: (i) Traditionalists (born pre-1946), known 
as  “The  Silent Generation,” individuals born 
in this period prioritised traditional ideals of loy-
alty and patriotism. They were unlikely to chal-
lenge authority at work or freely share personal 
information or  emotions; (ii) Baby Boomers 
(born 1946–1964), also  known as  the  “Me 
Generation,” they pursued the American dream 
presented to  them. They advocate for ideal-
ism, fair rights, and equal opportunities. They 
often challenge the establishment and are more 
open to dialogue than previous generations; (iii) 
Generation  X (born 1965–1979), named after 
the mathematical variable “X” due to being over-
shadowed by the  Baby Boomers during their 
formative years. This generation has the  least 
definable attributes compared to  the  adjacent 
generations. Individuals in  this cohort were 
raised during a period of  societal value trans-
formation. For  this generation, there is  a  per-
ceived balance between the quantity and quality 
of  time devoted to parenthood; (iv) Millennials 
(also known as Generation Y, born 1980–1994). 
They were raised in a world of economic growth 
and have never experienced a  period without 
digitalisation. They are often characterised 
as  the  first generation of  children with struc-
tured schedules. Their parents encouraged 
them to  make shared decisions in  the  home. 
They are achieving higher educational attain-
ment compared to earlier generations.

Generation Z (born 1995–2012). This gen-
eration represents up to 25% of  the American 
population, outnumbering Baby Boomers and 
Millennials. The majority of this generation are 
descendants of Generation X, with some being 
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children of  Millennials. They are in  harmony 
with the physical and digital environment. They 
were born and raised after  9/11 and through 
the  recession. Increasing global terrorism and 
insecurity have become a normal aspect of daily 
life. Csobanka (2016) also describes the Alpha 
generation (beginning in 2013) as materialistic. 
The differences between these generations are 
illustrated in Tab. 1.

One factor, a relatively small variable, that 
usually differentiates generations is the  year 
of birth, according to Bejtkovsky (2016). More 
importantly, he  suggests the  formulation 
of generations is better defined by the histori-
cal events they have lived through rather than 
by chronological periods. With increasing age, 
individuals change gradually, experiencing 
a  change in  social role or  social status. They 
lose physical strength, which contributes 
to  a  decline in  economic strength. Gradually, 
they begin to consider retirement and to realise 
the  length of  their life. Seki et  al. (2022) sug-
gest that these age-related changes in  older 
people shape their unique personality traits. 
In  this context, Baltes et  al. (1997) identified 

three evolutionary pathways that highlight two 
critical points in the life cycle where individuals 
are susceptible to environmental imprinting.

Firstly, the  evolutionary pathway sug-
gests that biological plasticity and the ability 
to respond to important environmental signals 
decrease with age. This assertion is based 
on  existing knowledge of  DNA-conditioned 
changes in  age-specific expression, which 
demonstrate a reduction in the ability of natu-
ral selection to  operate with increasing age 
(Martin et  al., 1996). According to  these 
findings, individuals are more prone to  en-
vironmental influences in  infancy. Biological 
adaptability reaches its maximum as  a  re-
sult of  differences in  the  genes in  response 
to  environmental conditions. These changes 
are phenotypical because they transform 
the  way a  gene is normally expressed and 
do  not result in  a  corresponding alteration 
of the genotype alone.

Secondly, according to Baltes et al. (1999), 
the  cultural pathway suggests that increasing 
age influences the need for resources (psycho-
logical, social, material, and knowledge, such 

Criteria
Silent Generation Baby Boomers Generation X Generation Y Generation Z

1920–1945 1946–1964 1965–1979 1980–1994 1995–2012

Job participation Majority is retired

Some of them are 
in the declining stage 
of their career, some 

of them in the late 
stage of their career, 

some of them 
are retired

Most of them  
at mid- career and 
late career stages

Most of them 
at the the mid-

career stage, some 
at establishment 

stage of their 
employment cycle

The majority is 
student, and a part 
of it is at exploration 

stage

Job perspectives
Working for a lifetime 

employment and 
safety

Living to work Working to live Balance of work 
and life

Flexible lives  
Flexible works

Working life The job is important 
for the needs Workaholic Work-life balance is 

important
Putting some fun 

in the work Not known clearly yet

Authority Loyal Loyal Questions 
the authority Rejects the authority Find the authority 

unnecessary

Working hours Works long hours Works long hours Wants to work with 
flexible working hours

Wants flexible 
working hours Not known clearly yet

The reward 
expectation from 

the workplace
Financial security Lifetime employment

Intangible subjects 
increase the job 

satisfaction

Job changing habits 
are high

Advancement 
is important

Technology Weak in technology Weak in technology
The use of technology 

and the internet 
is good

Born in technology 
and the internet

Born in technology 
and the internet

Source: Ensari (2017)

Tab. 1: Generations and differences of individuals in each generation
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as  technology and economics), as  the  bio-
logical ability to  adapt to  the  characteristics 
of the environment declines.

Finally, the  third aspect, also a  cultural 
pathway, notes the  diminishing effectiveness 
of  culture with increasing seniority. Taken 
together, these cultural pathways reflect an 
expanding requirement for culture because 
of biological decline, and a drop in culture ef-
fectiveness at  later life phases as  biological 
decline proceeds. The cultural aspect demon-
strates a  likely tendency for environmental 
imprinting during young adulthood (between 
18 and 25 years of age), as cultural demands, 
the necessity for culture, and the effectiveness 
of  culture are in  a  communal “sweet spot” 
of transition. During young adulthood (which is 
regarded as a formative time in life), individuals 
become proactive players in the social environ-
ment and enter into interaction with a broader 
set of  different sources of  knowledge that 
form adopted standards, norms, values, and 
attitudes (Arnett, 2000). Tooby and Cosmides 
(1990) suggested that the combination of learn-
ing outcomes, evolutionary plasticity, and 
neurodevelopmental adjustment to the environ-
ment via reactions to  signals from the  habitat 
or  situational appraisals result in  multiple 
transitory and enduring differences in individu-
ally determined behaviours, including variations 
in personality. Characteristic of Homo sapiens, 
human naturalness indicates unique neuro-
logic, cognitive, and psychological adjustments 
and propensities, as similarly argued by Mae-
stripieri and Boutwell (2022). 

Social cognitive theory (Bandura, 1986; 
Lent & Brown, 1996) posits that human behav-
iour is affected by  personality factors, behav-
ioural factors, and environmental factors, which 
mutually impact in a tripartite relationship. This 
is considered by Baron (2004) to be the nou-
veau area in  the  entrepreneurship literature. 
Entrepreneurial cognition (Mitchell et al., 2002, 
p.  97) can be defined as  “knowledge struc-
tures that people use to  make assessments, 
judgments, or  decisions involving opportunity 
evaluation, venture creation, and growth.” This 
uniqueness is particularly important because 
all  individuals are fundamentally unique and 
cannot be copied. The difference is noticeable 
in  their performance, as every individual aims 
to  maximise their advantages and outperform 
the  rest. Consequently, they differ from each 
other. Depending on  what they excel  at, they 

choose their next path to follow. For this reason, 
social psychologists are intensely investigating 
the  predisposing power of  personality traits. 
Thus, according to Ness et al. (2020), they seek 
to  specify information regarding the  impact 
of personality on the manner in which individu-
als experience and negotiate with the outside 
elements of  their personal circumstances and 
workplace scenarios.

The  necessary knowledge relates to  the 
identification of possibilities for private, career, 
or trade activities, as well as the broader con-
text of  the  environment in  which people live 
or work, and the knowledge of  the  functioning 
of the economy and the opportunities and chal-
lenges confronting employers or organisations. 
Therefore, it is also up to the public to be aware 
of  the  ethical status of  companies and how 
companies can act to  benefit society through 
fair business or  social entrepreneurship. Pro-
actively managing a project includes the skills 
of planning, organising, managing, leading peo-
ple and delegating, analysing, communicating, 
evaluating, and reporting. Communication and 
negotiation skills are also important, along with 
the ability to work individually and in a team. It is 
also essential to assess and identify strengths 
and weaknesses and demonstrate tolerance 
of higher risk if necessary. The entrepreneurial 
mindset is defined by being proactive, autono-
mous, and innovative in both private and public 
situations as well as in the workplace. It also in-
volves motivation and commitment to  goals, 
whether individual or shared, including profes-
sional goals (Kurek & Rachwa, 2011).

Ness et al. (2020), among all  the ambigu-
ous findings, assume that business founders 
possess personality traits specific to them. It is 
quite likely that the  inconsistency of  the  re-
search results can be attributed to the different 
manifestations of  the  entrepreneurial samples 
investigated. In  other words, different person-
ality profiles are linked to  various personality 
characteristics for every type of entrepreneurial 
involvement. In their most recent paper, Develi 
et al. (2011, p. 118) argue that “The most im-
portant characteristic of  the  entrepreneurial 
personality is the  tendency to  take risks or 
the predisposition to take risks.” Related to this, 
the percentage of seniors who start a new ven-
ture is approximately less than double the rate 
of  young people who start a  new enterprise 
(Kautonen et  al., 2008). Conversely, research 
conducted by the  Global Entrepreneurship 
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Monitor (GEM, 2025) reports that young entre-
preneurs survive for longer than the first three 
and a half years, while adults over the age of 34 
are 1.7  times more likely than young people 
to  run mature enterprises. Young people form 
up to  73% of  unincorporated entities (GEM, 
2025) in  comparison to  other generational 
entrepreneurs. This can stem from the  higher 
priority given to  income, security factors, and 
flexibility (Waschkewitsch &  Kuhnt, 2025) 
for Generation  Z  compared to  other gen-
erations. This generation also  has a  strong 
need for feedback (Dwivedula, 2025; Zieger, 
2024). Compared to  other cohorts, Genera-
tion Z shows less interest in employment stabil-
ity; they frequently change their jobs, seeking 
flexibility and an escape from the daily routine. 
Generation  Z  identifies self-employment 
as  a  method of  professional empowerment, 
primarily because they believe it offers higher 
earnings and a better perception of autonomy 
(Dolot, 2018). Conversely, Generation X is more 
likely to  choose to  work in  larger companies 
or start their own businesses (Campbell et al., 
2017). Despite these differences in  approach, 
the underlying goals remain consistent across 
All generations. Across generations, a common 
feature is the desire to  improve their financial 
condition (Fuchs et  al., 2024; Perez-Encinas 
et  al., 2021). Furthermore, from Generation Y 
onwards, personal development is considered 
one of  the  most important motivation criteria 
(Fuchs et al., 2024). 

According to Lévesque and Minniti (2006), 
older adults are less willing to  participate 
in entrepreneurship due to health conditions, 
time scheduling preferences, or  other ad-
ditional motives. The study by Kautonen et al. 
(2014) reported that the age-entrepreneurship 
propensity-correlated relationship depends 
largely on the  heterogeneous preferences 
of  individuals toward their professional life. 
The  relationship between age and entrepre-
neurial propensity is described by an  inverted 
U-shaped curve, which peaks at age 48 for in-
dividuals who prefer to establish their own ven-
tures and invest time and capital in them. This 
is consistent with the  traditional view of a de-
clining propensity for entrepreneurship among 
older adults. Conversely, for individuals pursu-
ing self-employment who do not intend to hire 
new staff, the propensity to be entrepreneurial 
increases linearly with age. Reluctant entre-
preneurs (those driven into entrepreneurship 

by  necessity) exhibit a  marginal effect of  age 
on their entrepreneurial activities. Harms et al. 
(2014) additionally introduce the  category 
of “silver-age” entrepreneurs.

2	 Research methodology
The  theoretical review informed the  selection 
of  research topics for quantitative research, 
such as  generational motivation to  start  up 
(Kautonen et  al., 2014). The  descriptive vari-
ables included the field of business, the length 
of  business experience, the  age of  the  re-
spondent, sales, and the  type of  business 
entity. The independent variables were the mo-
tivation for entrepreneurship and the  life cycle 
of the business. The key factor in the allocation 
to  generations was the  equal time interval 
in which these individuals were born. The Still-
man and Stillman (2017) classification was 
used to  divide the  respondents into different 
generational cohorts. According to  this clas-
sification, based on the age of  the person re-
sponding as well as the year of birth, they were 
classified into different generational cohorts 
as characterised by these authors.

Situation within  the  Czech Republic. Ac-
cording to  the  Trading Economics (2023), 
self-employed  persons, total in  the  Czech 
Republic was reported at  16.49% of  total 
employment in  2023. According to  the  Czech 
Statistical Office (2024), there were 1,291,474 
in total active businesses in the Czech Repub-
lic. The composition of the generation structure 
was based on a detailed analysis of the Czech 
Statistical Office from 2017. Tab.  2 illustrated 
potential changes in 2025.

Generation  Z  and  Younger Millennials 
represent a  smaller, but potentially growing 
segment of  self-employed individuals. They 
are less likely to be in traditional “trade licence” 
self-employment and more involved in flexible, 
project-based work. Older Millennials are highly 
active in  entrepreneurship, especially in  their 
mid to  late  30s and early  40s. Generation  X 
forms a  substantial core of  self-employed in-
dividuals in  the Czech Republic, often in  their 
peak career years. Finally, Baby Boomers show 
a significant and growing presence in self-em-
ployment, particularly as  they reach traditional 
retirement ages but continue to  work. Under-
standing cohort bias is therefore crucial for this 
classification. Dvouletý et  al. (2024) note that 
current economic conditions, post-retirement 
life, and accumulated skills and experiences 
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from a  particular historical trajectory are im-
portant for entrepreneurial generations. This 
highlights a limitation of this study.

2.1	 Conceptual research framework and 
hypotheses development

Subsequently, each respondent was classified 
as one of the types of entrepreneurs. The data 
obtained were then used to cluster into homo-
geneous groups. According to  Douglas et  al. 
(2021), empirical models typically combine 
the  motivation to  be an  entrepreneur with 
the motivation to be a certain type of entrepre-
neur. Therefore, most previous studies focused 
on  a  particular type of  entrepreneur and tried 
to explain the determinants of this specific type 
of  behaviour. For  this reason, it  was not nec-
essary to perform a cluster analysis, but it was 
possible to use the categories already created. 
In  this way, the  research was able to  build 
on research already conducted on this aspect. 
Therefore, the  breakdown of  entrepreneurs 
as described by Zhang and Acs (2018) in their 
publication was selected.

Based on this, the first type represented nov-
ices vs. non-novices, where different propensities 
to entrepreneurship might help explain the rela-
tionship between age and entrepreneurship. 
By  definition, younger people were more likely 
to be budding entrepreneurs with limited prior en-
trepreneurial experience. For many older work-
ers, after decades of  working for others, they 
might decide to become budding entrepreneurs. 
The accumulation of work experience and wealth 
at  older ages increased physical, human, and 
social capital and thus increased entrepreneur-
ial opportunity. Therefore, we  expected more 

opportunities than necessity for entrepreneurs 
as  people aged. Therefore, other types were 
defined as  opportunity or  necessity entrepre-
neurs. Due to the increased responsibility to care 
for children and family around age  30, many 
workers, particularly women, changed to  work 
part-time; we thus expected a decline in the full-
time (versus part-time) entrepreneur rate around 
the age of 30. At later life, with needs to care for 
a spouse, their own health, or a more relaxed life-
style, phased retirement arose and we expected 
a continued declining full-time (versus part-time) 
entrepreneur rate. While sole proprietorship 
increased with age, the role increased first (until 
late 40s in Europe) and then decreased with age. 
Since incorporated entrepreneurs typically oper-
ated larger businesses with paid employees than 
unincorporated entrepreneurs, sole proprietors 
were more likely to be unincorporated entrepre-
neurs; owner-managers were more likely to  be 
incorporated entrepreneurs. Therefore, we  ex-
pected that the propensity to be an incorporated 
(versus unincorporated) entrepreneur increased 
first and then decreased. Through this distribu-
tion, it was possible to identify the dominant gen-
eration in each type of entrepreneurs. Although 
most of Generation Z was expected in the case 
of  the novice type, further results were sought. 
This allowed for a different perspective on each 
generation and their enterprise. Due to the lack 
of  representation of  the  Silent Generation, 
the  sample of  this generation was not further 
researched. A  conceptual model with individual 
variables was created (Fig. 1), where in this case 
the dependent variable was Generations (x) and 
the independent variables were Stages of the en-
terprise life cycle, Pressure from the surrounding 

Age group (2017) Approximate age 
in 2025 Generation name

Share of self-employed  
individuals within their age 
groups in the total working 

population in 2017 (%)

Up to 29 years 16–34 years old

Primarily Generation Z (those born 
1997–2009, 16–28 years old in 2025) 

and youngest Millenials (1991 
to 1996)

9.2

30 to 39 years 38–47 years old Millenials 31.3

40 to 49 years 48–57 years old Generation X 37.6

50 or more years 58–68+ years old Baby Boomers 65.0

Source: Czech Statistical Office (2018)

Tab. 2: Generational changes within active business entities
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area and Improvement of the financial situation, 
Sales earned by the  company (CZK/year) and 
Establishment of a company (y). In addition, there 
was a third variable in the model. This was rep-
resented by the Duration of  the entrepreneurial 
experience, another Motivation to  do  business, 
Stages of the enterprise life cycle and Pressure 
from the  surrounding area and Improvement 
of the financial situation (z).

Since the  entrepreneurs were divided into 
different types only on the  basis of  deduc-
tion, it  was necessary to  verify this statement 
through the hypothesis:

H1: The relationship between entrepreneur-
ial type (novices vs. non-novices) and Stages 
of  the  enterprise life cycle is moderated by 
the  Duration of  entrepreneurship experience 
across generational cohorts.

H2: Choosing opportunity vs.  necessity 
across Generations is negatively associated 
with Pressure from the  surrounding area and 
Improvement of the financial situation, depend-
ing on another Motivation to do business.

H3: Full-time vs. part-time operation across 
Generations is positively influenced more 

towards full-time due to  Sales earned by the 
company (CZK/year) in relation to Stages of the 
enterprise life cycle.

H4: The  association between the  choice 
of  incorporated vs.  unincorporated business 
structure and the  Establishment of  a  com-
pany is moderated by the combined influence 
of  Pressure from the  surrounding area and 
Improvement of  the  financial situation across 
generational cohorts.

The  latter represented the control variable 
and examined the  cumulative effect (Rubin 
&  Babbie, 1997) of  the  dependent and inde-
pendent variables in  each row of  the  model. 
All  variables were treated as  lower-order 
variables, i.e., as nominal data. The statistical 
program  SPSS was used to  confirm or  reject 
hypotheses, for which Cramer’s V was tested. 
The limitations of  the study lay in the fact that 
it was not possible to  accurately determine 
the distribution by generation in the Czech busi-
ness environment. The  effect of  generations 
was expected to be seen in their view of the fi-
nancial side of business.

Fig. 1: Conceptual model of entrepreneurial type

Source: Zhang and Acs (2018), own modification
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2.2	 Data sample description
In this primary research, a questionnaire was used 
for data collection. This method was considered 
one of  the  most effective for collecting a  large 
volume of data from many persons in a relatively 
short period of time, as the CAWI (computer-as-
sisted web interviewing) method was employed. 
These persons were enterprise entities operating 
on the  territory of  the Czech Republic. In  total, 
446 subjects finally participated in this study, and 
primary data were collected between October and 

December of  the year 2023. The questionnaire 
was structured in  two parts: the first addressed 
questions on attitudes in entrepreneurship, and 
the second section focused on the respondent’s 
profile. The  structure of  the  subjects was ran-
domly selected from the  business database 
Amadeus. The  obtained data sample followed 
the original structure of the business population 
within  the Czech Republic according to  current 
statistics (MPO, 2024). More information and 
characteristics of the respondents are presented 

Variable Groups Sample (N = 446) Sample (%)

Generations

Silent Generation 0 0.0
Baby Boomers 62 13.9
Generation X 198 44.4
Generation Y 123 27.6
Generation Z 63 14.1

Establishment 
of a company

Unincorporated entity 
(sole proprietors) 257 57.6

Incorporate entity 189 42.4

Duration 
of entrepreneurship 

experience

Less than 3 years 87 19.5
From 3 to 10 years 130 29.2

From 11 years 
to 20 years 87 19.5

Over 20 years 142 31.8

Stages 
of the enterprise life 

cycle

Start-up company 52 11.7
Company in growth 276 61.9

Company in stagnation 104 23.3
Company in decline 9 2.0

Company is going into 
liquidation 5 1.1

Field of enterprise

Manufacturing 70 15.7
Trade 85 19.1

Services 279 62.6
Agriculture 5 1.0

Other 7 1.6

Sales earned by 
the company  
(CZK/year)

Up to 49 million 387 86.8
From 50 million 
to 249 million 41 9.2

From 250 million 
to 1.24 billion 9 2.0

Over 1.24 billion 9 2.0

Tab. 3: Respondent’s description – Part 1
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in  Tab.  3. The  size of  enterprises was classi-
fied according to  the EU definition of small and 
medium enterprises, where micro enterprises 
employed fewer than 10  persons (annual turn-
over or annual balance sheet total not exceeding 
EUR 2 million); small enterprises employed fewer 
than 50 persons (annual turnover or annual bal-
ance sheet total not exceeding EUR 10 million); 
and medium-sized enterprises employed fewer 
than 250 persons (annual turnover not exceed-
ing EUR 50 million or an annual balance sheet 
total not exceeding EUR  43  million) (European 
Commission, 2020).

The classification of a full-time or part-time 
entrepreneur was based on  three factors: 
generation, Sales earned by the  company 
(CZK/year; exchange rate 1 Euro = 24.19 CZK), 
and Stages of the enterprise life cycle. In the case 
of  Generations, entrepreneurs were classified 
as  full-time if  their sales were CZK  49  million 
or more and their enterprise was not in stagna-
tion, decline, or liquidation. Otherwise, if the en-
trepreneur had sales below CZK 49 million and 
was not operating a start-up or growth company, 

such an  entity was classified as  a  part-time 
entrepreneur. Regarding the opportunity or ne-
cessity distinction, the entrepreneur was clas-
sified as  a  necessity entrepreneur when their 
main motive for doing business was Pressure 
from the  surrounding area and Improvement 
of  the  financial situation. Conversely, when 
the  motive was something else, the  entrepre-
neur was classified as an opportunity entrepre-
neur. However, this classification was tested 
statistically. The testing findings are presented 
in the results section.

3	 Results and discussion
This section presents, first, the  results 
of the hypothesis testing, followed by a discus-
sion of these findings in the context of existing 
literature.

3.1	 Results
The  results for individual hypotheses, 
H1  through  H4, are now presented. It  begins 
by  detailing the  specific statistical test em-
ployed for the  evaluation of  each hypothesis. 

Variable Groups Sample (N = 446) Sample (%)

Motivation 
to do business

Pressure from 
the surrounding 

area (NM)
45 10.0

Try something 
different (OM) 98 22.0

Improvement 
of the financial 
situation (NM)

99 22.2

Regional or national 
development (OM) 20 4.5

The satisfaction 
of achieving something 

great (OM)
49 11.0

Leave a legacy 
for the future 

generation (NM)
19 4.3

Personality 
development (OM) 92 20.6

Talent 
development (OM) 24 5.4

Note: NM – necessity motivation; OM – opportunity motivation; exchange rate 1 Euro = 24.19 CZK.

Source: own (based on primary data)

Tab. 3: Respondent’s description – Part 2
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Subsequently, each finding is thoroughly as-
sessed and interpreted with direct reference 
to  the  evidence gathered through the  survey 
questionnaire, ensuring a  robust link between 
our methodology and the empirical results.

Enterprise life cycle and entrepreneurship 
experience  (H1). Initially, the  association be-
tween Generations and the Stages of  the en-
terprise life cycle was tested, and a  strong, 
statistically significant association was found 
(Cramer’s V = 0.713, Sig. = 0.001). The distri-
bution across life cycle stages revealed clear 
generational patterns: companies associated 
with Generation Z were predominantly (83.9%) 
start-up ventures, whereas all  representatives 
(100%) of  Generation  X were companies 
in the growth stage. For Generation Y, the com-
panies were split between growth (55.3%) and 
stagnation (44.7%), and among Baby Boom-
ers, the  majority (77.8%) were in  stagnation, 
with 14.3% in decline and 7.9% moving into liq-
uidation. Furthermore, the association between 
generations and the Duration of entrepreneur-
ship experience also  demonstrated a  strong, 
statistically significant association (Cra-
mer’s V = 0.706, Sig. = 0.001). Data indicated 
major differences in  experience, with 100% 
of Generation Z entrepreneurs having less than 
three years of experience, compared to 100% 
of Baby Boomers who had more than 20 years 
of  experience. Generation  X was comprised 
of 65.7% of entrepreneurs with 3  to 10 years 
of experience, 21.7% with 11 to 20 years, and 
12.6% with less than 3 years, while for Genera-
tion Y, 64.2%  had more than 20  years of  ex-
perience and 35.8% had 11 to 20 years. When 
controlling for the relationship with the third vari-
able (Duration of entrepreneurship experience), 
Cramer’s V remained high (Cramer’s V = 0.653, 
Sig.  = 0.001), and no additive effect, spurious 
association, or  hidden association was found. 
Therefore, hypothesis H1 was confirmed.

Generation type and start-up motive: 
Pressure from the  surrounding  (H2). When 
examining the  association between Genera-
tions and the  combined variable of  Pressure 
from the  surrounding area and Improvement 
of  the  financial situation, a  strong, statisti-
cally significant association was found (Cra-
mer’s  V  =  0.692, Sig.  =  0.001). This primary 
motivation (necessity) was identified almost ex-
clusively among Baby Boomers (100%). Within 
this cohort, the  necessity was split between 
Pressure from the  surrounding area (72.6%) 

and the  Improvement of  the financial situation 
(27.4%). The  Improvement of  the  financial 
situation was also  observed in  Generation  X 
(41.4%), while for the  rest of  that generation 
(58.6%), another motivation for business was 
dominant. Conversely, for both Generation  Y 
and Z, the primary motivation was another Mo-
tivation to  do  business (100%  in  both cases). 
Consequently, the  direct association between 
Generations and another Motivation to do busi-
ness also  yielded a  strong, statistically sig-
nificant relationship (Cramer’s  V  =  0.701, 
Sig.  =  0.001). The  most common secondary 
motivations for Generation  X were leaving 
a  legacy for the  future generation  (9.6%), 
personality development (37.4%), and the sat-
isfaction of achieving something great (11.6%). 
For Generation Z, the motivation was solely “try 
something different” (100%), while Generation Y 
cited talent development (19.5%), personality 
development (14.6%), and 65.9% had different, 
various motivations for their business. Control-
ling for another Motivation to do business saw 
Cramer’s  V  rise to  0.724 (Sig.  =  0.001), thus 
increasing the association with the opportunity 
vs.  necessity entrepreneurial type. Therefore, 
hypothesis H2 was confirmed.

Generation type, sales and life cycle  (H3). 
The association between Generations and Sales 
earned by the company (CZK/year) was exam-
ined, and a  statistically significant relationship 
was found (Cramer’s V = 0.556, Sig. = 0.001). 
The  distribution of  sales showed a  distinct 
pattern for Baby Boomers, where 6.3% had 
sales up to CZK 49 million, 65.1% ranged from 
CZK 50 million to CZK 249 million, 14.3% ranged 
from CZK 250 million to CZK 1.24 billion, and 
6.3% exceeded CZK  1.24  billion. In  contrast, 
all other generations (Generations X, Y, and Z) 
collectively reached 100% for the lowest sales 
category (up  to  CZK  49  million). The  results 
concerning the  association between Gen-
erations and the  Stages of  the  enterprise life 
cycle (Cramer’s V = 0.713, Sig. = 0.001) were 
consistent with previously presented findings 
and were thus used as  a  control. The  as-
sociation between the  independent variables 
and the control variable (Stages of  the enter-
prise life cycle) reached Cramer’s  V  =  0.685 
(Sig.  =  0.001), and consequently, an  additive 
effect was found. Therefore, hypothesis  H3 
was confirmed.

Generation type and start-up motive: Pres-
sure from the  surrounding financial situation 
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3.2	 Discussion
Unlike the  broad study conducted by  En-
sari (2017), this research focuses narrowly 
on “motivation” as a single factor that evolves 
over time, driven by changes in an individual’s 
personality development and subsequent 
entrepreneurial cognition. The  entrepreneur’s 
age and the operational period of the business 

are integral to  this analysis, as  the  influence 
of  these variables cannot be fully separated 
from that of the generational cohorts (Schröder, 
2023). Crucially, Generation  Z  entrepreneurs 
are navigating a fundamentally different tech-
nological era (Dolot, 2018), enabling them 
to  more effectively leverage the  potential 
of  current technologies (Dolot, 2018; Ensari, 

improvement  (H4). A  very strong, statistically 
significant relationship was found between Gen-
erations and the  Establishment of  a  company 
(incorporated vs.  unincorporated status) (Cra-
mer’s V = 0.986, Sig. = 0.001). This association 
indicated a clear generational dichotomy in legal 
structure: Baby Boomers were exclusively found 
as  an  incorporated entity (100%), whereas 
Generation  Z  exclusively chose an  unincorpo-
rated entity (100%). Generation X predominantly 
operated as  an unincorporated entity (98.5%) 
compared to a negligible proportion of  incorpo-
rated entities (1.6%). Conversely, Generation Y 
was entirely represented by the  incorporated 

entity type (100%). The  association between 
Generations and Pressure from the  surround-
ing area and Improvement of  the  financial 
situation was consistent with previous findings 
(Cramer’s V = 0.692, Sig. = 0.001) and served 
as the control variable. The association with this 
control variable yielded a statistically significant 
result (Cramer’s V = 0.592, Sig. = 0.001), with 
100% of  the  control variable respondents op-
erating as  an  unincorporated entity. Therefore, 
hypothesis H4 was confirmed.

A  summary of all  results is presented 
in  Tab.  4, where they are connected with 
each hypothesis.

Association between variables Cramer’s V Sig. Related to 
Generations and Duration of entrepreneurship 

experience 0.706 0.001
H1

Stages of the enterprise life cycle and Duration 
of entrepreneurship experience 0.653 0.001

Generations and Pressure from the surrounding area  
and Improvement of the financial situation 0.692 0.001

H2Generations and another Motivation to do business 0.701 0.001

Pressure from the surrounding area and Improvement 
of the financial situation and another Motivation 

to do business
0.724 0.001

Generations and Stages of the enterprise life cycle 0.713 0.001

H3
Generations and Sales earned by the company 

(CZK/year) 0.556 0.001

Sales earned by the company (CZK/year) and Stages 
of the enterprise life cycle 0.685 0.001

Generations and Establishment of a company 0.986 0.001

H4Establishment of a company and Pressure from 
the surrounding area and Improvement of the financial 

situation
0.592 0.001

Note: p-value = 0.05.

Source: own based on primary data

Tab. 4: Summary of tests related to hypotheses
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2017). The findings of the actual research rep-
licate the results of the Dvouletý study (2019), 
confirming the  dominance of  entrepreneurs 
within the Generation X and Generation Y age 
cohorts in the Czech Republic. These findings 
also  align with earlier international studies: 
Generation Z’s preference for unincorporated 
entities (Dolot, 2018; GEM, 2025) grants 
them greater operational freedom because 
their primary goal is not leadership (Deloitte, 
2025), contrasting sharply with other gen-
erations. Conversely, the  propensity of  Baby 

Boomers to pursue entrepreneurship is often 
motivated by  a  desire for financial stability 
or a  response to  perceived age-related dis-
crimination or  reduced health (Perez-Encinas 
et  al., 2021). Their strong preference for in-
corporated entities allows them to  fully lever-
age their leadership skills and accumulated 
experience, enabling them to serve effectively 
as mentors and contributors to society (Arkor-
ful et al., 2025).

A  summary of  the  type of  entrepreneurs 
in relation to generation is presented in Fig. 2.

Fig.  2 represents a  general classification 
of  individual entrepreneurs within  the  sampled 
population (N  =  446), extending the  presented 
studies (Douglas et  al., 2021, Zhang &  Acs, 
2018). It can be posited that the primary differen-
tiating factors between generations are the mo-
tivation for entrepreneurship and the  temporal 
commitment each generation is willing to dedi-
cate to their venture. For the Baby Boomer gen-
eration, the  driving forces are predominantly 
necessity and the fear of financial insecurity, re-
sulting in a tendency towards part-time entrepre-
neurship. Generation X, conversely, represents 
a typical succession cohort that often inherits es-
tablished business structures. In sharp contrast, 
Generations Y and Z exhibit a more progressive 
and opportunity-driven orientation, characterised 
by a greater inclination toward operational inde-
pendence and autonomy.

The  major limitation of  this study, as  ac-
knowledged in the methodology, is the difficulty 
in  precisely determining the  generational dis-
tribution in  the  Czech business environment, 
which may affect the generalizability of the spe-
cific percentage data. However, the generaliz-
ability of this classification is inherently limited by 
the sample’s composition and size. To achieve 
a  more robust and accurate representation 
of  generational distribution, future research 
would require a  substantially larger number 
of subjects and a greater proportion of the over-
all business population. Future research should 
focus on  longitudinal studies to  track whether 
Generation Z’s initial unincorporated structures 
and start-up status evolve into the incorporated, 
growth-oriented firms seen in Generation Y and 
Generation X, providing clarity on the long-term 
impact of  digitalisation and career priorities 

Fig. 2: Type of entrepreneurs in relation to generation (Gen)

Source: own based on primary data
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on entrepreneurial development. Despite these 
methodological limitations, the  findings hold 
significant practical implications for the Czech 
context, particularly in  informing the  potential 
focus of  business support, the  strategic work 
of  supporting infrastructure, and the  tailoring 
of entrepreneurship education across different 
age cohorts.

Conclusions
Based on the  primary research conducted, 
this study validated that generational affiliation 
is  a  defining factor in  entrepreneurial involve-
ment and motivation within the Czech Republic. 
The  results indicate a  distinct separation: ne-
cessity-driven entrepreneurship is concentrated 
among Baby Boomers, while opportunity-driven 
ventures characterise Generations  Z  and  Y. 
This not only extends existing literature but 
also  precisely delineates the  current state 
of  Czech entrepreneurs. Additional indicators, 
such as duration of entrepreneurial experience 
and turnover generated, facilitated the precise 
integration of generational cohorts into specific 
entrepreneurial typologies.

It  is evident that Baby Boomers, while 
highly experienced, are increasingly shifting 
towards part-time entrepreneurial engagement, 
reflecting the influence of age-related variables, 
including declining physical or cognitive health. 
This necessitates a nuanced policy response. 
Given that every entrepreneur possesses 
unique personality traits and entrepreneurial 
cognition, it  is imperative for policymakers 
to  avoid erecting generational barriers and 
to holistically adapt support conditions. Specifi-
cally, the government must prevent the disad-
vantage of certain cohorts (e.g., Traditionalists) 
simply because their skills (e.g.,  technological 
proficiency) are less advanced than those 
of  younger generations. Government strategy 
should actively contribute to  entrepreneurship 
development by  intentionally working with 
diverse generational needs. While a  broad 
range of skills development currently exists for 
seniors, specific resources must be targeted 
towards “entrepreneurial seniors.” Identifying 
the  precise needs and aspirations of  this de-
mographic through dedicated research should 
be the preliminary step in establishing a com-
prehensive support process. This strategic 
approach would enhance the quality of support 
provided and serve as an additional incentive 
for older entrepreneurs to  maintain activity, 

adapting effectively as times change. Based on 
the findings, several customised policy recom-
mendations are warranted:
(i)  Tailored support: support programmes 
should be customised across a diverse portfo-
lio of  public and private support mechanisms, 
respecting the  specific needs of  each gen-
eration. This aligns with the concepts proposed 
by Douglas et al. (2021), advocating for start-up 
resources for Generation Z, growth support for 
Generation  X, and revitalisation strategies for 
Baby Boomers;
(ii)  Knowledge transfer ecosystem: to bolster 
the  entrepreneurial ecosystem, experience-
based mentorship and flexible education pro-
grammes should be implemented. This would 
effectively extend the  experience of  Baby 
Boomers to mentor younger entrepreneurs, fos-
tering crucial knowledge transfer and potentially 
reducing start-up failure rates, thereby extend-
ing the idea proposed by Ness et al. (2020);
(iii)  Motivation-driven policies: finally, national 
and regional policies must be motivation-
driven. This entails designing support that re-
spects the unique motivational profiles of each 
generation—starting with innovation grants 
for Generation Z, aiming to  test new ventures 
and culminating in security financial support for 
Baby Boomers.

The  findings from this study, particularly 
the stark differences in entrepreneurial motiva-
tion, firm structure, and life-cycle stage, hold 
immediate implications for Czech national and 
regional policy, especially within  the  context 
of the National Research and Innovation Strat-
egy for Smart Specialisation (RIS3,  Ministry 
of  Education, Youth and Sports of  the  Czech 
Republic, 2021). Current public support mecha-
nisms often struggle with a  one-size-fits-all 
approach, failing to account for the reality that 
the Baby Boomer cohort predominantly seeks 
financial security and revitalisation, while Gen-
eration  Z  requires support focused on  rapid 
innovation, market testing, and digital scaling. 
The  related operational programme, the  Just 
Transition Operational Programme (OP  ST) 
(Ministry for Regional Development, 2021) 
indicates that policy must become motivation-
driven. This means reallocating resources 
away from uniform subsidies toward custom-
ized support packages (Douglas et al., 2021). 
For instance, providing security-focused grants 
or micro-loans to sustain older, established busi-
nesses (Baby Boomers) and offering low-barrier 
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innovation vouchers or proof-of-concept grants 
to  encourage younger entrepreneurs (Gen-
eration Z) to  try new, technologically intensive 
ventures (Ness et  al., 2020). The  Czech 
policy framework must recognize that since 
generational effects cannot be separated from 
cohort effects, these segmented needs are not 
transient but are structural features of  the en-
trepreneurial landscape, requiring specific at-
tention within regional action plans derived from 
the Action Plan for the National RIS3 Strategy 
(Ministry of  Industry and Trade of  the  Czech 
Republic, 2021).
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Introduction
In the current era, technological advancement 
such as  the  development of  artificial intelli-
gence has brought both opportunities and chal-
lenges to organizations. Many enterprises have 
sought to facilitate innovation performance with 

the adoption of technology to keep competitive 
(Li et al., 2023; Stacho et al., 2023). For high-
tech enterprises featured by  rapid updating 
of  knowledge and dynamic technological 
transformation, the innovation is particularly im-
portant to their survival in the dynamic market. 
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As employees are valuable assets of organiza-
tions and their innovative work behavior (IWB) 
greatly affects enterprise innovation (Guo et al., 
2023), exploring factors related to  individual 
IWB becomes emergent.

Since innovation is  a  highly risky and de-
manding activity, individual IWB is affected 
by  their perceived organization support, thus, 
the  organizational innovation climate (OIC) 
has largely determined employees’ innovation. 
OIC  is  a  multifaceted construct that encom-
passes the  employees’ shared perceptions 
of  the  work environment including practices, 
policies, and procedures that facilitate or hinder 
innovation (Amabile &  Gryskiewicz, 1989). 
It  is  a  crucial element influencing employees’ 
IWB in daily work, which creates conditions for 
the generation of original ideas and risk-taking 
initiatives (West &  Anderson, 1996). When 
employees perceive the  organizational sup-
port on their novel ideas or proposals, they are 
highly motivated to renovate at work, as individ-
uals’ innovativeness could be stimulated from 
the inspiring nature of climate (Liu et al., 2019). 
Previous research has reported the  positive 
impact of OIC on employees’ IWB (Alshahrani 
et al., 2025; Xu & Suntrayuth, 2022). However, 
as highlighted by a systematic review on inno-
vation climate (Newman et  al., 2019), the  im-
pact of  OIC on  IWB is dynamic and intricate 
when joining other contextual or individual fac-
tors. One possible explanation could be attrib-
uted to the mediating mechanisms on how OIC 
translates into individuals’ IWB when different 
antecedents come into play. Therefore, there 
needs a holistic approach to address how and 
through which pathways OIC can effectively 
influence employees’ IWB.

High-technology firms operate in  environ-
ments characterized by short product lifecycles 
and intense competition, where knowledge 
sharing (KS) is crucial in  enabling employees 
to  build upon existing knowledge, generate 
new ideas, and develop innovative solutions 
to  complex problems (Wang, 2025). During 
the KS process, employees’ knowledge barriers 
may be removed, thus stimulating them to gen-
erate innovative ideas and apply them to handle 
real-world issues at  workplace. Further, when 
organizations create an  innovation-supportive 
climate that encourages KS among individuals, 
employees might gain the organization support 
and knowledge base for their innovativeness 
(Lu et al., 2021). Therefore, it could be indicated 

that KS plays an  important role between OIC 
and IWB among those employees in high-tech 
enterprises, the  context where innovation is 
both a  strategic imperative and a  survival re-
quirement (Chughtai & Khalid, 2023; Mehmood 
et al., 2020).

As research continues, IWB is not only af-
fected by organizational factors, but also deter-
mined by  individual factors including personal 
characteristics, intrinsic motivation and self-
efficacy (Srirahayu et  al., 2023). From the  in-
dividual aspect, creative self-efficacy (CSE) is 
one excellent internal predictor of  IWB, as  it 
relates to one’s belief in the capacity for knowl-
edge and expertise to  generate creative out-
comes (Jaiswal & Dhar, 2015). Employees with 
higher CSE take the initiative to acquire knowl-
edge and have the self-confidence to confront 
challenges and setbacks, thereby performing 
persistently in  carrying out innovative activi-
ties (Xu et al., 2021). Moreover, as the degree 
of organizational support perceived by employ-
ees significantly affects employees’  CSE  (Liu 
& Shi, 2009), this study hypothesizes that OIC 
might indirectly affect employees’ IWB via their 
CSE in high-tech settings. 

Despite the  growing studies investigating 
employees’ IWB as  mentioned above, there 
remains a gap in understanding how the  joint 
interplay of social and psychological processes 
translates  OIC (the  organizational factor) into 
individual IWB. To bridge the aforesaid research 
gap, this study investigates how OIC influences 
employees’ IWB through the sequential mediat-
ing roles of KS and CSE in the high-stakes, fast-
paced industry. Further, the findings may offer 
insightful references for entrepreneurs and hu-
man resource managers who wish to enhance 
their employees’ innovation potentials and im-
prove organizational innovation performance. 

1	 Theoretical background 
This study is anchored in  an  integrated theo-
retical framework combining social exchange 
theory (SET) (Blau, 1964) and social cogni-
tive theory (SCT) (Bandura, 1986), which col-
lectively explain how OIC fosters IWB through 
sequential social and psychological mecha-
nisms. SET is one of the most influential theo-
ries in  the  realm of  management (Ren et  al., 
2025), including rules and norms of exchange, 
resources of  exchange, and social exchange 
relationships (Ahmad et  al., 2023). Accord-
ing to  SET, employees reciprocate supportive 
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organizational climates with prosocial behaviors 
(Cropanzano et al., 2017), such as knowledge 
sharing among co-workers, which are critical for 
innovation. Complementarily, SCT emphasizes 
the role of cognitive processes, particularly self-
efficacy, in influencing individual behavior (Ban-
dura, 1986). When employees share knowledge 
within a supportive innovation climate, they are 
exposed to  diverse perspectives and exper-
tise. This exposure subsequently bolsters their 
creative self-efficacy, as  they gain confidence 
in their ability to generate novel ideas and so-
lutions. With heightened  CSE, employees are 
more likely to  actively engage in  innovative 
behavior, such as  developing new products, 
improving processes, or  suggesting creative 
solutions to  problems. By  integrating SET 
and SCT, our study provides a robust theoreti-
cal foundation for understanding the  complex 
interplay among organizational factors, indi-
vidual self-perceptions, and employees’ inno-
vative work behavior in the context of high-tech 
enterprises. This dual-lens framework justifies 
our proposed chain mediation model: OIC cul-
tivates a culture of reciprocity (enhancing KS), 
which in turn bolsters employees’ CSE that ul-
timately drives their IWB. The following section 
presents the relationship between the variables 
and then proposes the  conceptual framework 
for this study.

1.1	 Organizational innovation climate 
and innovative work behavior

OIC has been a hot topic due to the increasing 
significance of  organizational innovation per-
formance and employees’ innovation attached 
to the fierce market competition. It is a multidi-
mensional and complex concept that includes 
both objective physical environment and em-
ployees’ subjective perceptions and feelings. 
The subjective perspective of OIC is widely ac-
cepted by scholars and it is positively associat-
ed with individuals’ IWB (Newman et al., 2019). 
As innovation is a highly risky and demanding 
task, employees will have difficulties in  gen-
erating novel ideas or  renovating their work 
procedures without perceived organizational in-
novation support. In the earlier study, West and 
Anderson (1996) found that the supportive OIC 
could positively affect employees’ endeavour 
to  innovate in  work-related practices. Recent 
literature also empirically supported a positive 
association between OIC and IWB; the higher 
the OIC perceived by employees, the stronger 

motivation they might acquire to  innovate 
at  work (Abderrahman Hassi et  al., 2025; 
Güven & Doğan, 2025). As proposed by Xu and 
Suntrayuth (2022), a  supportive OIC ensures 
that the necessary resources for innovation are 
available to employees, including time, funding, 
and access to  information. Subsequently, with 
perceived innovation support within organisa-
tions and favourable resouces, employees 
develop the control of self-innovativeness and 
the intention to transform their novel ideas into 
innovative outcomes at  work. For  this study, 
OIC  is hypothesized as  an  independent vari-
able that predicts employees’ IWB.

H1: Organizational innovation climate po
sitively predicts employees’ innovative work 
behavior.

1.2	 Knowledge sharing as a mediator
Given the  characteristics of  rapid techno-
logical advancements and intense competition 
in  high-tech enterprises, it  is quite significant 
to  encourage KS  activities among knowledge 
workers to improve organizational performance 
(Souza &  Paula, 2024). KS  is  a  core activity 
in the realm of knowledge management, which 
emphasizes social interaction that may up-
grade individuals’ existing knowledge storage 
and contribute to the generation of novel ideas. 
However, KS cannot happen naturally without 
favorable conditions or  incentive methods of-
fered by organizations (Mehmood et al., 2020). 
Based on the reciprocate rule, when employees 
perceive that the organization values their cre-
ative ideas and provides a platform for innova-
tion, they are more willing to  share their tacit 
and explicit knowledge with their co-workers, 
which they believe will contribute to the overall 
innovative efforts of the organization. According 
to  Zhang et  al. (2025), organizational culture 
has a  strong positive influence on  knowledge 
sharing. For  high-tech firms in  particular, 
the more positive OIC perceived by employees, 
the  more willing they are to  share their work 
expertise and experiences with others, espe-
cially when it comes to  tacit knowledge shar-
ing (Lu et al., 2021). As highlighted by Xu and 
Suntrayuth (2022), employees in  high-tech 
enterprises are more willing to  share knowl-
edge and solve technical difficulties with their 
colleagues when perceiving a supportive OIC. 
Consequently, knowledge sharing, with knowl-
edge donation and knowledge collection occur-
ring simultaneously, helps to rebuild individuals’ 
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existing knowledge framework, which positively 
influences employees’ IWB at  work (Wang, 
2025). Therefore, the  following hypothesis 
is proposed:

H2: Knowledge sharing mediates the  re-
lationship between organizational innovation 
climate and innovative work behavior.

1.3	 Creative self-efficacy as a mediator 
In the  realm of  business and management, 
CSE has been widely discussed and positively 
related to  individual innovation and organi-
zational performance (Gelaidan et  al., 2023; 
Kafeel et  al., 2023). CSE  is  a  particular type 
of  self-efficacy concerning one’s self-confi-
dence to  generate creative outcomes. With 
internal confidence and belief, the  knowledge 
workers’ CSE could enhance their innovative 
behavior even when confronting uncertain-
ties and challenges (Abidi et  al., 2025). Em-
pirical support for the predicted impact of CSE 
on employees’ IWB was confirmed in different 
contexts, including R&D enterprises and educa-
tional institutions (e.g., Chen, 2024; Khan et al., 
2023). Additionally, SCT posits that the person, 
environment, and behavior are interactive 
and influence each other (Wood &  Bandura, 
1989). In  organizational contexts, a  support-
ive OIC might allow employees to  explore 
and experiment in  their job-related activities, 
thereby gaining higher self-confidence in mak-
ing innovative changes (Farmer &  Tierney, 
2017). With OIC triggering employees’  CSE, 
employees gain self-concept and internal 

drives to actualize their innovativeness at work 
(Xu et al., 2021). Therefore, it is rational to pro-
pose the following hypothesis:

H3: Creative self-efficacy mediates the  re-
lationship between organizational innovation 
climate and innovative work behavior.

1.4	 The chain intermediary effects 
of knowledge sharing and creative  
self-efficacy

As  individuals’ behavior is quite a  complex 
process subject to both individual and environ-
mental factors, it will be interesting to explore 
how different factors jointly affect employees’ 
innovative work behavior at workplace. Based 
on the  above explanations, the  current study 
hypothesizes that when employees perceive 
a  strong  OIC, they are more willing to  share 
their knowledge, expertise and work skills with 
others. Subsequently, employees upgrade their 
existing knowledge structure, thus increasing 
their self-confidence and proficiency in  inno-
vation (Islam et  al., 2022). With considerable 
knowledge and equipped skills, employees 
boost their self-confidence in  creatively deal-
ing with challenging and risky situations (Khan 
et al., 2023), which contributes to their engage-
ment in innovation at work. Therefore, we pro-
pose the  following hypothesis and construct 
a conceptual model as Fig. 1. 

H4: Knowledge sharing and creative self-
efficacy play chain mediation roles between 
organizational innovation climate and innova-
tive work behavior.

Fig. 1: Conceptual framework

Source: own
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2	 Research methodology
2.1	 Sampling and data collection
This study used the  convenience sampling 
method to recruit employees from high-tech en-
terprises in Zhejiang Province, the southeastern 
area of China. The reason for selecting this pop-
ulation lies in the rapid development of high tech-
nology and economy supported by government 
in  this area. Before administering the question-
naires, participants were informed of  the  re-
search objectives, and they understood that their 
personal information was kept anonymous and 
confidential. All participants were voluntary to fill 
in  the survey and they were in contact through 
the  organization leaders or  human resource 

managers. From April to May in 2023, the first 
researcher sent 335 questionnaires to the target 
participants. To  avoid potential bias in  the  re-
search design, the  present study collected 
data twice, with an  interval period of  2 weeks. 
In time 1, participants were asked to fill in their 
demographic information, their perceived OIC 
and IWB; then after two weeks, the same partici-
pants were required to fill in the questionnaires 
inquiring their KS  behavior and CSE  at  work. 
Finally, 307 valid questionnaires were obtained, 
with a recovery rate of 91.64%. Tab. 1 presents 
the demographic information of the participants, 
including the gender, age, education levels, ten-
ure and job position.

2.2	 Measures and variable operation
All instruments of  the  present study were 
adjusted from previous studies and all items 
were measured on  a  seven-point Likert scale 

ranging from  1 to  7, with 1 representing 
“strongly disagree” to 7 representing “strongly 
agree”. The questionnaire consists of two sec-
tions, the first section was to obtain participants’ 

Variable Category Number Percentage (%)

Gender
Male 180 58.6

Female 127 41.4

Age

Below 25 years 26 8.5

26–35 years 161 52.4

36–45 years 98 31.9

Above 46 years 22 7.2

Education

Junior college below 21 6.8

Junior college 63 20.5

Bachelor 148 48.2

Master and over 75 24.4

Tenure

Below 2 years 81 26.4

2–8 years 136 44.3

8–15 years 71 23.1

Above 15 years 19 6.2

Job position

Staff 195 63.5

Junior manager 66 21.5

Middle manager 30 9.8

Top manager 16 5.2

Source: own

Tab. 1: Demographic information of participants
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demographic information and the second includ-
ed these variables, independent variable (OIC), 
mediators (KS and CSE), dependent variable 
(IWB). The  following section reported the  for-
mal questionnaires addressed to participants.

Independent variable. The Organizational 
Innovation Climate Scale developed by  Liu 
and Shi (2009) was employed to assess OIC, 
the  independent variable of  this study. This 
12-item instrument consisted of  three con-
structs, namely, team support (TS), supervisor 
support (SS) and organization support (OS). 
Sample items included, “In our team, we often 
communicate and discuss on problems at work” 
(TS); “My supervisor respects different ideas 
proposed by  their sub-ordinates” (SS); “My 
organization values openness and innovation” 
(OS). The  values of  Cronbach’s alpha coef-
ficient of each construct were assessed to be 
0.883, 0.890 and 0.887, respectively.

Mediating variables. Knowledge sharing 
was assessed by a five-item instrument, which 
was adjusted by Lu et al. (2006), with the value 
of  Cronbach’s alpha coefficient being  0.883. 
Sample items were, “I share useful work experi-
ence with others”; “When acquiring new knowl-
edge useful to work, I am willing to share with 
more people.” 

Creative self-efficacy was measured 
by  a  five-item instrument adjusted from Kar-
wowski et  al. (2018). Sample items included, 
“I  know I  can efficiently solve complex prob-
lems”; “I  trust my creative ability.” The  value 
of Cronbach’s alpha coefficient of this measure-
ment was 0.891. 

Dependent variable. The  five-item in-
novative work behavior scale was adapted 
from Liu and Shi (2009). Sample items were, 
“I  often come up innovative ideas at  work”; 
“I  often share my innovative ideas with my 
colleagues or supervisors, to obtain  their sup-
port.” The value of Cronbach’s alpha coefficient 
of this measurement was 0.891. 

Control variables. As suggested by previ-
ous research (Newman et al., 2018), this study 
controlled demographic variables in the analy-
sis of our model. Due to the differences in social 
division of  labor and workplace advantages, 
gender can influence employees’  IWB. There-
fore, this study considered gender as  one 
of  the  control variables, which was coded 
as 0 = female, 1 = male. In addition, the educa-
tion level was closely related to employees’ cog-
nitive levels and knowledge structures, which 
in turn affected their IWB (coded as 1 = junior 
college below; 2 = junior college; 3 = bachelor; 
4 = master and above). Finally, the job position 
was regarded as another control variable and 
coded ordinally (1 = staff; 2 = junior managers; 
3 = middle managers; 4 = top managers). 

2.3	 Descriptive statistics and correlation 
matrix

Descriptive statistics were calculated to  sum-
marize the sample characteristics (e.g., gender, 
education levels, job position) and the  dis-
tribution of  all study variables. The  means, 
standard deviations, and correlations were 
presented in  Tab.  2. The  significant and 
positive correlations between the  independent 

Variable Mean SD 1 2 3 4 5 6 7

1. Gender 0.586 0.493 1

2. Education levels 2.902 0.846 0.059 1

3. Job position 1.567 0.870 0.053 0.169** 1

4. OIC 5.095 0.668 0.118* 0.190** 0.177** 1

5. KS 4.775 0.750 0.152** 0.192** 0.162** 0.474** 1

6. CSE 4.788 0.722 0.117* 0.179** 0.194** 0.428** 0.540** 1

7. IWB 4.496 0.717 0.135* 0.177** 0.180** 0.510** 0.525** 0.612** 1

Note: * p  <  0.05; **  p  <  0.01; OIC  –  organizational innovation climate; KS  –  knowledge sharing; CSE  –  creative  
self-efficacy; IWB – innovative work behavior; SD – standard deviation.

Source: own

Tab. 2: Descriptive statistics and correlation matrix
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3.2	 Measurement model
This study conducted CFA to  verify the  fit-
ness of  the proposed model and Tab. 4 pres-
ents the  results. As  suggested by  Hair et  al., 
(2010), our six-factor measurement model fit 
the  data well (χ2/df  =  1.254, AIC  =  525.465, 

BIC = 782.617, RMSEA = 0.029, TLI = 0.982, 
CFI = 0.984, SRMR = 0.032), which demonstrat-
ed to be superior to the alternative four-factor, 
two-factor and one-factor models. Therefore, 
these good fit values provided the prerequisite 
condition for our hypotheses testing.

variable, mediators and dependent variable 
could provide preliminary support for further 
hypotheses testing. 

2.4	 Data analysis
We  conducted the  hierarchical linear modeling 
to test the hypotheses and the mediation analysis 
was performed using the software Mplus 8.3, with 
the 5,000 bootstrapping method. The mediation 
effect was considered significant if the 95% con-
fidence interval did not include zero. 

Prior to testing the hypotheses, the reliabil-
ity and validity of  the  variables were required 
to  be assessed. According to  Fornell and 
Larcker (1981), the  reliability was considered 
acceptable if  the  values of  Cronbach’s alpha 
coefficient and the  composite reliability (CR) 
coefficient were above  0.7. The  convergent 
validity was assessed by extracted mean vari-
ance (AVE), and the discriminant validity could 
be assessed by  analyzing the  relationship 
between the correlation coefficient of each vari-
able and the square root of AVE. We also con-
ducted confirmatory factor analysis (CFA) 
to test the measurement model, following these 
goodness-of-fit indices: χ²/df  (≤3.0), compara-
tive fit index (CFI ≥ 0.90), Tucker-Lewis index 
(TLI  ≥  0.90), root mean square error of  ap-
proximation (RMSEA  ≤  0.08), standardized 

root mean square residual (SRMR ≤ 0.08) (Hair 
et  al., 2010). Additionally, Akaike information 
criterion (AIC) and Bayesian information cri-
terion (BIC) were reported, with lower values 
indicating better model fit.

3	 Research results
3.1	 Reliability and validity analysis
Tab.  3 presents the  results of  reliability, con-
vergent and discriminant validity among 
the variables. For this study, the reliability was 
considered to be good, as  the composite reli-
ability (CR) of all variables and factor loadings 
of  each items were above the  recommended 
value of 0.7. Additionally, Tab. 3 demonstrated 
that the values of AVE of each construct were 
all above 0.5, showing good convergence valid-
ity of measurements as suggested by Bagozzi 
and  Yi (1988). Lastly, the  square root value 
of AVE of all variables was more significant than 
the  correlation coefficient between variables, 
showing good discriminant validity.

We also employed Harman’s on-factor meth-
od to check the common method bias  (CMB), 
providing evidence that the  first factors 
in the model explained 39.4% of the variance, 
which was less than the  recommended  50% 
(Podsakoff et  al., 2003). Therefore, CMB was 
not a potential problem in this study.

Variable Loadings CR AVE 1 2 3 4 5 6

1. TS 0.804–0.815 0.883 0.654 0.809

2. SS 0.799–0.839 0.890 0.669 0.631*** 0.818

3. OS 0.808–0.818 0.887 0.662 0.622*** 0.610*** 0.814

4. KS 0.758–0.794 0.883 0.601 0.461*** 0.460*** 0.428*** 0.775

5. CSE 0.767–0.808 0.891 0.621 0.433*** 0.364*** 0.416*** 0.612*** 0.788

6. IWB 0.765–0.803 0.891 0.620 0.429*** 0.487*** 0.517*** 0.589*** 0.689*** 0.787

Note:***p < 0.001; TS – team support; SS – supervisor support; OS – organization support; KS – knowledge sharing; 
CSE – creative self-efficacy; IWB – innovative work behavior.

Source: own

Tab. 3: Reliability, convergent and discriminant validity among variables
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3.3	 Hypotheses testing
This study conducted a hierarchical linear mod-
eling to  test the  hypotheses. We  first entered 
all three control variables into a baseline model 
and the regression result showed that the gen-
der significantly affected employees’  IWB 
(β  =  0.172, p  <  0.05). This result indicated 
that the  male employees demonstrated sig-
nificantly higher IWB than females. Addition-
ally, the  beta estimate for education levels 
(β  =  0.123, p  <  0.05) and job positions were 
positive (β  =  0.123, p  <  0.01), indicating that 
employees with higher education levels report-
ed greater  IWB, and higher-ranking positions 
demonstrated significantly stronger IWB. Next, 
OIC  was added as  the  independent variable 
and the  regression result indicated that OIC 
positively predicted employees’ IWB (β = 0.509, 
p < 0.001), which supported H1 for this study. 

The study adopted the bootstrapping meth-
od to test the mediation effects, and the data fit 

our model well with χ2/df =1.232, GFI = 0.909, 
AGFI = 0.890, TLI = 0.980, CFI = 0.982, 
SRMR = 0.035, RMSEA = 0.028. Fig. 2 pres-
ents the  chain mediating model between OIC 
and  IWB, with KS and CSE as  the mediators. 
Tab.  5 showed the  results of  5,000 boot-
strap samples, and there was no zero value 
in  the  95%  confidence interval. Seeing from 
Tab.  5, Ind1 showed that KS positively medi-
ated the  relationship between OIC and  IWB 
(b = 0.093, SE = 0.048, Z = 1.968, p  < 0.05, 
LL/UL = 0.011/0.202), providing support for H2. 
Also, CSE positively mediated the relationship 
between OIC and IWB (b = 0.121, SE = 0.051, 
Z  =  2.366, p  <  0.05, LL/UL  =  0.0029/0.232), 
providing support for  H3. Meanwhile, KS  and 
CSE positively and significantly played 
the chain mediating role between OIC and IWB 
(b = 0.132, SE = 0.037, Z = 3.605, p < 0.001, 
LL/UL = 0.076/0.227). Therefore, H4 was sup-
ported in this study.

Model ² df AIC BIC RMSEA TLI CFI SRMR

1. Six-factor model 387.465 309 525.465 782.617 0.029 0.982 0.984 0.032

2. �Four-factor model 
(TS + SS + OS, KS, CSE, IWB) 1,006.115 318 1,126.115 1,349.726 0.084 0.850 0.864 0.058

3. �Two-factor model 
(TS + SS + OS + KS, CSE + IWB) 1,851.614 323 1,961.614 2,166.591 0.124 0.671 0.697 0.103

4. One-factor model 2,430.168 324 2,430.168 2,430.168 0.146 0.548 0.583 0.118

Note:*** p < 0.001; TS – team support; SS – supervisor support; OS – organization support; KS – knowledge sharing; 
CSE – creative self-efficacy; IWB – innovative work behavior.

Source: own

Effect SE Z p LL UL
Direct effect 0.348 0.096 3.628 *** 0.179 0.552

Total indirect effect 0.347 0.071 4.882 *** 0.220 0.504

OIC→KS→IWB (Ind1) 0.093 0.048 1.968 * 0.011 0.202

OIC→CSE→IWB (Ind2) 0.121 0.051 2.366 * 0.029 0.232

OIC→KS→CSE→IWB (Ind3) 0.132 0.037 3.605 *** 0.076 0.227

Note:* p < 0.05; *** p < 0.001; OIC – organization innovation climate: KS – knowledge sharing; CSE – creative self-
efficacy; IWB – innovative work behavior; SE – standard error; LL – lower confidence level; UL – upper confidence level; 
Bootstrap sample size = 5,000; control variables added.

Source: own

Tab. 4: Results of confirmatory factor analysis (N = 307)

Tab. 5: Mediation analysis results
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4	 Discussion
Innovative work behavior is a complex process 
that emphasizes the  willingness and efforts 
of  individuals to  innovate, relying on both indi-
vidual capabilities, motivations and external re-
sources (Zhu et al., 2022). This study examined 
how OIC influences employees’ IWB through 
the chain mediation of KS and CSE in high-tech 
industries. The findings confirm all hypotheses, 
offering nuanced insights into  the  mecha-
nisms linking contextual, social, and individual 
motivational factors to  innovation. Below, 
we discuss the major findings, theoretical and 
practical implications and outline avenues for 
future research.

First, the  findings demonstrate that OIC 
positively predict employees’  IWB, which is 
consistent with previous studies (Abderrah-
man Hassi et  al., 2025; Xu  &  Suntrayuth, 
2022) reporting that a positive OIC empowered 
employees to  renovate their work procedures 
or  practices. A  supportive innovation climate 
within organizations, characterized by manage-
ment endorsement, resource availability, and 
freedom to experiment, creates a psychological 
safety net for employees in  the  high-tech in-
dustry. This environment encourages the gen-
eration of  novel ideas, risk-taking initiatives 
and the pursuit of creative solutions, which are 
stimulus of  innovative behavior. Conversely, 
when employees perceive unfavorable innova-
tion support from organizations, their motivation 
and enthusiasm to  innovate are hampered for 
fear of making mistakes and being blamed (Cai 

&  Tang, 2021). More importantly, compared 
to  studies concluding that innovation is likely 
to be inspired in the western culture that values 
individualism (e.g.,  Taylor &  Wilson, 2012), 
our study enriches the  mechanism of  OIC 
on employees’ IWB in the Asian context where 
collectivism prevails.

Unlike previous research that predomi-
nantly focused on the  independent mediating 
roles of these factors (Azeem et al., 2021; Teng 
et al., 2019), we  reveal a sequential pathway. 
This study contributes to  exploring the  influ-
ence process of  OIC on  employees’ IWB 
by  joining KS and CSE as  chain mediators. 
On one hand, the findings confirm the mediat-
ing role of  KS  between OIC and  IWB, which 
is in  align with a  recent systematic review 
concluding that the organizational support and 
reciprocal relationships promote employees’ 
KS activities within organizations, which in turn 
inspire employees’ innovation and creativity 
(Santhose &  Lawrence, 2023). In  the  context 
of  this research, a  positive organizational in-
novation climate that encourages risk-taking 
initiatives and offers support to  employees, 
represents the  “rewards” provided by the  or-
ganization. In  response, employees engage 
in KS as a form of reciprocation, believing that 
their contributions will lead to personal benefits 
such as  recognition or  career advancement. 
On the other hand, our study extends previous 
studies reporting KS behaviors strengthen indi-
viduals’ CSE (Islam & Asad, 2024; Khan et al., 
2023), which is critical for managing uncertainty 

Fig. 2: SEM results

Source: own
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in innovation commitments. In the notion of SCT, 
the role of self-efficacy is highlighted in driving 
individuals to undertake challenging tasks with 
persistence in  facing obstacles or  failures. 
When employees engage in  sharing knowl-
edge with their co-workers, they gain exposure 
to  diverse perspectives and expertise, which 
bolsters their confidence in  their creative ca-
pabilities. This increased creative self-efficacy, 
in turn, serves as a powerful motivator for em-
ployees to engage in innovative activities, form-
ing a chain reaction from organizational climate 
to innovative behavior. Connecting factors from 
both external resources and individual perspec-
tives, this study incorporates OIC, KS, CSE and 
IWB into one single model, revealing different 
impact mechanisms on influencing employees’ 
innovative work behavior.

Theoretically, this study makes significant 
contributions by integrating SET and SCT to ex-
plore the  intricate relationship between  OIC, 
KS,  CSE, and employees’  IWB. Prior studies 
have predominantly examined these theories 
in  isolation, which may limit the  comprehen-
siveness of understanding complex behavioral 
processes. Our  findings fill in  this gap by  in-
tegrating both theories, demonstrating that 
the  effects of  OIC are not merely contextual 
or  psychological but arise from their synergy 
– a theoretical leap underscored by recent calls 
for investigating multi-faceted antecedents 
related to  innovative work behavior (Alessa 
& Durugbo, 2022). To our knowledge, the  im-
pact of  OIC on  employees’ IWB via the  in-
termediary effects of  KS and CSE has not 
been explored previously. Our  study provides 
a  novel theoretical perspective, illustrating 
how organizational-level factors can influence 
individual-level innovative behavior through 
both social exchange and cognitive processes. 
It  contributes to  the  development of  a  more 
integrated and explanatory theory in  the  field 
of  organizational innovation, offering scholars 
a new analytical framework to explore the com-
plex dynamics of innovation-related behaviors.

4.1	 Practical implications
This empirical study was conducted in the set-
tings of high-tech enterprises, and our findings 
might provide some practical implications for 
organizations that intend to enhance organiza-
tional innovation outcomes. First, as OIC posi-
tively affects employees’ IWB, organizations are 
suggested to  create an  innovation-supportive 

environment, which might inspire employ-
ees’ motivation and enthusiasm to  engage 
in  innovative activities. For  high-tech enter-
prises in  particular, those knowledge-based 
employees are in high demand for certain job 
autonomy and flexibility regarding work ar-
rangements. Therefore, it  is crucial to provide 
employees with sufficient respect and trust and 
be tolerant of the possible failure resulting from 
employees’ innovative attempts at  work. It  is 
suggested that supervisors establish an equal 
and friendly relationship with their subordinates 
and provide positive feedback to  employees’ 
innovative commitments (Su  &  Zhang, 2022). 
Managers could also  attend target training 
programs to  role model their  IWB (Newman 
et  al., 2019) and guide the  team to  support 
their peers’ innovativeness. In  this way, when 
employees perceive a  friendly innovative cli-
mate within organizations, they may develop 
the  willingness to  express their novel ideas 
and gain psychological safety in  carrying out 
innovative activities.

Second, organizations need to offer a con-
venient knowledge-sharing platform to  em-
ployees with certain technical and tool support 
(Xu  &  Suntrayuth, 2022). For  knowledge-
extensive enterprises, their employees need 
to  acquire new knowledge and skills through 
information exchange, meanwhile the collision 
of diverse ideas enhances employees’ engage-
ment in  innovation. Nevertheless, it  requires 
managers’ attention that employees may seek 
to  hide their know-how and expertise for fear 
of losing their competitive advantages (Lu et al., 
2012). In this regard, organizations need to pro-
vide positive feedback and substantial rewards 
for employees’ KS behavior so that employees 
feel fair treatment and organizational justice 
(Akram et  al., 2019). According to  SET, indi-
viduals seek reciprocity from those who pro-
vide them with benefits in  return. Only based 
on  mutual benefit might increase employees’ 
willingness to share their expertise with others, 
further stimulating them to engage in collective 
innovation activities.

Finally, considering the role of CSE in trig-
gering employees’  IWB, the  human resource 
department should consider the  person-job fit 
factor in  matching the  knowledge, personality 
or skills of employees with their daily work ar-
rangements. When employees feel interested 
and competent in  their assigned tasks, they 
will gain  the  sense of  fulfilment that internally 
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triggers their CSE  in  innovative commitments. 
It  is also  advisable to  adopt CSE  intervention 
designs and implement CSE  enhancement 
programs on  employees within organizations 
(Farmer &  Tierney, 2017). Moreover, con-
sidering the  chain mediating roles of  KS and 
CSE in the relationship between OIC and IWB, 
it  is necessary to  adopt a  range of  incentives 
that enhance employees’ readiness and will-
ingness to  engage in  innovative activities. 
For high-tech enterprises characterized by rap-
id upgrading of knowledge and technology, pro-
viding employees with target training programs 
enables them to acquire the  latest knowledge 
and generate creative ideas. With sufficient 
knowledge, those employees may feel com-
petent with determination and self-confidence 
(indicating higher  CSE) even in  the  risky and 
challenging innovation attempts. As  transfer-
ring from creative ideas into practical outcomes 
requires time and resources, funding support 
and trust on employees could reduce the psy-
chological pressure that may hinder their 
innovation performance.

Conclusions
This study aimed to  explore the  intricate pro-
cesses by  which organizational innovation 
climate affects employees’ innovative work 
behavior in  the  high-tech industry. Theoreti-
cally, this study contributes to offering a novel 
perspective in understanding how the organiza-
tional factor transfers into individual behavior, 
by uncovering the chain mediation mechanism 
of knowledge sharing and creative self-efficacy. 
Practically, managers are recommended to pri-
oritize cultivating a positive innovation climate 
by providing sufficient resources to encourage 
the  generation of  novel ideas at  work. It  is 
necessary to  promote communication, and 
rewarding innovation to encourage knowledge 
sharing, while also  implementing strategies 
like training programs and mentorship to boost 
employees’ creative self-efficacy, thereby 
enhancing the  overall innovation capabilities 
of enterprises.

However, this study is not without limita
tions. First, the  data collection was restricted 
to the high-tech industry, which may limit the gen-
eralizability of the research results. Since differ-
ent industries have unique characteristics and 
work cultures, and the  relationships explored 
in this study may vary across industries. Future 
research could expand the  sample to  include 

multiple industries, such as the service industry 
and the manufacturing industry, to comprehen-
sively test the robustness of the proposed mod-
el. Second, since employees’ innovative work 
behavior is  a  dynamic and complex process, 
which needs to be observed and assessed over 
a  long period. As  this is  a  quantitative study 
employing cross-sectional data to analyze fac-
tors influencing employees’ innovative work 
behavior, future researchers can adopt qualita-
tive research methods such as  interviews and 
field observations to gain a more in-depth un-
derstanding of  factors influencing employees’ 
innovative work behaviors. Additionally, longitu-
dinal studies are needed to  track the dynamic 
changes over time, which can provide a more 
in-depth understanding of  how organizational 
innovation climate, knowledge sharing, creative 
self-efficacy, and innovative behavior interact 
and evolve. Finally, only two mediating variables 
were considered in this study. Future research 
are suggested to investigate other potential me-
diating or moderating variables, such as  lead-
ership style, organizational culture at a deeper 
level, and individual personality traits. These 
additional factors may further enrich the under-
standing of  the complex mechanisms underly-
ing employees’ innovative behavior.

In conclusion, this study has made important 
progress in exploring the influence mechanism 
of organizational innovation climate on employ-
ees’ innovative work behavior. The  identifica-
tion of the chain mediation roles of knowledge 
sharing and creative self-efficacy provides 
a new theoretical and practical roadmap for un-
derstanding the innovation process in high-tech 
organizations. While the  existing limitations 
point to directions for future research, the find-
ings of this study have laid a solid foundation for 
both academic research and practical manage-
ment in promoting organizational innovation.
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Abstract: In  the  context of  growing global emphasis on  sustainable business practices, 
understanding the financial drivers of corporate sustainability has become increasingly important. 
This study examines key financial and market indicators to understand their influence on corporate 
sustainability disclosure. Focusing on  Romanian companies, it  investigates how market share, 
financial ratings, probability of  insolvency, and market value shape sustainability outcomes. 
The dataset was sourced from Azores Sustainability and CSR Services, a well-known organization 
in Romania that offers insights into the Romania Corporate Sustainability and Transparency Index, 
as well as from the Risco database. Over an eight-year period from 2016 to 2023, we compiled 
a total of 264 observations from 33 companies that provided sustainability information. Correlation 
and regression analysis were used as  inferential statistics to  achieve the  study’s objectives. 
The findings reveal that market share has a positive and significant impact on corporate sustainability 
disclosure. Additionally, the study shows that financial ratings significantly and positively influence 
corporate sustainability. The study’s results indicate that probability of  insolvency has a negative 
and significant effect on  corporate sustainability disclosure. Moreover, market value was found 
to have a significant positive impact on corporate sustainability disclosure. The findings of the study 
underscore the relevance of firm performance in  influencing Romanian companies’ sustainability 
disclosure following the  provisions of  Corporate Sustainability Reporting Directive (CSRD) and 
2014/95/EU Directive. Ultimately, this study proves essential in  the context of  the CSRD, which 
plays a critical role in enhancing corporate transparency regarding sustainability practices. The key 
contribution of this study is to address the ambiguity in existing research by exploring the reverse 
relationship, how firm performance influences corporate sustainability outcomes.
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Introduction 
The  highly competitive business environment 
necessitates that firms operate sustainably. 
However, whether corporate sustainability 
ultimately benefits or harms firms remains un-
certain and unresolved in the literature (Coelho 
et  al., 2023). This debate is ongoing, with no 
definitive conclusion reached yet, prompting 
sustainability researchers to  further explore 
the  impact of  corporate sustainability on  firm 
performance (Park, 2023).

While we  acknowledge that numerous 
studies have been conducted on  this topic, 
the results remain inconclusive and ambiguous 
(Appiah-Kubi et  al., 2024). Some researchers 
have found that corporate sustainability posi-
tively impacts firm performance, while others 
have found the  opposite (Le  &  Ikram, 2022; 
Úbeda-García et al., 2021). This is due to dif-
fering perspectives: some authors argue that 
corporate sustainability improves a company’s 
image, which in  turn boosts firm performance 
(Ali et al., 2024; Gupta & Gupta, 2020), while 
others believe it leads to higher operating costs, 
ultimately reducing firm performance (Appiah-
Kubi et al., 2024). Meanwhile, researchers have 
neglected to  explore how firm performance 
impacts corporate sustainability disclosure, 
which could help confirm whether the relation-
ship is bi-directional and reduce the ambiguity 
in existing research. Besides the above incon-
clusiveness, sustainability practices among 
firms in  technology-oriented countries like Ro-
mania are still minimal (Apostu et al., 2023; Niță 
& Stoicuța, 2025).

In Romania, few companies make sustain-
ability and occupational health and safety (OHS) 
disclosures (Iordache et al., 2021; Păun et al., 
2020). Notwithstanding, the few companies that 
engage in  sustainability are reluctant to make 
their sustainability reports available (Grosu 
et al., 2024). As such, new challenges and per-
spectives for enhancing non-financial reporting 
and the disclosure of environmental, social, and 
governance (ESG) indicators have emerged on 
the  development horizon for Romanian public 
interest entities, as  they implement the  provi-
sions of  Directive  2014/95/EU and the  most 
recent directive, Corporate Sustainability 
Reporting Directive (CSRD) into  the  national 
regulatory framework (Beleneși et  al., 2021). 
However, the question as to whether the imple-
mentation of  the  Directive  2014/95/EU and 
CSRD has been impacted by their performance 

is underexplored, if not unexplored (Ştefănescu 
et al., 2021). On account of this, it is essential 
to undertake a study to investigate how corpo-
rate sustainability disclosure is influenced by firm 
performance among Romanian companies 
(Sahlian et al., 2023). Hence, our study examines 
the  effect of  various performance dimensions 
on Romanian companies’ corporate sustainability 
disclosures. Specifically, the paper achieves four 
objectives. First, it examines the effect of market 
share on  Romanian companies’ corporate sus-
tainability disclosure. Second, it assesses the ef-
fect of financial rating on Romanian companies’ 
corporate sustainability disclosure. Third, it  ex-
amines the  impact of  probability of  insolvency 
on Romanian companies’ corporate sustainabil-
ity disclosure. Fourth, the effect of market value 
on Romanian companies’ corporate sustainability 
disclosure is assessed. 

By achieving the above objectives, the im-
pacts of various financial performance metrics 
on  Romanian companies’ corporate sustain-
ability disclosure are discovered. Sustainability 
disclosure is particularly relevant in the Roma-
nian context due to the country’s ongoing efforts 
to  align with European Union (EU) regula-
tory standards, including Directive 2014/95/EU 
on  non-financial reporting (Ştefănescu et  al., 
2021). As a post-transition economy, Romania 
has historically lagged behind more developed 
EU members in adopting comprehensive sus-
tainability practices (Păun et  al., 2020). How-
ever, the mandatory nature of  these directives 
compels Romanian firms, especially publicly 
listed and large companies, to enhance trans-
parency and report on  environmental, social, 
and governance (ESG) issues. Given that Ro-
mania is still in the early stages of implementing 
structured sustainability reporting frameworks 
(Niță &  Stoicuța, 2025), analyzing disclosure 
practices offers valuable insights into how firms 
are responding to external regulatory pressure. 
Moreover, sustainability disclosure provides 
a  measurable and observable proxy for cor-
porate accountability, signaling mechanisms 
to  stakeholders, and readiness for EU-wide 
comparability. Understanding how firm-level 
characteristics influence disclosure behavior 
thus contributes to  both academic discourse 
and practical policymaking in  a  region experi-
encing significant institutional change. The  re-
mainder of  this paper is structured to  feature 
the  literature review, materials and methods, 
results, and discussion.
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1	 Theoretical background 
The literature on sustainability reporting presents 
a  range of  theoretical frameworks that attempt 
to explain why firms engage in such practices. 
These frameworks are typically classified into 
two broad paradigms: social-based theories and 
economic-based theories (Valentinov &  Roth, 
2024). Rather than viewing these theories 
as  isolated lenses, this study integrates them 
into a coherent conceptual scaffold that under-
scores how corporate sustainability disclosure 
is shaped by both external societal expectations 
and internal economic imperatives (see Fig. 1).

Social-based theories, including legitimacy 
theory, stakeholder theory, and institutional 
theory, highlight the external drivers of sustain-
ability disclosure. Legitimacy theory posits that 
firms operate within a “social contract” and must 
align their actions with societal norms to secure 
stakeholder approval and maintain access to re-
sources (Ogunode, 2022). This theoretical lens 

underpins the hypothesis that firms with stron-
ger market visibility (such as  greater market 
share) are more likely to engage in sustainabil-
ity disclosures to  enhance or  preserve legiti-
macy. Stakeholder theory, particularly through 
the  stakeholder-resource-based view (SRBV), 
explains how firms manage the  competing 
interests of various stakeholder groups. Firms 
with a broader shareholder base may be more 
inclined to  disclose sustainability information 
to  meet these stakeholders’ expectations and 
maintain support, providing theoretical justifica-
tion for including shareholder share as a control 
variable in the research model. Institutional the-
ory complements these perspectives by focus-
ing on isomorphic pressures: mimetic, coercive, 
and normative, that drive firms to adopt sustain-
ability practices in order to conform to societal 
and regulatory expectations. In  the Romanian 
context, where sustainability regulations such 
as  the  EU’s CSRD are emerging, institutional 

Fig. 1: Mainstream theories on sustainability reporting

Source: own
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theory supports the rationale for examining how 
firm-level characteristics like age and eligibility 
for CST Index evaluation influence sustainabil-
ity disclosure patterns.

In  contrast, economic-based theories 
such as  agency theory and signaling theory 
explain how sustainability disclosures are used 
strategically to  manage information asymme-
tries between firms and external stakehold-
ers. Agency theory views such  disclosure 
as  a  governance mechanism that mitigates 
opportunistic managerial behavior and aligns 
managerial actions with shareholder interests. 
This theory informs the study’s expectation that 
financially stronger firms, as reflected by higher 
financial ratings, will be more likely to disclose 
sustainability information to  reduce agency 
costs and increase investor confidence (Vitolla 
et al., 2020). Signaling theory further suggests 
that firms engage in  sustainability disclosure 
to convey intangible qualities such as financial 
stability, responsible management, or long-term 
viability to  stakeholders, particularly investors 
and regulators. This provides the  rationale for 
examining variables such as market value and 
probability of insolvency as predictors of disclo-
sure behavior, with the  assumption that firms 
use sustainability reporting to  signal strength, 
resilience, and trustworthiness in a competitive 
and increasingly transparent business environ-
ment (Friske et al., 2023).

Overall, the theoretical framework provides 
the  conceptual foundation for the  study’s 
design. Social-based theories justify the  in-
clusion of  variables related to  institutional 
legitimacy and stakeholder engagement, while 
economic-based theories explain  the  role 
of  firm performance in  shaping disclosure 
behaviors. Together, these perspectives offer 
a  well-rounded and contextually appropriate 
framework for understanding corporate sus-
tainability disclosure in Romania’s transitioning 
regulatory landscape.

While previous studies have leaned heavily 
on legitimacy, stakeholder, and institutional per-
spectives to  explore why firms report on  sus-
tainability, much of this research has focused on 
the impact of sustainability on firm performance, 
typically using CSR  disclosures as  proxies. 
A substantial body of work has found a positive 
association, suggesting that sustainability prac-
tices can boost competitiveness, reputation, 
access to  finance, and operational efficiency 
(Gupta &  Gupta, 2020; Ortiz-Martínez et  al., 

2023). Xu et al. (2020), for instance, analyzed 
over 2,900 CSR reports from Chinese firms and 
demonstrated how sustainability disclosures 
generated value-relevant information, mitigated 
reputational risk, and enhanced firm value. 
Similar patterns are evident in  empirical stud-
ies across emerging and developed markets 
(Adu-Yeboah et  al., 2022; Appiah-Kubi et  al., 
2024; Ghardallou, 2022).

However, a  countervailing stream argues 
that sustainability efforts may detract from 
firm performance due to  high implementation 
costs and resource constraints, particularly 
in  economies with limited institutional support 
(Zhang & Lucey, 2022). The conflicting results 
point to  a  methodological and theoretical gap 
in the literature: most studies adopt a unidirec-
tional causality, exploring how sustainability 
influences firm outcomes without adequately 
investigating the  reverse relationship: how fi-
nancial performance indicators such as market 
share, firm value, or  profitability might drive 
sustainability disclosures.

This study seeks to  address this gap 
by  adopting a  reverse-causality perspective 
grounded in  signaling and resource-based 
arguments, thereby repositioning financial per-
formance as a potential antecedent rather than 
an outcome of  sustainability practices. This is 
especially relevant in  the  Romanian context, 
where sustainability reporting is still emerg-
ing (Păun et  al., 2020), and compliance with 
EU  directives like 2014/95/EU and the  CSRD 
is progressively reshaping corporate disclosure 
expectations (Beleneși et al., 2021). Despite ad-
vancements in Romania’s digital infrastructure 
and regulatory alignment with  the EU (Apostu 
et al., 2023), corporate sustainability reporting 
remains fragmented and uneven. The country’s 
evolving policy environment, therefore, offers 
a  unique empirical setting to  examine how 
firm-level economic indicators influence sus-
tainability disclosure in a landscape where both 
regulatory pressures and market mechanisms 
are still consolidating.

2	 Research methodology
2.1	 Data and sample
The  dataset was sourced from Azores Sus-
tainability and CSR  Services, a  well-known 
organization in  Romania that offers insights 
into  the  Romania Corporate Sustainability 
and Transparency Index (CST  Index), as  well 
as  from the  Risco database. This index is 
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based on ten sustainability indicators, including 
sustainability governance, diversity policy, eco-
nomic impact, climate change and energy, envi-
ronmental governance, employee responsibility, 
anti-corruption policies, marketing and aware-
ness initiatives, community investments, supply 
chain management, and material aspects (man-
agement approach disclosures). Romania was 
deemed suitable for this study due to the limited 
engagement and reporting of sustainability prac-
tices by companies (Beleneși et al., 2021). 

This study employs panel data spanning 
an eight-year period (2016–2023) and focuses 
on  large Romanian companies that publicly 
disclose sustainability information. At  the  time 
of  conducting the  study, the  total number 
of  firms listed in  the database was 34. These 
firms were identified through Azores Sustain-
ability and CSR  Services, a  reputable orga-
nization in  Romania known for its evaluation 
of companies under the CST Index. One com-
pany was excluded due to substantial missing 
data across key variables, resulting in  a  final 
sample of  33  firms. These companies oper-
ate across diverse sectors, including energy, 
manufacturing, telecommunications, finance, 
and consumer goods, offering a  representa-
tive cross-section of  Romania’s corporate 
landscape. Importantly, the dataset exclusively 
comprises large firms, as sustainability disclo-
sures in  Romania remain largely the  domain 
of sizable corporations due to regulatory pres-
sures and stakeholder expectations. The  final 
dataset consists of 264 firm-year observations 
(33 companies × 8 years), providing adequate 
variation for robust statistical analysis.

Sustainability disclosure data were primar-
ily sourced from Azores Sustainability and 
CSR  Services, which monitors non-financial 
corporate reporting in  Romania. Financial 
performance data and other firm-specific vari-
ables were obtained from the Risco database, 
a  trusted platform for Romanian financial and 
credit information. The  integration of  these 
data sources enhances both the credibility and 
comprehensiveness of the dataset. To preserve 
confidentiality and uphold ethical research 
standards, the  identities of  the  firms have 
been anonymized using coded letter identifiers 
(e.g., Company A, Company B). This approach 
ensures data integrity while protecting sensitive 
corporate information.

We acknowledge that the sample compris-
es only 33 firms; however, these firms represent 

the  entire population of  large, publicly listed 
companies covered by  Azores Sustainabil-
ity and CSR Services for which complete data 
on  sustainability disclosures, financial ratings, 
and market performance indicators were avail-
able during the study period. Although relatively 
small, the sample is highly representative and 
contextually significant, reflecting the  early 
and evolving nature of  sustainability reporting 
in Romania. While the limited sample size may 
constrain  the  generalizability of  the  findings, 
the  study offers important insights into how 
firms in an emerging economy are responding 
to evolving regulatory requirements, particularly 
under frameworks such as  the  EU’s  CSRD. 
The  findings provide actionable guidance for 
Romanian companies, policymakers, and other 
post-transition economies navigating similar 
regulatory transformations.

2.2	 Measurement constructs
The independent variable for this study is firm 
performance, which captures the  financial 
and market success of  a  business. According 
to  Mikalef et  al. (2023), organizational perfor-
mance reflects profitability, operational growth, 
and the capacity to  compete effectively in dy-
namic markets. Firm performance is a  central 
indicator of an organization’s health and long-
term sustainability. In  line with prior studies 
(e.g.,  Alsaifi et  al., 2020), we  operationalized 
firm performance using two market-based in-
dicators: market share and market value, and 
two accounting-based indicators: financial rat-
ing and probability of insolvency. Market share 
was measured as a relative percentage of total 
industry sales, capturing a  firm’s competitive 
standing within its sector. Market value was 
reported in  absolute Euro terms and reflects 
the firm’s valuation as perceived by  investors. 
Financial rating indicates the firm’s creditworthi-
ness, a  proxy for financial health, expressed 
as  a  relative score or  category. The  probabil-
ity of  insolvency was measured in percentage 
terms and reflects the  estimated likelihood 
of  a  firm facing financial distress, thus serv-
ing as  a  risk metric. These indicators were 
sourced from the  Romanian Risco database, 
a  reliable repository of  firm-level financial and 
performance data.

The  dependent variable is corporate sus-
tainability disclosure, defined as  the  extent 
to  which firms communicate environmental, 
social, and governance (ESG) commitments 
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to stakeholders (Stocker et al., 2020). Disclosure 
serves as  a  critical transparency mechanism 
and a response to institutional pressures such 
as EU  regulatory mandates (e.g.,  the CSRD). 
We  used data from the  Romania Corporate 
Sustainability and Transparency Index, formerly 
the Romanian CST Index, which is the country’s 
most comprehensive benchmarking tool for 
sustainability reporting. The index includes both 
quantitative metrics and qualitative evaluation 
across ESG dimensions, targeting primarily 
large firms (500+  employees), though smaller 
firms may also participate.

We included two control variables: firm age 
and shareholder share, based on their theorized 
influence on corporate sustainability strategies 
and disclosure behavior (Appiah-Kubi, 2025). 
Firm age reflects organizational maturity, learn-
ing capacity, and institutional memory. Older 
firms may have more established stakeholder 
relationships, governance structures, and grea
ter pressure to  disclose sustainability efforts 
(Sánchez Pulido et  al., 2022). We  measured 
firm age by  calculating the  natural logarithm 
of  the  number of  years since incorporation 
to  reduce skewness due to  outliers and non-
linearity. Shareholder share represents owner-
ship concentration, capturing the  percentage 
of total shares held by the largest shareholder. 
A  higher concentration may either incentivize 
or  deter sustainability disclosures, depending 
on  whether dominant shareholders are long-
term-oriented or focused on short-term returns. 
Prior studies (e.g.,  Zaid et  al., 2020) suggest 
that concentrated ownership can influence dis-
closure practices due to differences in account-
ability and stakeholder engagement norms. 
Together, these constructs provide a robust em-
pirical foundation to  investigate how firm-level 
performance and governance dynamics shape 
sustainability disclosure practices in Romania’s 
evolving institutional context.

2.3	 Statistical analysis
To analyze the effect of firm performance indi-
cators on  corporate sustainability disclosures, 
we  employed panel data regression using 
the  random effects (RE) model. This choice 
is grounded in  both theoretical and empirical 
considerations.

First, the structure of our dataset, compris-
ing multiple observations over time for each 
firm, necessitates an  estimation technique 
that accounts for unobserved heterogeneity 

across firms. In  our case, individual firms 
may have time-invariant characteristics (such 
as corporate culture, management philosophy, 
or  reporting history) that could influence dis-
closure practices. The RE model accounts for 
this heterogeneity by allowing for a firm-specific 
error component.

Second, we  conducted the  Hausman test 
to  determine the  appropriate model between 
fixed effects (FE) and random effects. The null 
hypothesis of  the  Hausman test posits that 
the  preferred model is  RE, as  it assumes no 
correlation between the  firm-specific effects 
and the  explanatory variables. Our  test result 
was statistically insignificant (p  >  0.05), indi-
cating that the RE model is more efficient and 
appropriate than the FE model in this context.

Third, the RE model enables the  inclusion 
of  time-invariant variables, such as  company 
age, which are important control variables 
in  our analysis. In  contrast, fixed-effects 
models would eliminate these variables due 
to  their inability to  estimate coefficients for 
time-invariant predictors.

Finally, previous studies with similar data 
structures and research questions, particu-
larly in sustainability and corporate governance 
research in  emerging markets, have widely 
adopted random-effects estimation (Bahadori 
et al., 2021). Hence, our methodological choice 
is aligned with established empirical practices.

The  statistics for the  variables presented 
in Tab. 1 indicate that the average CST Index 
score was  71.01, with a  standard deviation 
of  21.35 from the  mean. The  median, mini-
mum, and maximum values were 78.00, 22.00, 
and 99.00, respectively. The CST Index also ex-
hibited a  platykurtic distribution, as  evidenced 
by its kurtosis value of less than 3. For the com-
pany’s age, the average was 23.09, with a stan-
dard deviation of  7.58 from the  mean, while 
the  median, minimum, and maximum values 
were 24.00, 3.00, and 33.00, respectively. This 
variable showed a  leptokurtic distribution, with 
a kurtosis value greater than 3. It could also re-
flect a  mesokurtic distribution due to  a  skew-
ness value of −0.78, suggesting a potential long 
left tail with lower values than the sample mean. 
For the financial rating, the mean was 6.82, with 
a  standard deviation of  1.48 from the  mean, 
while the  minimum, median, and maximum 
values were 2.40, 7.10, and 9.50, respectively. 
This variable displayed a  platykurtic distribu-
tion, with a  kurtosis value of  less than  3 and 
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The  covariance and correlation results 
in Tab. 2 reveal that the CST Index has a nega-
tive relationship with both company age and 
probability of  insolvency, while exhibiting 
a  stronger positive relationship with market 
value compared to financial rating and market 

share, as anticipated. Conversely, the CST In-
dex shows a positive association with financial 
rating, market share, market value, and share-
holders share. However, CST  Index shows 
a negative association with company age, and 
probability of  insolvency. Shareholder’s share, 

a  skewness of  −0.61, indicating the  potential 
for values below the sample mean. In contrast, 
the  market share had a  mean of  26.83 and 
a  standard deviation of  28.86 from the mean, 
with minimum, median and maximum values 
of 0.004, 0.030, and 0.100, respectively.

Similar to  the  CST  Index, market share 
exhibited a  leptokurtic distribution (with  a  kur-
tosis of  3.86), suggesting a  peak curve with 
potentially higher values than the  sample 
mean. The  market value averaged  657.33, 
with a  standard deviation of  1,025.50 from 
the  mean. Its  minimum, median, and maxi-
mum values were  0.06, 14.50, and  100.00, 
respectively, indicating a leptokurtic distribution 
(with a kurtosis of 13.93). The probability of in-
solvency had a mean of 10.71, deviating from 
the mean by 19.72, with minimum, median, and 
maximum values of 0.00, 1.00, and 87.00. This 

also  demonstrated a  leptokurtic distribution, 
with a kurtosis of 7.04 and a skewness of 2.22, 
indicating a peak curve that may include values 
exceeding the sample mean. Lastly, the share-
holder’s share had a  mean of  1.363 and 
a  standard deviation of  0.73, with its lowest, 
median, and highest values at  10.40, 15.90, 
and 22.60, respectively. With a  kurtosis value 
of 3.89, it also exhibited a  leptokurtic distribu-
tion and a skewness of 1.64, suggesting a peak 
curve with possible values above the  mean. 
The Jarque-Bera test statistics assesses the dif-
ferences in skewness and kurtosis of the series 
compared to a normal distribution, with the null 
hypothesis (H0) stating that the  distribution is 
normal. As  shown in Tab.  1, we  reject  H0 for 
the  variables since their p-values are less 
than 0.05, indicating that none of the variables 
follow a normal distribution.

Corporate 
sustainability 

and transparency 
index

Company 
age

Financial 
rating Market share Market value

Probability 
of 

insolvency

Shareholders  
share

Mean 71.01 23.09 6.82 26.83 657.33 10.71 1.36

Median 78.00 24.00 7.10 14.50 275.50 1.00 1.00

Maximum 99.00 33.00 9.50 100.00 6,500.00 87.00 3.00

Minimum 22.00 3.00 2.40 0.06 0.00 0.00 1.00

Standard 
deviation 21.35 7.58 1.48 28.86 1,025.50 19.72 0.73

Skewness −0.70 −0.78 −0.61 1.40 3.00 2.22 1.64

Kurtosis 2.39 3.15 2.72 3.86 13.93 7.04 3.89

Jarque-Bera 12.69 27.18 8.60 45.94 634.34 154.79 127.31

Probability 0.00 0.00 0.01 0.00 0.00 0.00 0.00

Sum 9,160.00 6,096.00 886.20 3,461.06 64,418.67 1,103.00 360.00

Sum of squared 
deviations 58,356.99 15,125.82 281.18 106,632.60 102,000,000.00 39,653.26 141.09

Observations 129 264 130 129 98 103 264

Source: own

Tab. 1: Variables statistics
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on the  other hand, displays a  notably strong 
positive correlation with both market share and 
market value, as expected. These two variables 
also  show a  positive relationship with each 
other and the financial rating of the companies. 
Since shareholders own the company and have 
the  right to  share in  the  profits, an  increase 
in  market share and market value directly 
influences shareholder’s share. The  strongest 
correlation is observed between shareholder’s 
share and market share. In  contrast, share-
holder’s share has a  negative relationship 
with the probability of  insolvency, which aligns 
with expectations.

The  stationarity of  the  two ratio measures  
was tested using the Levin, Lin and Chu t* test 
(assuming a common unit root process), along 
with the Im, Pesaran and Shin W-stat, ADF – Fish-
er chi-square, and PP – Fisher chi-square tests 
(assuming individual unit root processes). 
As shown in Tab. 3, the Levin, Lin and Chu  t* 
and ADF – Fisher chi-square statistics are sig-
nificant. Therefore, we reject the null hypothesis 
and conclude that the  CST  Index has no unit 

root at  the  level difference, indicating that it  is 
stationary. Tab. 3 shows the results of the panel 
unit root test.

2.4	 Panel regression analysis
In  order to  determine the  appropriate panel 
data regression model, pooled ordinary least 
squares (POLS) was first run in  E-Views. 
The results are presented in Tab. 4. 

Given that POLS does not account for 
unobserved heterogeneity across individual 
entities, the fixed effect model (FEM) was sub-
sequently estimated. The results are included 
in Tab. 5.

Thereafter, the random effects model (REM) 
was estimated. To assess potential endogene-
ity, the Hausman test was conducted. The test 
failed to reject the null hypothesis, indicating no 
significant endogeneity concerns and validating 
the  suitability of  the  random effects model for 
the  analysis. The  Haussmann test hypothesis 
is as follows:

H0: Random effects model is appropriate 
(where p-value > 0.05).

Covariance  
and correlation

Corporate  
sustainability 

and transparency 
index

Company 
age

Financial 
rating

Market 
share

Market 
value

Probability 
of  

insolvency

Shareholders 
share

Corporate 
sustainability  

and transparency 
index

474.76

1.00

Company age
−30.57 60.42

−0.18 1.00

Financial rating
3.51 1.60 1.96

0.11 0.15 1.00

Market share
109.53 33.49 5.07 703.69

0.19 0.16 0.14 1.00

Market value
6,784.83 −125.20 508.11 11,346.74 1,040.93

0.31 −0.02 0.36 0.42 1.00

Probability 
of insolvency

−1.31 −31.34 −9.73 −105.14 −5,012.86 398.91

−0.00 −0.20 −0.35 −0.20 −0.25 1.00

Shareholders 
share

1.56 1.33 0.04 14.81 281.42 −3.44 0.56

0.10 0.23 0.03 0.75 0.37 −0.23 1.00

Source: own

Tab. 2: Covariance and correlation analysis
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Method Statistic Probability** Cross-sections Observations
Levin, Lin and Chu t* −10.68 0.00 2.00 12.00

Breitung t-stat 1.35 0.91 2.00 10.00

Im, Pesaran and Shin W-stat  −0.94 0.17 2.00 12.00

ADF – Fisher chi-square 11.17 0.02 2.00 12.00

PP – Fisher chi-square 6.46 0.17 2.00 14.00

Note: ** Probabilities for Fisher tests are computed using an asymptotic chi-square distribution; all other tests assume 
asymptotic normality. Null: unit root for Levin, Lin and Chu  t* (assumes common unit root process); null: unit root for 
Im, Pesaran and Shin W-stat (assumes individual unit root process). * indicates the Levin, Lin & Chu test statistic for unit 
root in panel data.

Source: own

Variable Coefficient Standard error t-statistic Probability
Constant 68.46 10.07 6.79 0.00

Market share 0.17 0.06 3.16 0.00

Financial rating 4.36 0.94 4.66 0.00

Probability of insolvency −0.02 0.01 −11.52 0.00

Shareholders share 0.14 0.17 0.85 0.40

Company age −0.02 0.17 −0.11 0.91

Market value 0.01 0.01 5.94 0.00

R-squared 0.20

Adjusted R-squared 0.18

Std. error of regression 19.72

Sum squared residual 99,902.31

Log likelihood −1,158.15

F-statistic 10.74

Prob(F-statistic) 0.00

Mean dependent variable 66.09

Std. dev. dependent variable 21.80

Akaike info criterion 8.83

Schwarz criterion 8.92

Hannan-Quinn criterion 8.87

Durbin-Watson statistic 0.11

Source: own

Tab. 3: Panel unit root test – CST

Tab. 4: Pooled Ordinary Least Squares – CST
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Ha: Fixed-effect model is appropriate (where  
p-value < 0.05).

Also, based on the  study’s objectives, 
the following model was specified:

CST Indexit  = β0 + β1  market valueit + 
+ β2  financial ratingit + β3  market shareit + 
+ β4 Probability of Insolvencyit + 
+ β5 Company Ageit + 
+ β6 Shareholder’s Shareit + ϵit	

(1)

From Tab.  6, the  p-value is greater 
than 0.05, indicating no statistical significance, 
thereby accepting the  null hypothesis. There-
fore, the  random effects model is appropriate 
for this panel regression for CST.

To  ensure the  robustness of  the  results, 
additional tests were conducted to  address 

potential multicollinearity. A correlation analysis 
was performed to  verify that the  independent 
variables were not highly correlated. As  pre-
sented in Tab. 2, all correlation coefficients were 
below the  threshold of  0.8, with the  highest 
being 0.749. This confirms the absence of mul-
ticollinearity among the variables (Senaviratna 
& Cooray, 2019). 

Moreover, to  assess whether there exists 
cross-sectional dependence among the  panel 
units, three widely used tests were employed: 
the Breusch-Pagan LM test, the Pesaran scaled 
LM test, and the Pesaran CD test. These tests 
are particularly relevant in panel data analysis 
as the presence of cross-sectional dependence 
can bias the  results and lead to  inefficient 
estimators. The  results of  the  cross-sectional 
dependency tests, as reported in Tab. 7, show 
that all three tests yielded p-values greater 

Variable Coefficient Standard error t-statistic Probability
Constant 23.64 5.52 4.29 0.00

Market share 0.18 0.06 3.21 0.00

Financial rating 4.19 0.95 4.42 0.00

Probability of insolvency −0.02 0.01 −17.92 0.00

Shareholders share 0.13 0.07 1.84 0.07

Company age −0.12 0.18 −0.68 0.50

Market value 0.01 0.01 3.83 0.00

R-squared 0.21

Adjusted R-squared 0.17

Std. error of regression 19.84

Sum squared residual 98,419.56

Log likelihood −1,156.18

F-statistic 5.19

Prob(F-statistic) 0.00

Mean dependent variable 66.09

Std. dev. dependent variable 21.80

Akaike info criterion 8.86

Schwarz criterion 9.05

Hannan-Quinn criterion 8.94

Durbin-Watson statistic 0.10

Source: own

Tab. 5: Fixed effect model – CST
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than 0.05. Since none of the p-values are statis-
tically significant at the 5% level, we fail to reject 
the null hypothesis of cross-sectional indepen-
dence. This indicates that there is no significant 
cross-sectional dependence among the  panel 
units in  the dataset. Therefore, the panel data 
analysis can proceed under the  assumption 
of cross-sectional independence.

3	 Results and discussion
3.1	 Results
The random effects model analysis (Tab. 8) de-
monstrates that key firm performance indicators 
significantly influence corporate sustainability 
disclosures (CSD). Specifically, market share 
shows a  positive and statistically significant 
effect (β  =  0.211; p  <  0.01), indicating that 
a  100%  increase in  market share is associ-
ated with a  21.1%  increase in  CSD, all else 
being equal. Similarly, financial rating emerges 
as  a  strong positive predictor (β  =  0.380; 
p < 0.01), suggesting that improved creditwor-
thiness is linked to greater sustainability disclo-
sure. Conversely, the probability of  insolvency 
has a  negative and significant effect on  CSD 

(β = −0.013; p < 0.01), implying that firms fac-
ing higher insolvency risks are less likely to en-
gage in  sustainability reporting. Market value 
also contributes positively (β = 0.081; p < 0.01), 
though with a  smaller magnitude, reinforc-
ing the  notion that firms with stronger market 
capitalization are more inclined to  disclose 
sustainability-related information. Regarding 
the control variables, both shareholders’ share 
(β = 0.060) and company age (β = 0.075) ex-
hibit positive but statistically insignificant effects 
(p > 0.05), suggesting limited influence on dis-
closure practices within  the  sample. The  ad-
justed R-squared value of  95.99%  indicates 
that the  model explains a  substantial propor-
tion of  the  variance in  corporate sustainabil-
ity disclosures, underscoring the  robustness 
of the explanatory variables.

3.2	 Discussion
Motivated by the  limited number of Romanian 
companies that disclose sustainability infor-
mation and the often poor quality of such dis-
closures (Păun et  al., 2020), this study 
examined how firm performance influences 

Test summary Chi-square 
statistic

Chi-square degree 
of freedom Probability 

Cross-section random 1.88 4.00 0.60

Variable Fixed Random  Var (diff.)  Probability 
Financial rating 0.38 0.43 0.03 0.77

Probability of insolvency 0.01 0.02 0.00 0.82

Market value 0.01 0.01 0.00 0.20

Source: own

Test Statistic Degree of freedom Probability

Breusch-Pagan LM 948.31 528.00 0.22

Pesaran scaled LM 11.92 0.16

Pesaran CD 9.00 0.18

Source: own

Tab. 6: Hausman test – CST

Tab. 7: Cross-sectional dependence tests
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sustainability disclosure under the  framework 
of Directive 2014/95/EU and the CSRD. The re-
sults reveal that firm performance is  a  sig-
nificant determinant of sustainability disclosure 
across several dimensions. Specifically, market 
share and market value exhibited a significant 
positive effect on sustainability disclosure, un-
derscoring the  role of  competitive positioning 
and external valuation in motivating firms to en-
gage in  sustainability reporting. Additionally, 
financial rating was found to positively influence 
disclosure, while the  probability of  insolvency 
had a negative effect. These findings highlight 
that financially healthier firms are more likely 
to  commit to  transparent sustainability prac-
tices. These results are theoretically supported 
by signalling theory, suggesting that firms use 
sustainability disclosure as  a  strategic tool 

to communicate financial strength and reliability 
to stakeholders. Empirically, the study advanc-
es the literature by reinforcing the bi-directional 
relationship between sustainability disclosure 
and firm performance, where stronger financial 
performance promotes disclosure, and disclo-
sure, in turn, enhances stakeholder perception 
and firm value.

Our findings align with prior studies across 
different contexts. For  instance, Lakatos 
et  al. (2021) found that customer perceptions 
of  sustainability influence loyalty in  Romania. 
Similarly, studies in Ghana (Adu-Yeboah et al., 
2022; Appiah-Kubi et al., 2024) and Saudi Arabia 
(Ghardallou, 2022) affirmed the positive relation-
ship between sustainability practices and firm 
performance. Gupta and Gupta (2020) also con-
firmed this relationship from the  environmental 

Variable Coefficient Standard 
error t-statistic Probability 

Constant 66.37 4.72 14.07 0.00

Market share 0.21 0.04 4.85 0.00

Financial rating 0.38 0.09 4.05 0.00

Probability of insolvency −0.01 0.01 −4.91 0.00

Shareholders share 0.06 0.07 0.91 0.36

Company age 0.08 0.13 0.59 0.56

Market value 0.08 0.02 3.85 0.00

R-squared 0.97

Adjusted R-squared 0.96

Std. error of regression 4.39

Sum squared residual 1,231.54

Log likelihood −263.08

F-statistic 71.33

Probability (F-statistic) 0.00

Mean dependent variable 69.88

Std. dev. dependent variable 21.90

Akaike info criterion 6.06

Schwarz criterion 6.96

Hannan-Quinn criterion 6.43

Durbin-Watson statistic 1.74

Source: own

Tab. 8: Random effect model – CST
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sustainability lens. In sum, this study contributes 
to the literature by empirically demonstrating that 
firm performance significantly drives sustainabil-
ity disclosure in Romania. It highlights the strate-
gic relevance of sustainability reporting as both 
a  reflection of  financial strength and a  mecha-
nism for enhancing organizational legitimacy, 
especially in post-transition economies adapting 
to EU sustainability mandates.

Conclusions
The  primary aim of  this study was to  inves-
tigate whether the  corporate sustainability 
disclosure of  Romanian companies depends 
on firm performance, in an effort to determine 
whether the implementation of 2014/95/EU and 
CSRD directives has been influenced by  their 
performance. Specifically, the  study explores 
the  impact of  market share on the  corporate 
sustainability disclosure of  Romanian com-
panies. Secondly, it  evaluates the  influence 
of financial ratings on their sustainability disclo-
sure. Thirdly, it investigates how the probability 
of  insolvency affects corporate sustainability 
disclosure. Lastly, the study assesses the effect 
of market value on the sustainability disclosure 
of Romanian companies. The main contribution 
of this study is to reduce the ambiguity in exist-
ing research by exploring how firm performance 
impacts corporate sustainability disclosure. 

The findings reveal that market share has 
a positive and significant impact on  corporate 
sustainability disclosure, underscoring the role 
of  competitive advantage in  boosting sustain-
ability outcomes. Additionally, the study shows 
that financial ratings significantly and positively 
influence corporate sustainability, highlighting 
the need to strengthen corporate solvency. This 
is further supported by the third finding, which 
indicates that a  lower probability of  insolvency 
has a negative and significant effect on sustain-
ability disclosure, suggesting that companies 
with lower bankruptcy risks engage more 
in  sustainability initiatives. Moreover, market 
value was found to have a significant positive 
impact on  corporate sustainability disclosure, 
emphasizing the  importance of  enhancing 
a company’s market worth.

Given that market share has a positive and 
significant impact on  corporate sustainability 
disclosure, the board of directors should focus 
on  meeting customer demands to  achieve 
a competitive edge and expand market share. 
For example, they should provide high-quality 

products at  affordable prices and ensure that 
their products or services are easily accessible 
to  customers. Furthermore, given the  posi-
tive and significant impact of  financial ratings 
on corporate sustainability disclosure, manag-
ers should aim to enhance both short-term and 
long-term liquidity. They are encouraged to ef-
ficiently manage existing resources to  ensure 
sufficient cash flow to  support business op-
erations. Moreover, considering the significant 
negative effect of  insolvency risk on corporate 
sustainability disclosure, managers should 
adhere to  corporate governance principles 
to  strengthen the  firms’ long-term viability. 
In light of the significant positive impact of mar-
ket value on corporate sustainability disclosure, 
managers should aim to  enhance their firms’ 
value. This can be accomplished by broadening 
their operations through product development, 
market expansion, market penetration and both 
concentric and conglomerate diversification. 
Additionally, managers are encouraged to en-
gage in  regular market research to  support 
benchmarking efforts that could enhance their 
firms’ market value. Furthermore, forming stra-
tegic alliances is recommended as a strategy for 
improving the market value of their companies. 

Alongside the managerial implications men-
tioned, this paper also offers policy recommen-
dations. The  Romanian government is urged 
to establish measures that support the financial 
performance of local companies. For example, 
the government could offer funding assistance 
to  businesses dedicated to  enhancing their 
corporate sustainability disclosure. Additionally, 
it is suggested that the European Union provide 
financial aid to companies facing liquidity chal-
lenges to  assist in  meeting the  requirements 
of CSRD Directive.

Beyond the  Romanian context, the  study 
draws attention to  the  universal challenges 
faced by companies in emerging and post-tran-
sition economies, particularly regarding their 
capacity to comply with evolving sustainability 
reporting frameworks. By  empirically examin-
ing how firm-level performance indicators such 
as market share, financial ratings, and solvency 
risk influence sustainability disclosure among 
Romanian companies, the study provides con-
textualized insights that are highly transferable 
to  other countries facing similar structural and 
institutional conditions. These include nations 
in Eastern and Central Europe, the Balkans, and 
other post-socialist or  developing EU  member 
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states where sustainability reporting is still evolv-
ing. The  findings emphasize the  importance 
of  strengthening firm performance, not only 
as a driver of economic competitiveness but also 
as a signal to stakeholders of a firm’s sustain-
ability orientation. The results highlight the need 
to  design tailored regulatory interventions and 
support mechanisms that align firm capabilities 
with disclosure requirements. This dual relevance 
positions the study as a meaningful contribution 
to the broader discourse on advancing corporate 
sustainability in  contexts marked by  transition, 
limited capacity, and regulatory shifts.

While this study makes important contri-
butions to  the  literature, it  has limitations that 
highlight potential areas for future research. 
The use of panel data resulted in some missing 
information. Given that many Romanian compa-
nies do not report their sustainability disclosure, 
which complicates access to  their secondary 
data, future studies should focus on  gather-
ing primary data. Utilizing both questionnaires 
and interviews would yield deeper insights 
into  their sustainability and firm performance. 
Consequently, future research should address 
common method bias to  explore the  impact 
of firm performance on corporate sustainability 
disclosure. Although this study analyzed data 
from 2016 to  2023, future research should 
extend the time frame to enhance the number 
of observations and improve the generalizabil-
ity of the findings. Furthermore, while this study 
concentrated on large companies in Romania, 
future research should also  include Small and 
Medium Enterprises as they play a crucial role 
in contributing to the Sustainable Development 
Goals given their prevalence in  almost every 
country. Also, future studies might consider 
companies in  other countries in  an  attempt 
to generalize the findings of our study.
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Abstract: Considering evolving market dynamics, high fixed costs and vulnerability to  external 
shocks, such as the impact of the ongoing global pandemic, it has become increasingly important 
to assess profitability in the accommodation sector. This study proposes a composite profitability 
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value creation. To  ensure methodological robustness, the  study employs three expert-based 
weighting techniques: the exact Saaty method, the approximate Saaty method and the best-worst 
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assessment. Using sectoral data and applying normalised scoring, the index captures profitability 
trends from 2020  to 2023. The aim of  the study is to develop a composite profitability index for 
the accommodation services sector in Slovakia, based on the  identified limitations of  traditional 
indicators. The results show a marked post-pandemic recovery, with profitability index scores rising 
steadily across all weighting methods. Notably, the best-worst method yielded consistently higher 
index values, indicating its sensitivity to  prioritisation extremes. This composite index provides 
accommodation businesses and policymakers with a  practical tool for benchmarking, strategic 
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offering a multidimensional framework for evaluating financial performance.
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Introduction
The  accommodation sector plays a  crucial 
role in each economy, particularly in countries 
with strong tourism potential such as  Slo-
vakia. It  contributes not only to  GDP  gen-
eration, but also significantly supports regional 

development, employment and the  overall at-
tractiveness of the country. However, in recent 
years the  sector has faced unprecedented 
challenges brought about by turbulent develop-
ments in external environment. The COVID-19 
pandemic led to a sharp decline in tourism and 
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occupancy rates, resulting in  severe financial 
distress for many entrepreneurs in  the sector. 
Although recovery is underway, new issues 
continue to  emerge, including changing cus-
tomer behaviour, increasing operational costs, 
and labour shortages. In Slovakia, the industry 
has also been impacted by legislative changes, 
such as shifts in the VAT rate for selected tour-
ism services and proposed changes in  taxa-
tion and wage policy, including the  debated 
introduction of  a  controversial transaction tax. 
Additionally, rising energy prices and inflation 
have put further pressure on the cost structures 
and profitability of accommodation businesses. 
These dynamics highlight the need to reassess 
the financial sustainability of enterprises oper-
ating in  this sector characterized by  their high 
fixed costs and variable demand. Under these 
conditions, a  nuanced understanding of  how 
profitability can be meaningfully assessed is 
essential for both practical decision-making and 
informed policy responses aimed at  strength-
ening the  resilience of  the  accommodation 
industry in the long term.

Profitability represents a  key dimension 
in  assessing a  company’s financial perfor-
mance. In  the  hospitality sector, particularly 
within accommodation services, profitability 
analysis involves distinct challenges due to high 
fixed costs and demand volatility (Alrawabdeh, 
2021). Unlike liquidity and indebtedness, which 
reflect financial stability and capital structure, 
profitability focuses on the  performance and 
efficiency of business operations. It expresses 
the  firm’s ability to  effectively utilize avail-
able capital, assets, or  revenues to  generate 
profit (Fadhillah et  al., 2024). The  importance 
of  profitability metrics is highlighted by  their 
capacity to  guide strategic decision-making, 
attract investment, and facilitate performance 
benchmarking against competitors (Santos 
et  al., 2022). Moreover, regular profitability 
analysis provides a more precise understanding 
of how qualitative outcomes evolve in response 
to  the  transformation of  business processes, 
reflecting the  efficiency of  managing inputs 
and outputs (Lesáková et  al., 2019). While 
profitability indicators offer valuable insights 
into  the  financial performance of  enterprises, 
their interpretation must account for the broader 
external environment (Costa &  Costa, 2024). 
The  accommodation services sector is par-
ticularly exposed to such influences, as demon-
strated by the COVID-19 pandemic, when travel 

restrictions and lockdowns led to  substantial 
revenue losses (Blahušiaková, 2021; Vojteková 
&  Klieštik, 2024). These circumstances high-
light the sector’s vulnerability to environmental 
disruptions, which markedly affect profitabil-
ity even in  otherwise well-performing firms 
(Šebová et al., 2024).

Traditional profitability indicators, such 
as  return on  assets (ROA), return on  equity 
(ROE), and return on sales (ROS), provide only 
a  partial view of  a  firm’s financial health, with 
their interpretation often influenced by  capital 
structure, accounting policies, and the tax envi-
ronment (Altman, 1968; Beaver, 1966; Ohlson, 
1980). Existing studies predominantly focus 
on  individual indicators, resulting in  a  frag-
mented perspective on  financial performance. 
Contemporary authors (Jović &  Tomašević, 
2021; Santos et al., 2022) therefore emphasize 
the  need to  extend performance assessment 
to include indicators capturing broader aspects 
of performance, such as the EBITDA margin or 
the share of value added in revenues. Despite 
these efforts, there remains a  lack of  an  inte-
grated tool that consolidates these indicators 
into a  unified framework, enabling a  multidi-
mensional evaluation of profitability. The study 
addresses this gap by introducing a composite 
profitability index specifically designed for 
the  accommodation services sector. The  in-
dex integrates traditional financial indicators 
(ROE, ROA, ROS) with extended metrics, such 
as  the  share of  value added in  revenues and 
the EBITDA margin, thereby providing a more 
comprehensive assessment of  firm financial 
performance.

To ensure methodological rigour, the study 
employs three expert-based weighting tech
niques: the  exact Saaty method, the  ap-
proximate Saaty method and the best-worst 
method. Drawing on  median industry data 
over the period 2020–2023, the findings reveal 
a consistent post-pandemic recovery trend and 
demonstrate the usefulness of  a  multidimen-
sional framework for assessing profitability. 
The proposed index has valuable implications 
for hospitality practitioners, policymakers and 
tourism stakeholders who are seeking to  im-
prove strategic planning, benchmarking and 
financial decision-making in  an  increasingly 
complex operating environment.

The aim of this study is to develop a com-
posite profitability index for the  accommoda-
tion services sector in  Slovakia, based on 
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the identified limitations of traditional indicators. 
The  proposed index integrates multiple finan-
cial metrics, enabling a  more comprehensive 
assessment of  financial performance. Based 
on  this aim, the  research question is formu-
lated as  follows: Which profitability indicators 
are considered most significant by  experts, 
what weights should they carry in constructing 
a  composite index, and how does the  result-
ing index vary depending on the  weighting 
method applied?

The  paper is organized as  follows. 
Chapter  1 –  Role of  profitability in  business 
performance: Indicators and sector-specific 
considerations, gives information about all in-
dicators examined. Chapter  2 –  Methodology 
and expert-based weighting results provides 
methodology and information on  determining 
weights using exact Saaty method, approxi-
mate Saaty method and so-called best-worst 
method. Chapter  3 –  Results and discussion: 
Overall profitability index presents the  results 
of  our research and show the  growth trend 
of the profitability index in accommodation sec-
tor in  Slovakia. Finally, Conclusions suggest 
further avenues for investigating the  profit-
ability of  not only accommodation services, 
but also  new methods of  determining weights 
in multi-criteria decision-making.

1	 Role of profitability in business 
performance: Indicators and  
sector-specific considerations

The conceptual roots of modern profitability met-
rics reach back to the early 20th century. Brown’s 
DuPont framework, developed around 1912, 
introduced return on investment (ROI) as a key 
measure of business performance – functional-
ly equivalent to what is now commonly referred 
to as return on assets (ROA). By decomposing 
ROI into profitability and efficiency components, 
Brown provided the analytical foundation upon 
which later ratio-based performance frame-
works were built (Flesher &  Previts, 2013). 
Over subsequent decades, numerous schol-
ars (i.e., Altman, 1968; Beaver, 1966; Ohlson, 
1980) further advanced the empirical relevance 
of  profitability indicators. Conventional ap-
proaches to profitability assessment emphasize 
the  calculation of  several key financial ratios, 
with return on  equity (ROE), return on  assets 
(ROA), and return on sales (ROS) being most 
frequently employed indicators. ROE assesses 
profitability relative to owners’ equity, making it 

a critical metric for attracting and retaining in-
vestors. Conversely, ROA is a robust indicator 
of a company’s efficiency in utilizing its assets 
to generate earnings (Aqil et al., 2019). ROA is 
influenced by the effective utilization of assets, 
with performance tied closely to  occupancy 
rates and revenue per available room (Mundi 
et al., 2023). It can be calculated using various 
profit measures depending on the  analytical 
objective and context. The  most common for-
mula uses net income in the numerator provid-
ing a  comprehensive view of  profitability after 
interest and taxes. Alternatively, EBIT (earn-
ings before interest and taxes) is often used 
to assess operational efficiency, as it excludes 
the  effects of  financing and taxation. Some 
financial databases, such as  cribis.sk (2025), 
apply EBT (earnings before taxes) to neutralize 
differences in  tax regimes across companies. 
In performance analysis and value-based man-
agement, NOPAT (net operating profit after tax-
es) may be preferred for its focus on after-tax 
operational returns (Bouwens et  al., 2019). 
Selecting the  appropriate version of  ROA  de-
pends on the purpose of the analysis – whether 
evaluating overall profitability, isolating operat-
ing performance, or  enabling cross-company 
comparability. A higher ROA indicating efficient 
asset utilization in the hospitality sector, where 
asset-heavy investments are common, is  cru-
cial given the  capital-intense nature of  the  in-
dustry (Mundi et al., 2023). ROS, also referred 
to as  operating profit margin when based 
on  operating income, captures the  efficiency 
of  a  firm’s core operational processes, while 
remaining unaffected by  various secondary 
influences, many of which are external and be-
yond the firm’s control. It measures the percent-
age of  revenue that translates into operating 
profit (Lee, 2024). The hospitality industry relies 
on ROS to gauge both operational performance 
and cost-efficiency (Jugović & Maričić, 2024). 

Despite certain conceptual limitations com-
pared to more modern approaches, traditional 
profitability indicators continue to offer several 
important advantages. They satisfy several fun-
damental criteria for effective performance mea-
surement, including accuracy, objectivity, and 
comprehensibility. Their values can typically be 
influenced by managerial actions and measured 
over relatively short time periods. Furthermore, 
they are grounded in internationally recognized 
accounting and financial reporting standards 
(Jović &  Tomašević, 2021). Their auditability 
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enhances their credibility and ensures their con-
tinued relevance in  both academic research 
and practical financial analysis. These ratios 
maintain a prominent role in firm’s performance 
evaluation, largely owing to  their interpretabil-
ity, wide applicability, and the simplicity of their 
computation based on readily accessible finan-
cial statement data. This facilitates consistency 
and comparability across firms and industries, 
while also  serving as  a  foundation for invest-
ment decision-making (Palepu et  al., 2022). 
On  the other hand, it  is important to acknowl-
edge the limitations of these indicators, particu-
larly their high sensitivity to accounting and tax 
policies, as well as the firm’s capital structure, 
Damodaran (2014). Contemporary research 
highlights the  need to  broaden the  traditional 
understanding of  profitability by  incorporating 
indicators that capture wider aspects of  value 
creation. Increasingly, additional measures 
such as the value-added to revenue ratio (VAS) 
and the  EBITDA  margin are being employed 
in  profitability assessments. The  VAS  ratio is 
important mainly in  assessing the  productivity 
and impact of a business on its wider economic 
environment. It  assesses the  extent to  which 
a firm internally generates value relative to  its 
sales revenue. It  expresses the  proportion 
of  sales that remains after deducting the  cost 
of external inputs, thereby reflecting the firm’s 
capacity to generate economic value through its 
operations. A higher VAS ratio indicates a firm’s 
greater ability to retain value within the produc-
tion process, through labour, capital, and in-
novation, rather than transferring it to suppliers. 
The VAS ratio complements traditional metrics 
by offering insight into  the structural efficiency 
of the firm, particularly in terms of its value-gen-
erating potential (Tangen, 2005). Since value 
added reflects the income generated by a firm 
before it  is distributed to  capital and labour, 
it serves as a broader measure of operational 
performance that is less affected by differences 
in  financial structure or  tax regimes. In  both 
cross-industry and longitudinal analyses, 
the VAS ratio can be employed to assess firms’ 
underlying performance, particularly in  indus-
tries where the cost of materials and interme-
diate goods represents a  substantial share 
of  total revenue. This ratio highlights the hos-
pitality sector’s reliance on service quality and 
guest experience as drivers of value creation.

The  EBITDA  margin provides a  more 
comprehensive view of a firm’s financial health 

(Setyopurnomo et  al., 2025), capturing core 
operational performance without the distortion 
caused by tax strategies, depreciation methods, 
or variations in capital structure. EBITDA serves 
as  a  generalizable metric (a  “one-size-fits-all” 
accounting figure) that summarizes a  firm’s 
profitability, cash-generating capacity, and its 
ability to service debt. It is calculated by adding 
back depreciation and amortization, which are 
non-cash expenses that do not affect the com-
pany’s current cash flow (Bouwens et  al., 
2019). Additionally, some argue that excluding 
interest and taxes enhances the comparability 
of  the  metric across different firms (D’Souza 
et al., 2010). The EBITDA margin has emerged 
as  a  widely recognized proxy for assessing 
long-term operational efficiency, Maxim (2023). 
In  recent years, it  has attracted consider-
able attention both in  academic literature and 
in practice, owing to its capacity to reflect core 
profitability unaffected by capital structure, tax 
regimes, or non-cash accounting items.

As such, it is frequently employed as a stan-
dardized benchmark for comparing profitability 
across firms and industries. A high EBITDA mar-
gin signals strong core profitability, critical for 
covering fixed costs and supporting ongoing in-
vestment in property and service improvements.

Subsequently, the  formulas for computing 
the  above-mentioned profitability ratios are 
introduced as follows:

ROE  =         net income
               shareholder equity   × 100%

	
(1)

ROA  =   net income
                total assets   × 100%

	
(2)

ROS  =  operating profit
                     net sales           × 100%

	
(3)

Share of value  
added in sales  =  

operating profit 
                                  

      net sales        
   

× 100%

	
(4)

EBITDA  
margin  =

    net income + taxes + 
                         + interest expense + 
                                    + D&A
                                    net sales                × 100%

	(5)

where: D&A – depreciation and amortization.
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Understanding profitability necessitates 
a comprehensive financial analytical approach 
that integrates multiple key performance indica-
tors (Elexa, 2021). Profitability metrics provide 
crucial insights into operational efficiency, 
capital utilization, and overall financial health. 
Employing these indicators enables firms to diag-
nose performance drivers and areas of strength 
or weakness, thereby facilitating more informed 
strategic decision-making and promoting sustain-
able growth. However, relying solely on individual 
financial ratios can offer fragmented perspective 
that may not fully capture the multidimensional 
nature of  firm’s performance (Altman, 1968; 
Beaver, 1966). To address these limitations, the 
development of  a  composite index construed 
using expert-based methodologies offers a more 
integrated and robust assessment framework 
in multi-criteria decision making (Ishizaka & La-
bib, 2011; Saaty, 1977). By aggregating diverse 
financial metrics into a weighted index, tailored 
specifically for the  hospitality accommodation 
sector, this approach contributes to a broader 
understanding of  financial performance by 
combining key indicators into a  unified index 
(Ohlson, 1980). Such  composite indices are 
invaluable for benchmarking and comparative 
analysis, enabling stakeholders to identify best 
practices and emerging risks within  the  indus-
try. This is particularly critical in  hospitality, 
where market volatility, seasonality, and het-
erogeneous business models pose challenges 
for straightforward financial evaluation (Enz, 
2009). Incorporating expert insights to  deter-
mine the relative importance and optimal values 
of key profitability metrics enhances the index’s 
relevance and practical utility of  these metrics 
within the sector’s specific context. 

The  profitability index is  a  comprehensive 
measure combining various profitability indica-
tors to provide a more holistic view of a firm’s 
financial health. In  the  hospitality sector, this 
index can help benchmarking performance 
against industry standards and identifying ar-
eas for improvement.

2	 Methodology and expert-based 
weighting results

To construct a  profitability index for the  ac-
commodation services sector, we first needed 
to  obtain data on the  perceived importance 
of  selected profitability indicators and their 
values considered to be acceptable (“optimal”) 
from the  perspective of  long-term business 

sustainability in  this sector. To  achieve this, 
we  approached 20  experts. Their selection 
was based on  their demonstrated expertise 
in  economics, finance and financial analysis, 
accounting, business, and accommodation 
management, as well as on  their practical ex-
perience in assessing financial performance or 
on relevant publications in the field. From the ex-
perts contacted, we ultimately formed a panel 
of 14 experts who expressed willingness to col-
laborate with  us. The  expert panel comprised 
14  participants: six academics specializing 
in financial analysis and tourism, four managers 
of accommodation facilities with over ten years 
of professional experience, two hospitality con-
sultants, and two professionals from industry 
associations. Data were collected in two rounds 
of  a  modified Delphi method between March 
and May 2025, using a  structured electronic 
assessment form. Each  round lasted approxi-
mately two weeks, with anonymized summaries 
of responses provided to participants between 
rounds for review. The  form consisted of  two 
main sections: (i)  pairwise comparison of  five 
indicators using the analytic hierarchy process 
(AHP) scale (1–9); and (ii) estimation of the op-
timal values for the indicators. Each section was 
accompanied by a methodological explanation 
and an  illustrative example. The  assessment 
form was based on the  procedures described 
by Saaty (1977) and Rezaei (2016a) and was 
validated through pilot testing. The  participat-
ing experts were asked to respond to two main 
questions, following a  detailed explanation 
of  the  research objectives and the  response 
procedure.

Determining the relative importance  
of profitability indicators
Respondents were asked to  rank five selected 
profitability indicators based on  their subjec-
tive assessment of the indicators’ relevance for 
evaluating the  sustainability and performance 
of accommodation service providers. The indica-
tors were: I1 – return on equity (ROE); I2 – return 
on  assets (ROA); I3  –  return on  sales (ROS); 
I4  –  value added share (VAS) in  revenues; 
I5 – EBITDA margin (EBITDA to revenues).

Respondents then entered their rankings 
into a  pairwise comparison matrix based on 
the principles of the AHP method. 

The  respondents’ task was to  rank the  in-
dividual indicators from most to least important 
based on  their subjective opinion. They were 
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then asked to write the  indicators in a square 
table or  matrix, expressing the  importance 
of  a  row indicator versus a  column indicator 
using the numbers 1, 3, 5, 7 and 9 (Tabs. 1–3).

Determining the “optimal” values  
of profitability indicators
In the second part of the questionnaire, the ex-
perts were asked to estimate the “optimal” values 
for each profitability indicator as  a  percentage 
rate. Although we refer to  these values as “op-
timal”, it  is acknowledged that, in  the  context 
of profitability indicators, universally optimal val-
ues cannot be strictly defined. Rather, the term 
“optimal” is used here to denote expert-informed 
target values that are considered appropriate 
for ensuring the long-term sustainability of busi-
nesses in this specific sector. These values re-
flected their opinions on  what would constitute 
sustainable levels of profitability for businesses 
operating in the accommodation services sector.

After two rounds of questioning, we arrived 
at the final values to work with. We used a mod-
al matrix to  determine a  matrix of  importance 
values. The  optimal values were determined 
as the median values of  the  indicators, as as-
sessed by  our experts. We  then calculated 
the weights of each indicator, as shown in using 
three methods: the exact Saaty method, the ap-
proximate Saaty method, and the  best-worst 
method, as shown in the following subsections. 
Each method has its advantages and disadvan-
tages. From our point of view, the approximate 
Saaty method is probably the simplest, Damo-
daran (2015). However, given the  availability 
of  the Solver function in MS Office Excel, it  is 
advisable to use the exact Saaty method, Saaty 
(2005). One  of  the  most recent methods for 
determining weights is the best-worst method, 
introduced by Rezaei (2016b) and Brunelli and 
Rezaei (2019). The  solver he constructed is 
available for free in Rezaei (2016b).

2.1	 Saaty method
Weighting criteria is essential in decision-mak-
ing when setting priorities. Several methods ex-
ist for this, notably Saaty exact method, which 
uses pairwise comparisons on a 9-point scale 
and computes weights via the  eigenvector 
of  the  comparison matrix (Boďa & Úradníček, 
2021; Brunelli & Rezaei, 2019). 

The first step of the Saaty method is to con-
struct a  matrix that has as  many rows and 
columns as  there are indicators. We  write 

the values from 1 to 9 in the table to express 
the  relative importance of  the  row indicator 
compared to  column one. To  make the  data 
consistent, it  is obvious that we  express 
the  relative “unimportance” as  the  inverted 
value.

To verify the validity of the matrix, it  is first 
necessary to calculate the so-called Saaty con-
sistency index (CI) as follows:

CI  =  λmax – n
              n – 1   	

(6)

where: λmax  –  the  largest positive eigenvalue 
of the matrix; n – number of indicators.

The so-called consistency ratio CR is calcu-
lated according to the formula:

CR  =   Cl
             RI  	

(7)

where: RI – random index, which can be found 
in  Beaver (1966) or Mu  and  Pereyra-Rojas 
(2017). For  n  =  5 random index RI  =  1.11 
(Altman, 1968).

For the matrix to be valid, in other words, 
for us to  consider the  matrix as  sufficiently 
consistent, with respect to  Beaver (1966) 
the value of CR must not exceed 0.10. There-
fore, if  the  consistency ratio is at  most  0.10, 
the  matrix can be considered sufficiently 
consistent, otherwise it  is necessary to  re-
evaluate the  mutual comparisons of  criteria, 
or indicators.

This statement implies that the consistency 
index expresses the  degree of  inconsistency 
of the matrix.

Remark 1
In  practice, it  is rarely possible to  achieve 
full matrix consistency. But it should not be 
enforced unconditionally. In  the  case of  in-
consistent matrices, an  eigenvector with 
positive components is searched for, the sum 
of  which is  1, corresponding to  the  largest 
eigenvalue  λmax of  the  matrix. It  is appropri-
ate that λmax  ≈  n, and the  other eigenvalues 
are positive and close to  0. This follows 
from the  consideration that small changes 
in  the  matrix elements lead to  only small 
changes in the eigenvalues. 

When determining the  weights, we  pro-
ceed from the  condition that the  elements 
of  the matrix sij differ as  little as possible from 
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2.2	 Approximate Saaty method
The approximate Saaty method is a great help 
for those who do not have a solver in MS Of-
fice Excel (Boďa & Úradníček, 2021). By simply  

 
calculating the  geometric mean of  the  values 
assigned to each indicator, we  can determine 
the weights of each indicator.

the  matrix  vi/vj, and as  a  suitable measure 
we use the sum of the squares of the deviations 
of the elements of both matrices.

Therefore, the individual weights, which are 
listed in Tab. 1, can be calculated using the sol-
ver function in MS Office Excel, where the Saa-
ty optimization criterion is minimized.

min ξ = ξ*	 (8)

Under the conditions:

 

min ∑∑(𝑠𝑠𝑖𝑖𝑖𝑖 −
𝑣𝑣𝑖𝑖
𝑣𝑣𝑗𝑗
)
2𝑛𝑛

𝑗𝑗=1

𝑛𝑛

𝑖𝑖=1
<  ξ 

 (9) 
 
and 
 

𝑣𝑣1,𝑣𝑣2, … , 𝑣𝑣𝑛𝑛  >  0  ⋀  ∑𝑣𝑣𝑖𝑖 = 1
𝑛𝑛

𝑖𝑖=1
 

(10) 

	

(9)

and
 

 

min ∑∑(𝑠𝑠𝑖𝑖𝑖𝑖 −
𝑣𝑣𝑖𝑖
𝑣𝑣𝑗𝑗
)
2𝑛𝑛

𝑗𝑗=1

𝑛𝑛

𝑖𝑖=1
<  ξ 

 (9) 
 
and 
 

𝑣𝑣1,𝑣𝑣2, … , 𝑣𝑣𝑛𝑛  >  0  ⋀  ∑𝑣𝑣𝑖𝑖 = 1
𝑛𝑛

𝑖𝑖=1
 

(10) 
	

(10)

where: sij – the  individual elements of  the ma-
trix; i, j = 1, 2, …, n; vi – the weight of the ith indi-
cator; vj – the weight of the jth indicator.

i, j I2 I3 I1 I4 I5 vi

I2 1 3 5 7 9 0.4409

I3 0.3333 1 3 5 7 0.3108

I1 0.2000 0.3333 1 3 5 0.1403

I4 0.1429 0.2000 0.3333 1 3 0.0633

I5 0.1111 0.1429 0.2000 0.3333 1 0.0446

vj 0.4409 0.3108 0.1403 0.0633 0.0446 ∑𝑣𝑣𝑖𝑖
𝑛𝑛

𝑖𝑖=1
= 1 

Note: I1 – return on equity (ROE); I2 – return on assets (ROA); I3 – return on sales (ROS); I4 – value added share (VAS) 
in revenues; I5 – earnings before interest, taxes, depreciation, and amortization margin (EBITDA to revenues).

Source: own

i, j I2 I3 I1 I4 I5 pi vi

I2 1 3 5 7 9 3.9363 0.5100

I3 0.3333 1 3 5 7 2.0362 0.2638

I1 0.2000 0.3333 1 3 5 1.0000 0.1296

I4 0.1429 0.2000 0.3333 1 3 0.4911 0.0637

I5 0.1111 0.1429 0.2000 0.3333 1 0.2541 0.0329

Sum ∑𝑝𝑝𝑖𝑖
𝑛𝑛

𝑖𝑖=1
= 7.7176 ∑𝑣𝑣𝑖𝑖

𝑛𝑛

𝑖𝑖=1
= 1 

Source: own

Tab. 1: Saaty exact method

Tab. 2: Approximate Saaty method



992026, volume 29, issue 2, pp. 92–106, DOI: 10.15240/tul/001/2026-2-007

Business Administration and Management

The  individual values of pi are determined 
using the following formula:

	

(11)

We  use the  formula to  calculate the  nor-
malized weights from the  individual pi  values 
as follows:

𝑣𝑣𝑖𝑖 =
𝑝𝑝𝑖𝑖

∑ 𝑝𝑝𝑖𝑖𝑛𝑛
𝑖𝑖=1

 
	

(12)

2.3	 Best-worst method
The best-worst method (BWM) was introduced 
by  Rezaei (2015, 2016a) and involves select-
ing the best and worst criteria and comparing 
them with others, making it effective for large 
sets of criteria. The best-worst method is based 
on a sequential comparison of pairs of  indica-
tors. In addition, it is shown that over the course 
of several years this method has become very 
popular in  multi-criteria decision-making due 
to its properties.

The  method is implemented in  several 
steps.

Step 1. A set of decision indicators is determined.

Step 2. The best and worst criterion, or indica-
tor, is  determined. If  more than one criterion, 
or  indicator, is  considered the  best or  worst, 
one can be arbitrarily chosen, Rezaei (2016a). 
In our case, among the five indicators, the most 
significant one is identified – best and the least 
significant – worst. 

Step 3. The  preference for  the  best indicator 
will be gradually expressed in comparison with 
the  other indicators using the  cardinal scale, 
which was also  used in  previous methods. 
The value 1 again represents a match in impor-
tance. Thus, we get AB = (sB1, ..., sBn) as the vec-
tor of  the best indicator relative to  the others. 
In our case, among the five indicators, the most 
significant one is identified – best and the least 
significant – worst. The best in our case is indi-
cator I2 and the worst one is I5.

Step 4. The preference for the best indicator will 
gradually emerge in comparison with the other 

indicators using the cardinal scale, which was 
also  used in  previous methods. The  value  1 
again represents a match in importance. Thus, 
we get AB = (sB1, ..., sBn) as the vector of the best 
indicator relative to  the  others. In  our case, 
it  is the vector AB = (1, 3, 5, 7, 9), see Tab. 3. 
The preference of other indicators to the worst 
indicator is gradually expressed by the  vector 
AW = (s1W, ..., snW)T. This vector in the framework 
of our indicators is AW = (9, 7, 5, 3, 1)T and is 
written in Tab. 3.

Step 5. Determination of  the  optimal weights 
(v1

*, v2
*, …, vn

*). Optimal weights are determined 
using a mini-max optimization model.

min sup{|𝑣𝑣𝐵𝐵𝑣𝑣𝑖𝑖 − 𝑠𝑠𝐵𝐵𝐵𝐵| , | 𝑣𝑣𝑖𝑖𝑣𝑣𝑊𝑊 − 𝑠𝑠𝑖𝑖𝑖𝑖|}  
	

(13)

With conditions:

𝑣𝑣1, 𝑣𝑣2, … ,𝑣𝑣𝑛𝑛 > 0 ⋀∑ 𝑣𝑣𝑖𝑖 = 1𝑛𝑛
𝑖𝑖=1 . 

 
	 (14)

This model is converted to the model:

min ξ = ξ*	 (15)

Under conditions:

|𝑣𝑣𝐵𝐵𝑣𝑣𝑖𝑖
− 𝑠𝑠𝐵𝐵𝐵𝐵| ≤ 𝜉𝜉 and | 𝑣𝑣𝑖𝑖𝑣𝑣𝑊𝑊

− 𝑠𝑠𝑖𝑖𝑖𝑖| ≤ ξ 
	

(16)  

and  𝑣𝑣1, 𝑣𝑣2, … ,𝑣𝑣𝑛𝑛 > 0 ⋀∑ 𝑣𝑣𝑖𝑖 = 1𝑛𝑛
𝑖𝑖=1 . 

 
	 (17)

By solving this model, we obtain the optimal 
weights (v1

*, v2
*, …, vn

*).

Step 6. The  last step is to  calculate the  level 
of  inconsistency using a  robust index called 
the consistency ratio CRBW, which is given by:

𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵 = ξ∗
𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵  	 (18)

where: CIBW – the consistency index.
The  consistency index is for the  num-

ber of  indicators and at  the  same time for 
the  maximum value of  the  relative importance 
scale in  the  pairwise comparison of  indicators 
n = aBW = 5 at the level of 2.30 (Dijkstra, 2011; 

ξ  and
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Mi et al., 2019). Using the solver Rezaei (2016b), 
we obtained the optimal value ξ* = 0.1104, and 
therefore CRBW  =  0.0480. The  consistency 
ratio is  a  number from the  interval [0,  1], and 
the smaller it is, the more reliable the results are.

ROA  (I2) is consistently the  most im-
portant indicator, especially emphasized by 
the  best-worst and approximate Saaty meth-
ods. EBITDA  margin (I5) and added value 
in sales VAS (I4) are considered the least sig-
nificant across all methods. Weighting patterns 
are generally consistent, though best-worst 
tends to compress weights more modestly than 
the Saaty methods. Fig. 1 shows that the best-
worst method tends to  assign higher weights 

to the most important indicator (ROA) and lower 
weights to  the  less important ones, resulting 
in a more polarised distribution.

In  contrast, the  exact and approximate 
Saaty methods produce more evenly distrib-
uted weights, particularly between the top three 
indicators (ROA, ROS and ROE). This indicates 
a more balanced view of importance. The exact 
and approximate Saaty methods yield very 
similar results, reflecting the  fact that the  ap-
proximation does not significantly deviate from 
the  exact calculation. The  best-worst method 
emphasizes extremes more strongly, whereas 
the  Saaty methods distribute importance 
more evenly.

Indicator
I2 I3 I1 I4 I5

Selected the best I2

Selected the worst I5

The best to others AB 1 3 5 7 9

Others to the worst AW 9 7 5 3 1

Optimal weights vi
* 0.5246 0.2117 0.1270 0.0907 0.0460

Source: own

Tab. 3: Best-worst method

Fig. 1: Weights of individual profitability indicators

Source: own
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of  the  indicators under study on  a  100-point 
scale. All scores were determined within a  lin-
ear relationship, as illustrated for the ROE indi-
cator in Fig. 2.

The optimal value of each indicator is deter-
mined based on the responses of our experts and 

is always assigned a score of 100. A score of 0 is 
assigned to each indicator with a zero value.

The  corresponding scores are reported 
in Tab. 4.

To improve orientation regarding the grow-
ing development of  the  data in  Tab.  4, 

The  resulting indicator weights provide 
the  basis for constructing a  composite profit-
ability index.

3	 Results and discussion: Overall 
profitability index

This chapter presents the main findings of our 
investigation into selected profitability indica-
tors. It recalls the procedure and data process-
ing, and presents the results; specifically, the 
overall profitability index of accommodation 
facilities in Slovakia as determined in this study.

To reach a  consensus on the  “optimal” 
values, it  was necessary to  conduct a  multi-
round survey using a modified Delphi method. 
In this iterative process, experts were provided 
with anonymous summaries of the results from 
previous rounds, allowing them to  revise their 

responses if  they wished. The  responses 
in  the  final round showed no significant de-
viations, and the  final “optimal” values used 
in the construction of the profitability index were 
derived as the median of the experts’ estimates. 
These values are reported in Tab. 4. The result-
ing weight coefficients and “optimal” profit-
ability values formed the basis for constructing 
the profitability index for enterprises in  the ac-
commodation services sector. The index reflects 
not only the financial indicators themselves but 
also the expert consensus on their relative im-
portance and target (“optimal”) values, thereby 
providing a more context-sensitive tool tailored 
to this specific segment of the tourism industry.

Based on the  optimal values of  the  indi-
vidual indicators and the sectoral median values 
CRIBIS.SK (2025), we calculated the initial values 

Fig. 2: Score of the profitability indicator ROE (I2) for year 2023

Note: The values displayed in purple – real value ROE (I1) and corresponding score for year 2023.

Source: own
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we  also  present a  graphical representation 
of the development of the indicators examined 
on Fig. 3.

The  overall profitability index for each 
year is calculated as  the  weighted arithmetic 
mean of the indicator scores, using normalised 
weights determined by the  exact Saaty 
method, by the approximate Saaty method or 
the best-worst method as follows, see Tab. 5.

𝑊𝑊𝑊𝑊𝑊𝑊 = ∑𝑣𝑣𝑖𝑖 × score 𝐼𝐼𝑖𝑖
5

𝑖𝑖=1
 

	
(19)

All  methods show consistently increasing 
trends, reflecting strong post-COVID recov-
ery. The best-worst method yields the highest 
profitability scores each year. The  exact and 

I2 I3 I1 I4 I5
Optimal value (median; %) 5 6 15 30 15

Relevant ratio

CRIBIS.SK 2020 score* −0.16
0.00

−0.26
0.00

−1.47
0.00

20.30
67.67

3.52
23.47

CRIBIS.SK 2021 score* −0.01
0.00

−0.06
0.00

−0.14
0.00

17.36
57.87

4.45
29.67

CRIBIS.SK 2022 score* 0.01
0.20

0.00
0.00

2.35
15.67

23.36
77.87

6.83
45.53

CRIBIS.SK 2023 score* 1.02
20.40

0.79
13.17

3.80
25.33

25.59
85.30

8.43
56.20

Note: I1 – return on equity (ROE); I2 – return on assets (ROA); I3 – return on sales (ROS); I4 – value added share (VAS) 
in revenues; I5 – earnings before interest, taxes, depreciation, and amortization margin (EBITDA to revenues).
* row 1 – real values of the indicators from CRIBIS.SK; row 2 – the indicators scores directly proportional to the optimal 
values, which have a score of 100 points.

Source: own

Tab. 4: Scores of individual profitability indicators

Fig. 3: The growth trend of the examined indicators scores on a scale of 100 points

Source: own
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approximate Saaty methods closely track each 
other, especially in 2023 (Fig. 4).

The  results provide a  response to  the  for-
mulated research question. The  indica-
tors ROA, ROS, and ROE emerged as the most 
significant, with ROA  receiving the  highest 
weight across all applied methods (exact Saaty, 
approximate Saaty, and best-worst). The value 
of  the  composite index varied depending on 
the  weighting method: the  best-worst method 
yielded the  highest score, whereas the  Saaty 
methods produced a more balanced distribution 

of weights. These findings confirm that the com-
posite index enables a  more comprehensive 
assessment of financial performance than indi-
vidual indicators.

Comparison with the  literature indicates 
that our results are consistent with Santos 
et  al. (2022), who emphasize the  importance 
of ROS; however, in our study, ROA emerged 
as the most critical indicator. Similarly, as noted 
by  Maxim (2023) regarding the  relevance 
of  the  EBITDA  margin, our findings also  un-
derscore its significance, albeit with a  lower 

Year
Overall profitability index

Exact Saaty 
method

Approximate 
Saaty method

Best-worst 
method

Average score 
(individual years)

2020 5.34 5.08 7.22 5.88

2021 4.99 4.66 6.61 5.42

2022 9.25 8.59 11.25 9.70

2023 24.56 24.44 27.03 25.34

Score range 
(2020–2023) 19.56 19.78 20.42

Source: own

Tab. 5: The overall profitability index (2020–2023)

Fig. 4: The overall profitability index

Source: own
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weight. Tangen (2005) and Costa and Costa 
(2024) highlight the  need for a  broader per-
spective on  value creation, which is reflected 
in  our composite index through the  inclusion 
of the VAS indicator.

Moreover, the  differences observed be-
tween the  weighting methods suggest distinct 
approaches to  indicator prioritization. The 
best-worst method accentuates extremes, 
which may be suitable in contexts, where iden-
tifying a dominant factor (e.g., ROA) is critical, 
whereas the  Saaty methods provide a  more 
balanced perspective, appropriate for complex 
decision-making. This distinction has practical 
implications: firms with high capital intensity 
may favor an approach emphasizing asset uti-
lization efficiency. Furthermore, the  results 
indicate that incorporating broader indicators, 
such as VAS, can better capture a firm’s value-
creation capability, which is particularly impor-
tant during periods of economic turbulence.

Conclusions
The  accommodation industry is currently 
navigating a period of recovery following a se-
ries of  significant external shocks, including 
the  COVID-19 pandemic, the  energy crisis, 
and persistently high inflation. These disrup-
tions have revealed structural vulnerabilities 
within  the  sector and highlighted the need for 
greater resilience, adaptability, and financial 
prudence. In  response, accommodation pro-
viders are increasingly focused on eliminating 
operational inefficiencies, fostering continuous 
improvement, and leveraging technological 
innovations that streamline processes and en-
hance the overall guest experience. In this con-
text of  heightened uncertainty and economic 
pressure, ensuring long-term financial sustain-
ability is paramount. Ensuring long-term finan-
cial sustainability in this context requires a more 
comprehensive approach to performance eval-
uation, moving beyond isolated profitability 
indicators toward composite indices that cap-
ture the  multidimensional nature of  financial 
health. Such  indices facilitate more accurate 
benchmarking, allow analysis of performance 
trends over time, and provide strategic in-
sights supporting informed decision-making. 
By  integrating operational optimization with 
sophisticated financial performance monitor-
ing, the sector can strengthen its competitive 
positioning and build resilience against future 
disruptions.

Although the  proposed composite index 
has not yet been applied at  the  firm level, its 
calculation using sectoral data (CRIBIS.sk) de-
monstrates its practical applicability. The study 
has some inherent limitations typical for meth-
odological research of  this type. The  expert 
panel comprised 14 respondents, which, while 
sufficient to  ensure methodological rigor, may 
limit generalizability. Enterprise-level case 
studies were not included, which provides 
an  opportunity for future validation at  the  firm 
level. Additionally, the  use of  median-based 
“optimal” indicator values offers a  pragmatic 
approach to  standardization, though future 
studies could explore more granular methods 
to capture sectoral heterogeneity. The analysis 
covers the period 2020–2023, providing insight 
into post-pandemic recovery, while longer-term 
trends remain to be explored. Future research 
could build on these foundations by expanding 
the  expert panel, incorporating longitudinal 
data, and applying the  index to  individual ac-
commodation facilities to  further validate its 
effectiveness in  identifying financial strengths 
and weaknesses and supporting strategic de-
cision-making. Advanced weighting techniques, 
such as  the  fuzzy best-worst method with tri-
angular or  intuitionistic fuzzy numbers (Cheng 
& Chen, 2024), could also enhance the robust-
ness and adaptability of the index in uncertain 
environments.
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Introduction
In  recent years, the  intensifying global environ-
mental crisis, marked by  climate change, eco-
logical degradation, and resource scarcity, has 
propelled green development to  the  forefront 
of policy and business agendas (Ostapenko et al., 
2024). As a strategic response, green innovation, 
defined as the implementation of environmentally 

friendly processes, products, and management 
practices, has emerged as a core pillar of sustain-
able enterprise transformation (Levchenko et al., 
2021). It  not only reflects a  firm’s commitment 
to corporate social responsibility but also serves 
as a source of  long-term competitive advantage 
in  an  increasingly eco-conscious market (Tian 
et al., 2023; Zheng & Iatridis, 2022).
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In China, the central government has inte-
grated green development into national policy 
priorities, creating an  institutional environment 
conducive to  green innovation through subsi-
dies, regulatory mandates, and green financing 
mechanisms (Bai et al., 2019). These policy ef-
forts have accelerated the integration of green 
innovation within manufacturing sectors, 
particularly in regions with advanced industrial 
infrastructure. Consequently, understanding 
the  impact of  green innovation on  firm per-
formance is not only of  academic interest but 
also of  practical relevance for managers and 
policymakers seeking to  align economic and 
environmental goals.

Although green innovation is widely ac-
knowledged as a critical driver of sustainable 
development, empirical evidence regarding its 
impact on firm performance remains inconsis-
tent and unsettled. Some researchers contend 
that it boosts profitability through enhanced 
resource utilization, waste minimization, and 
the  creation of  novel market avenues (Va-
laskova et  al., 2022). From the  perspective 
of  RBV, green innovation constitutes a  rare, 
valuable, and inimitable capability that can 
generate sustainable performance differentials 
(Barney et al., 2021). Conversely, other stud-
ies highlight the  uncertain returns and high 
investment risks associated with green  R&D, 
especially for firms in  less developed regions 
or with limited absorptive capacity (Levchenko 
et al., 2021).

Given this ambiguity, there is  a  need for 
a  more nuanced investigation that accounts 
for contextual factors such as  regional het-
erogeneity, firm characteristics, and policy 
environments. This research responds to that 
need by analyzing panel data from 1,033 man-
ufacturing firms listed on the  A-share listed 
market in China, including the Shanghai and 
Shenzhen exchanges, during the period from 
2014 to  2023, aiming to  empirically explore 
the  linkage between green innovation and 
business performance. Specifically, the study 
aims to: (1)  test whether green innovation 
improves firm performance; and (2)  explore 
whether this effect varies across regional 
contexts.

This study contributes to  the  literature 
by  offering context-sensitive insights into  the 
performance implications of  green innovation 
and extending the  resource-based view in  the 
sustainability context.

1	 Literature review
1.1	 Definition and dimensions of green 

innovation
Green innovation, often termed environmental 
or eco-innovation, encompasses “new or signif-
icantly improved products (goods or services), 
processes, marketing methods, organizational 
structures or  institutional arrangements that 
result in  environmental benefits” (Shouwen 
Wang et  al., 2022; Vimalnath et  al., 2022). 
It extends beyond mere technological upgrades 
and involves rethinking business models and 
managerial practices that reduce environmen-
tal burdens (Abadzhiev et al., 2022).

Scholars typically classify green innova-
tion into three dimensions: (1)  green product 
innovation, which involves the  development 
of environmentally friendly goods and services; 
(2)  green process innovation, which refers 
to  the  adoption of  cleaner production meth-
ods and resource-efficient technologies; and 
(3) green managerial or organizational innova-
tion, which entails institutionalizing sustainabil-
ity practices within organizational routines.

1.2	 Green innovation and firm 
performance: Empirical evidence

A  growing body of  empirical research investi-
gates the relationship between green innovation 
and firm performance. Several studies affirm 
the  positive financial implications of  green in-
novation, asserting that green innovation can 
improve cost efficiency, attract eco-conscious 
customers, and differentiate products in  satu-
rated markets (Tian et al., 2023; Zheng &  Iat-
ridis, 2022). For  example, Valaskova et  al. 
(2022) found that green practices significantly 
enhance return on  assets across European 
firms, particularly in capital-intensive sectors.

Across 160 studies and 124,000 firms, 
Zheng and Iatridis (2022) report positive aver-
age impacts, with managerial eco‑innovation 
often yielding stronger payoffs than purely tech-
nological upgrades. Firm‑level evidence in Chi-
nese A‑shares echoes this nuance: high‑quality 
green innovation boosts corporate financial 
performance, whereas low‑quality activity may 
not (L.  Liu  et  al., 2024). In  heavily polluting 
sectors, accumulated green patent stocks are 
priced by the market (Tian et al., 2023).

However, not all studies confirm a uniformly 
positive relationship. Some suggest a non-lin-
ear or uncertain impact, emphasizing the initial 
cost burden, longer return cycles, and potential 
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trade-offs between green and traditional in-
novation priorities (Mirza et  al., 2025). These 
mixed findings underscore the importance of in-
stitutional context, regional capabilities, and 
firm absorptive capacity in shaping outcomes.

1.3	 Gaps in existing research 
and theoretical motivation

Yet these syntheses also  expose unresolved 
gaps. Results hinge on what we measure and 
where we  look. This calls for context-aware 
tests and measurement-robust designs in  the 
Chinese setting.

While the  literature affirms the  theoretical 
potential of  green innovation, several gaps 
remain. First, most studies focus on developed 
economies or high-tech firms, offering limited ex-
ploration of emerging markets like China, where 
regulatory environments and market dynamics 
differ significantly. Second, many analyses con-
ceptualize green innovation as a binary construct, 
overlooking its heterogeneity across regions, 
industries, and innovation types. Third, there is 
limited integration between strategic manage-
ment theory, such as the resource-based view, 
and the empirical testing of green innovation’s 
impact.

Given these gaps, this study aims to enrich 
the  discourse by  combining resource-based 
theory with regionally disaggregated data from 
Chinese manufacturing firms to  explore how 
green innovation affects firm performance 
and whether this relationship is moderated 
by regional contexts.

2	 Theoretical analysis and research 
hypotheses 

2.1	 Resource-based view and the strategic 
role of green innovation

Resource-based view (RBV), one of  the most 
influential paradigms in strategic management, 
posits that firms achieve sustainable compe
titive advantage by  cultivating resources and 
capabilities that are valuable, rare, inimitable, 
and non-substitutable (Barney et  al., 2021). 
Intangible assets, including technological know-
how, organizational routines, and innovation ca-
pacity, are particularly emphasized in this theory.

Green innovation, defined as  the develop
ment and implementation of products, processes, 
or  management practices that significantly re-
duce environmental harm, is increasingly viewed 
as a  form of strategic intangible asset (Cheng 
et  al., 2025). It  enhances resource efficiency, 

reduces regulatory and reputational risks, and 
can serve as a barrier to entry for competitors. 
Moreover, it can support firms in gaining access 
to green financing and preferred supply chains, 
particularly in sustainability-conscious markets 
(Singh et al., 2020).

In this theoretical context, green innovation 
can be conceptualized as a dynamic capability 
that enables firms to respond to both environ-
mental turbulence and stakeholder pressure 
(Huang & Xiao, 2023). It  is not merely a sym-
bolic gesture but a  core transformation in  re-
source deployment, organizational alignment, 
and performance orientation.

2.2	 Knowledge gaps and conceptual 
contention

Although many studies acknowledge the poten-
tial of  green innovation to  generate long-term 
returns, the empirical evidence remains mixed. 
Some scholars argue that green innovation 
can improve financial performance by reducing 
input costs, unlocking new markets, and dif-
ferentiating products (Tian et al., 2023; Zheng 
& Iatridis, 2022). Others contend that green in-
novation often incurs high up-front investment, 
uncertain returns, and increased complexity 
in  R&D and production, which may not trans-
late into immediate performance gains (Maihaiti 
et al., 2025).

Furthermore, existing research often over-
looks how institutional factors, such as regional 
regulatory intensity, industrial development, 
and local market sophistication, moderate 
the impact of green innovation.

2.3	 Theoretical consolidation 
and mechanism unpacking

Anchored in  the  resource-based view (RBV) 
and dynamic capabilities theory, we conceptu-
alize green innovation as  a  capability bundle 
that reconfigures routines to  deliver three 
classes of  payoffs process eco-efficiency 
(cost reduction), green product differentiation 
(revenue enhancement), and compliance and 
reputation (risk mitigation). This perspective 
explains why identical green inputs can yield 
different performance elasticities: firms with 
stronger absorptive capacity and integration rou-
tines monetize eco-innovation more effectively 
(Zheng & Iatridis, 2022). Context also matters: 
in heavily polluting sectors, accumulated stocks 
of green technologies are recognized and priced 
by capital markets, reinforcing the  business 
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case for substantive green innovation (Tian 
et  al., 2023). Complementing  RBV, signaling 
andlegitimacy arguments clarify why predictable 
enforcement and disclosure increase both the 
quantity and the influence of green patents, there-
by improving market pricing of  eco-innovation. 
These institutional features enhance the cred-
ibility and diffusion of substantive efforts and are  
consistent with the  stronger effects we  observe 
in  regions with tighter enforcement and greater 
market maturity.

2.4	 Research questions and hypotheses
Building on the  above discussion, this study 
seeks to address two core research questions:

RQ1: Does green innovation contribute 
positively to  firm-level financial performance 
in the Chinese manufacturing sector?

RQ2: To what extent does green innovation 
influence firm performance differently across 
regions characterized by  varying institutional 
frameworks and economic conditions?

To empirically explore these two questions, 
we anchor our reasoning in the resource-based 
view (RBV) which frames green innovation 
as  a  valuable, firm-specific strategic resource 
and derive the following testable hypotheses:

H1: Enterprise green innovation has a posi-
tive and significant effect on firm performance.

This hypothesis is grounded in  the  notion 
that green innovation enables firms to  reduce 
resource consumption, improve production ef-
ficiency, and enhance market competitiveness 
and brand value through the  development 
of  environmentally friendly products and pro
cesses. As a strategic resource of firms, green 
innovation can significantly improve their finan-
cial performance and enhance their market 
position. Thus, we  hypothesize that green in-
novation positively and significantly affects firm 
performance.

H2: There is regional heterogeneity in the im-
pact of green innovation on firm performance.

Although green innovation is generally the-
orized to  improve firm performance, its impact 
may vary significantly across regions. Such re-
gional heterogeneity may stem from differences 
in  local policies, market demand, and levels 
of  technological advancement. For  example, 
some regions may focus more on the  imple-
mentation of  environmental regulations, and 

enterprises in these regions may receive more 
policy support for green innovation and thus per-
form more prominently in terms of performance. 
Conversely, in regions where green technology 
adoption and environmental awareness lag 
behind, the  performance-enhancing effects 
of green innovation may be less pronounced.

3	 Research methodology
3.1	 Variable selection and description
Following established practice in the innova-
tion-performance literature, this study specifies 
firm performance as the dependent variable, 
green innovation as the focal independent vari-
able, and a set of firm-level controls to account 
for confounding influences.

Regarding the  measurement of  firm 
performance, existing studies have primar-
ily used return on assets, return on equity, net 
profit margin on  total assets, Tobin’s Q value 
(de  Oliveira &  Basso, 2024; M.  Liu  et  al., 
2024). Some scholars combine return on  total 
and net assets as composite indicators of firm 
performance (Sadiq & Gebba, 2022). Based on 
the  aforementioned literature, average return 
on  equity (ROEAVG) is selected as  the  pri-
mary measure of firm performance. Meanwhile, 
return on  invested capital (ROIC) is selected 
as  a  robustness test proxy variable. All  out-
comes are estimated under the same design.

Green innovation refers to  enterprise 
activities aimed at  reducing resource con-
sumption, lowering emissions, and enhancing 
environmental outcomes through technological, 
product, or  process innovation (Cheng et  al., 
2025). In  existing studies, the  main variables 
are the  number of  green patent applications, 
the  number of  citations to  green patents, and 
the  number of  green patents granted (Block 
et al., 2025; Do, 2024; Liu et al., 2025; B. Wang 
et al., 2021) are used as indicators to measure 
the green innovation capability of an enterprise. 
Drawing on  prior studies and based on  data 
accessibility, green innovation is measured 
by  summing the  number of  green invention 
patents and green utility model patents inde-
pendently filed by  listed firms in a given year. 
While green patent counts are widely used 
in  the  literature to  quantify firms’ green inno-
vation activities (Block et al., 2025; Do, 2024; 
Liu et al., 2025; B. Wang et al., 2021), this mea-
sure primarily captures technological outputs 
and may underrepresent non-patented, tacit, 
or  managerial innovations such as  process 
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optimization and organizational restructuring. 
As  highlighted by  Kemp et  al. (2023), many 
eco-innovations are not patentable but still 
contribute substantially to  environmental 
performance. Similarly, the OECD’s Eco-Inno-
vation Indicators recommend complementing 
patent-based measures with survey or perfor-
mance-based data. Given the availability and 
comparability of patent statistics in China, this 
study adopts number of independent applica-
tions for green patents as the primary indica-
tor but explicitly recognizes its limitations. 
To mitigate the effect of zero values in the da-
taset, one is added to the total patent count for 
each year during the observation period, and 
the natural logarithm of this adjusted value is 
used as the final indicator. 

The accurate identification of control vari-
ables plays a vital role in establishing a sound 
analytical framework for linking sustai- 
nability-oriented innovation with firm-level 

performance indicators. Firm size, R&D  invest-
ment, firm age, and asset-liability ratio are key 
determinants of innovation capability and perfor-
mance, financial stability, and responsiveness 
to  market changes. The  establishment time 
of an enterprise affects its experience, resource 
accumulation, and ability to  respond to  mar-
ket changes. The  asset-liability ratio affects 
the  financial stability and investment capacity 
of  an  enterprise. Considering data availability, 
enterprise size, enterprise age, asset-liability 
ratio, and R&D expense investment are selected 
as  control variables (Meng et  al., 2020; Wang 
et al., 2024; Zhang et al., 2022). In order to avoid 
linearized non-linear relationships, heteroske-
dasticity, and to  reduce the effect of data size, 
as well as to better capture the relationship be-
tween the  variables, logarithmic treatment was 
taken for the above control variables.

The meaning of each variable and the de-
scription of its value are shown in Tab. 1.

3.2	 Data source and sample selection
This research focuses on A-share manufactur-
ing firms listed on the Shanghai and Shenzhen 
stock exchanges during the period from 2014 
to 2023. Firms labeled as ST or *ST and those 

with missing data during the  research period 
were excluded. The  final dataset comprises 
1,033 firms, yielding 10,330 firm-year observa-
tions. Data on  green patent applications and 
citations were collected from a  specialized 

Type Variable name Variable code Variable value description

Dependent 
variable Firm performance ROEAVG Net income divided by average 

shareholders’ equity

Independent 
variable Green innovation GI LN(number of independent applications for 

green patents in the current year + 1)

Control 
variables

Enterprise size ASSETS LN(balance of total assets at the end 
of the current year)

Enterprise age AGE LN(current year − year of enterprise 
establishment)

Asset-liability ratio ALR LN(ratio of total liabilities to total assets)

R&D expenditure R&D LN(R&D expenditure as a percentage 
of operating revenue + 1)

Source: own

Tab. 1: Meaning of variables and description of values
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Chinese research data platform, whereas other 
variables were sourced from the Oriental For-
tune Choice database. To overcome the prob-
lem that the exported ROEAVG data may have 
centralized extreme values or  outliers, which 
could affect the  statistical analysis results, 
we used winsorize to perform 1% and 99% per-
centile tailing on the data the ROEAVG variable.

3.3	 Model construction
Following Baltagi (2021), we select the two-way 
fixed-effects model (firm and year FE) suitable 
for large-N, short-T panel data for two core 
reasons: (1) firm FE controls for time-invariant 
unobserved heterogeneity at  the  firm level 
(e.g., inherent innovation capabilities, organiza-
tional culture, and long-term governance struc-
tures), which is critical given the 1,033 diverse 
manufacturing firms in the sample; (2) year FE 
absorbs macro-level time trends (e.g.,  na-
tional environmental policies like China’s 
“12th  Five-Year Plan” (2011–2015), “13th  Five-
Year Plan” (2016–2020) and “14th  Five-Year 
Plan” (2021–2025), as well as economic cycles). 
This aligns with standard practices in firm-level 
innovation-performance studies (L.  Liu  et  al., 
2024) to mitigate omitted variable bias.

For the avoidance of ambiguity, we formally 
define the  “two-way fixed-effects (two-way  FE) 
model” adopted in this study as: a panel data es-
timation framework that simultaneously controls 
for  firm fixed effects (to  absorb time-invariant 
firm-specific heterogeneity, such as inherent in-
novation capabilities or long-term environmental 
strategy) and year fixed effects (to absorb macro-
level time trends, such as national environmental 
policies or  economic cycles). All  subsequent 
regression analyses (including baseline regres-
sions, regional heterogeneity tests, and robust-
ness checks) strictly follow this specification. 

To test H1 and H2, a two-way fixed-effects 
model was constructed. 

�ROEAVGi,t = β0 + β1GIi,t + β2 ASSETSi,t + 
+ β3 AGEi,t + β4 ALRi,t + β5 R&Di,t + 
+ ui + tt + εi,t	

(1)

�ROEAVG(region)i,t = β0 + β1GI(region)i,t + 
+ β2 ASSETSi,t + β3 AGEi,t + β4 ALRi,t + 
+ β5 R&Di,t + ui + tt + εi,t	

(2)

where: β0  –  the  intercept; β1  –  the  regression 
coefficient of  green innovation of  the  enter-
prise; β2 – the coefficient of the control variable 

enterprise size; β3 – the coefficient of the con-
trol variable enterprise age; β4 – the coefficient 
of  the  control variable asset liability ratio; 
β5 – the control variable coefficient of enterprise 
R&D  expenditure investment; µi  –  firms fixed 
effect; tt – year fixed effect; ε – the error term; 
i – manufacturing firms listed on the Shanghai 
and Shenzhen A-share markets in China, and 
t – the year. 

Hypotheses  1–2 are supported if  the  esti-
mated coefficient β1 is positive and statistically 
significant, otherwise, it is not supported.

3.4	 Assumptions and identification notes
We maintain two baseline hypotheses and avoid 
mediator and moderator proliferation to  pre-
serve parsimony. Identification rests on  three 
design choices already embedded in our empir-
ical strategy: (1)  temporal ordering via lagged 
green innovation measures to  reduce simulta-
neity; (2)  comprehensive controls (size, age, 
asset-liability, R&D) and firm and year fixed 
effects to absorb structural differences; (3)  in-
dicator transparency reported in  robustness 
checks. Given evidence that indicator choice 
affects inference (Favot et  al., 2023) and that 
institutional enforcement shifts both the quan-
tity and influence of green patents (He & Qiu, 
2025), we  interpret coefficients as average ef-
fects under stated assumptions, and discuss 
non-tested contingencies in the conclusion.

4	 Results 
4.1	 Summary description of key metrics
Tab.  2 displays the  statistical summaries 
of  the  key variables employed in  this research. 
Firm performance (ROEAVG) ranges from 
−44.2021 to 34.5801, with a  standard deviation 
of 11.0773, indicating that there are certain differ-
ences in the profitability of the sample companies 
during the study period, but overall, it is relatively 
reasonable. The  mean and median values are 
6.1737 and 6.3090, respectively, suggesting 
moderate overall profitability across the sample. 
The  mean value of  green patent applications 
of enterprises after taking logarithmic treatment is 
0.4679. The median and minimum values are both 
zero, suggesting that the overall level of green in-
novation among sampled firms is relatively low. 
All  other control variables are logarithmically 
processed in  the  early stage, and their mean, 
standard deviation, maximum value, minimum 
value and median fall within acceptable ranges, 
showing no presence of outliers or anomalies.



1132026, volume 29, issue 2, pp. 107–123, DOI: 10.15240/tul/001/2026-2-008

Business Administration and Management

4.2	 Correlation analysis of key variables
Tab.  3 shows two key sets of  correlations: 
(1) green innovation (GI) is significantly and posi-
tively correlated with firm performance (ROEAVG) 
(β = 0.0900, p < 0.01), which preliminarily sup-
ports H1; (2) firm performance (ROEAVG) is sig-
nificantly and positively correlated with firm size 
(ASSETS) (β = 0.1964, p < 0.01), significantly 
and negatively correlated with asset-liability ratio 

(ALR) (β = −0.1340, p < 0.01) and R&D expen-
diture (R&D) (β = −0.1212, p < 0.01), and has 
no significant correlation with firm age (AGE) 
(β = 0.0131, p > 0.1).

The  results of  the  VIF  test for each 
variable in  Tab.  4 show that the  highest 
VIF value is 1.6200, well below the commonly 
accepted threshold  of  10, suggesting no seri-
ous multicollinearity concerns.

Variable Obs. Mean Std. dev. Min Max Median

Natural 
logarithm 
variable

ROEAVG 10,330 6.1737 11.0773 –44.2021 34.5801 6.3090

GI 10,330 0.4679 0.9219 0.0000 6.8480 0.0000

ASSETS 10,330 22.5191 1.2091 19.7028 27.6377 22.3449

AGE 10,330 2.3911 0.5693 0.0000 3.4340 2.3979

ALR 10,330 3.5800 0.5541 −0.0984 4.5952 3.7052

R&D 10,330 0.8957 0.8795 0.0000 4.7380 0.8791

Original 
variables

GI 10,330 4.2602 22.5184 1.0000 942.0000 1.0000

ASSETS 10,330 2.1820 12.1268 1.0000 413.0000 1.0000

AGE 10,330 3.6481 3.8800 1.0000 114.2047 2.4088

ALR 10,330 158.0000 433.0000 3.6000 10,100.0000 50.6000

R&D 10,330 40.7157 17.9592 0.9063 99.0098 40.6594

Note: ASSETS original is measured in RMB 100 million (approximately EUR 12.69 million at the People‘s Bank of China 
central parity rate on August 30, 2024: 1 EUR = CNY 7.8807); the ROEAVG variable was winsorized at 1% and 99%.

Source: own

ROEAVG GI ASSETS AGE ALR R&D

ROEAVG 1.0000

GI 0.0900*** 1.0000

ASSETS 0.1964*** 0.3352*** 1.0000

AGE 0.0131 0.0400*** 0.4345*** 1.0000

ALR −0.1340*** 0.2085*** 0.4597*** 0.2613*** 1.0000

R&D −0.1212*** 0.0614*** 0.0824*** 0.3090*** 0.0155 1.0000

Note: *, **, and *** signify that the results are statistically significant at the 10, 5, and 1%.

Source: own

Tab. 2: Summary description of key metrics (original and natural logarithm)

Tab. 3: Correlation analysis of key variables
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4.3	 Multiple linear regression analysis
We  estimate the  two-way fixed-effects 
(two-way  FE) model (consistent with the  defi-
nition in  Section 3.3: controlling for firm and 
year FE) to assess the effect of green innova-
tion on  firm performance. Tab.  5 provides an 
overview of the results.

According to Regression (1) in Tab. 5, green 
innovation positively affects firm performance, 
even in the absence of controls like firm size, firm 
age, leverage, and R&D intensity (β = 1.0818, 

p < 0.01), based on this, after adding the control 
variables, the  results still indicate a significant 
positive relationship between green innovation 
and firm performance (β  =  0.5893, p  <  0.01), 
suggesting that green innovation activities 
contribute positively to firm performance. These 
findings provide empirical support for H1.

It should be pointed out that a relatively low 
adjusted R² (0.1251 in the baseline regression) 
is quite common in  firm-level panel studies 
focused on  innovation. Firm performance is 

Variable Regression (1)
ROEAVG

Regression (2)
ROEAVG

GI 1.0818***
(0.000)

0.5893***
(0.000)

ASSETS – 3.0306***
(0.000)

AGE – −0.2401
(0.257)

ALR – −5.8129***
(0.000)

R&D – −1.8030***
(0.000)

Firm – Fixed

Year – Fixed

_con 5.6676 −39.3494

Adj. R2 0.0080 0.1251

N 10,330 10,330

Note: *, **, and *** signify that the results are statistically significant at  the 10, 5, and 1%; the values in parentheses 
represent the p-value; standard errors are clustered at the firm level to address autocorrelation of residuals within firms.

Source: own

Tab. 5: Results of regression analyses of main variables

Variable VIF 1/VIF
GI 1.1600 0.8630

ASSETS 1.6200 0.6181

AGE 1.4000 0.7140

ALR 1.2900 0.7770

R&D 1.1200 0.8928

Mean VIF 1.3200 –

Source: own

Tab. 4: Variance inflation factor test for each variable
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inherently influenced by  unmeasured factors 
(e.g.,  managerial ability, unexpected market 
shocks like supply chain disruptions), which are 
not captured in our model. However, the core 
independent variable  (GI) remains statisti-
cally significant, and robustness tests confirm 
the stability of the green innovation-performance 
relationship. Thus, the low adjusted R² does not 
undermine the validity of our conclusions.

After controlling for relevant variables, 
Tab. 6 highlights how firm performance varies 
in  response to green innovation efforts across 
regions. Among them, enterprise green in-
novation in  Southern China has a  positive 
and significant effect on  firm performance 
(β  =  0.9054, p  <  0.01), enterprise green in-
novation in Eastern China also has a positive 
and significant effect on  firm performance 
(β  =  0.7312, p  <  0.01), and enterprise green 
innovation in  Northern China has a  negative 
and significant effect on  firm performance 
(β = −0.6839, p < 0.05). None of the enterprise 

innovations in  the Southwest, Northwest, and 
Northeast regions has a significant contribution 
to firm performance. H2 was verified.

4.4	 Endogeneity test
Using the lagged value of green 
innovation as an IV
To  examine whether potential endogeneity 
exists in  the  relationship between green inno-
vation (GI) and firm performance (ROEAVG), 
we  conduct the  Durbin-Wu-Hausman test 
based on  a  two-stage least squares (2SLS) 
framework. The  lagged value of  green inno-
vation (L.GI) is employed as  an  instrumental 
variable, as  past innovation decisions are ex-
pected to be correlated with current innovation 
intensity but exogenous to  contemporaneous 
performance shocks.

In the  first-stage regression, the  instru-
mental variable (L.GI) shows a  significant 
correlation with the endogenous variable (GI), 
satisfying the  relevance condition. The  results 

Variable

Regression coefficient
ROEAVG

Southern 
China

Eastern 
China

Northern 
China

Southwest 
China

Northwest 
China

Northeast 
China

GI 0.9054***
(0.000)

0.7312***
(0.000)

−0.6839**
(0.021)

−0.7559
(0.195)

0.7506
(0.207)

0.1169
(0.909)

ASSETS 3.6077***
(0.000)

3.0894***
(0.000)

2.3791***
(0.000)

3.0548***
(0.000)

3.9440***
(0.000)

2.5329***
(0.000)

AGE −0.3417
(0.475)

−0.6614**
(0.030)

1.3953***
(0.005)

0.5260
(0.557)

−0.3526
(0.758)

−0.9549
(0.388)

ALR −5.7505***
(0.000)

−5.2277***
(0.000)

5.5292***
(0.000)

−7.2270***
(0.000)

−9.7189***
(0.001)

−8.8984***
(0.000)

R&D −2.3700***
(0.000)

−1.4643***
(0.000)

−2.2898***
(0.000)

−0.8004
(0.162)

−2.7681***
(0.000)

−2.0380***
(0.004)

Firm Fixed Fixed Fixed Fixed Fixed Fixed

Year Fixed Fixed Fixed Fixed Fixed Fixed

_con −52.0679 −41.4575 −29.5889 −36.4302 −46.2167 −17.3192

Adj. R2 0.1376 0.1163 0.1420 0.1178 0.2448 0.2128

N 2,250 5,010 1,670 690 340 370

Note: *, **, and *** signify that the results are statistically significant at the 10, 5, and 1%; standard errors are clustered 
at the firm level; the values in parentheses represent the p-value; according to the Choice Database of Oriental Fortune, 
China’s geographical regions are divided into six regions, namely Southern China, Eastern China, Northern China, 
Southwest China, Northwest China, and Northeast China.

Source: own

Tab. 6: Results of regression analyses of variables in different regions
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of  the  2SLS  regression (Tab.  7) indicate that 
GI remains positively and significantly associated 
with firm performance (β = 0.7525, p = 0.027), 
suggesting that the  core relationship is robust 
even after correcting for potential endogeneity.

Subsequently, the  DWH  test is performed 
to formally verify endogeneity. The test statistic 
yields F-value equal to  0.3432 with a  p-value 
equal to  0.558, which fails to  reject the  null 
hypothesis that the regressors are exogenous. 
This implies that there is no significant endo-
geneity bias in the OLS estimation. Therefore, 
the  original OLS  model results are consistent 
and reliable.

Using regional green patent density 
as an IV
To  further examine whether green innova-
tion (GI) suffers from potential endogeneity, 
the  Durbin-Wu-Hausman (DWH) test was 
conducted using the  regional green patent 

density (GI  density) as  an  instrumental vari-
able  (IV). GI  density is defined as  the  ratio 
of total green patent applications within a prov-
ince to  its corresponding provincial GDP. This 
variable reflects the  regional green innovation 
environment, regions with higher green patent 
density are typically characterized by stronger 
green technology diffusion, policy support, and 
environmental innovation incentives. Because 
regional innovation intensity is closely cor-
related with firms’ individual green innovation 
behavior (satisfying the  relevance condition), 
yet unlikely to directly affect firm performance 
except through its influence on the firm’s own 
green innovation activities (satisfying the exo-
geneity condition), GI  density is theoretically 
and empirically a valid instrument.

The instrumental variable estimation results 
(Tab.  7) indicate that green innovation (GI) 
remains positively and significantly associated 
with firm performance (β = 3.5188, p = 0.040). 

Variable ROEAVG ROEAVG

IV Lagged value of green innovation (L.GI) Regional green patent density (GI density)

GI 0.7525**
(0.027)

3.5188**
(0.040)

ASSETS 3.7655***
(0.000)

2.7862***
(0.000)

AGE 0.3171
(0.502)

0.8077
(0.129)

ALR −8.2104***
(0.000)

−7.9262***
(0.000)

R&D −2.2828***
(0.000)

−2.5980***
(0.000)

Firm Fixed Fixed

Year Fixed Fixed

_con −48.6860 −29.7075

N  9,297 10,330

Adj. R2 0.0648 0.0477

Chi2 – 2.7529
(0.097)

F 0.3432
(0.558)

3.2568
(0.071)

Note: *, **, and *** signify that the results are statistically significant at  the 10, 5, and 1%; the values in parentheses 
represent the p-value.

Source: own

Tab. 7: Durbin-Wu-Hausman endogeneity test
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The  first-stage regression results confirm 
the  instrument’s relevance, with a  robust 
F-statistic of  12.2522 (p  =  0.001), exceeding 
the  commonly accepted threshold of  10. This 
suggests that the  selected instrument is suf-
ficiently strong to explain variations in GI, thus 
alleviating concerns of weak instrument bias.

The DWH test further generates a Chi2 sta-
tistic of  2.7529 (p  =  0.097) and an  F-statistic 
of  3.2568 (p  =  0.071). These results indicate 
marginal endogeneity at  the  10%  significance 
level, while no significant bias is detected 
at  the  5%  significance level. In  other words, 
while slight endogeneity cannot be entirely ex-
cluded, it does not materially distort the causal 
interpretation. The  consistent direction and 
significance of the coefficient in both OLS and 
IV  estimations confirm that green innovation 
effectively enhances firm performance, and 

the observed relationship is not primarily driven 
by reverse causality or omitted variable bias.

4.5	 Robustness test
To  address potential regression bias arising 
from limitations in  indicator and model selec-
tion, this study performs several robustness 
tests. These include applying robust and clus-
tered standard errors, incorporating time fixed 
effects, and replacing key variables. The  cor-
responding findings are reported in Tabs. 8–10.

Tab.  8 shows that using robustness and 
clustering standard error tests does not change 
the regression coefficients for green innovation. 
Although slight variations are observed in stan-
dard errors and t-values, the  p-values remain 
stable and statistically significant.

In  addition, the  effect of  systematic dif-
ferences between years on the  results is 

GI regression 
coefficient Std. error t

Fixed-effect regression 0.5893***
(0.000) 0.1190 4.9500

Robustness criterion error regression 0.5893***
(0.000) 0.1171 5.0300

Standard error regression for province 
clustering

0.5893**
(0.013) 0.2236 2.6400

Standard error regression for year 
clustering

0.5893**
(0.013) 0.1201 4.9000

Note: *, **, and *** signify that the results are statistically significant at  the 10, 5, and 1%; the values in parentheses 
represent the p-value.

Source: own

GI regression 
coefficient Std. error t

Fixed-effect regression 0.5893***
(0.000) 0.1190 4.9500

Controlling for time effect regression 0.5668**
(0.011) 0.2226 2.5500

Note: *, **, and *** signify that the results are statistically significant at  the 10, 5, and 1%; the values in parentheses 
represent the p-value.

Source: own

Tab. 8: The test results of robustness and clustering standard error

Tab. 9: The regression results of controlling for time effects
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5	 Discussion
5.1	 Enterprise green innovation has 

a significant positive effect on firm 
performance

The empirical results show that there is a signifi-
cant positive relationship between green innova-
tion and firm performance, implying that with 
the increase of green innovation activities of en-
terprises, firm performance improves significant-
ly. This result supports the current focus on green 
innovation in the field of business management 
and suggests that in the modern market, enter-
prises can improve market competitiveness and 
economic efficiency to a certain extent through 
green innovation (Padilla-Lozano &  Collazzo, 
2022). Green innovation not only helps reduce 
energy consumption and environmental pollu-
tion, but also may enhance the brand image and 
market reputation of  the  enterprise, potentially 
resulting in increased sales and greater market 

share (Chen et al., 2023; Novitasari & Tarigan, 
2022). In  addition, green innovation can pro-
mote technological advancement and process 
optimization within  the  enterprise, increasing 
productivity and thus reducing operating costs, 
which can translate into improved financial per-
formance (Yang et al., 2022).

In  many countries and regions, govern-
ments promote the implementation of green in-
novation by enterprises through environmental 
regulations, tax incentives, and subsidy policies 
(Jiang et al., 2023; C. Wang et al., 2022). These 
empirical findings highlight the  effectiveness 
of  such  policies in  encouraging enterprises 
to  invest in  green technologies and projects. 
Government support not only helps enterprises 
reduce the  pressure of  upfront investment 
in green innovation but also promotes long-term 
sustainable development of  enterprises by 
building a favorable policy environment.

eliminated by controlling for time (year) fixed ef-
fects. The regression results in Tab. 9 show that 
the p-value remains significant after controlling 
for time effects.

Finally, to  further test the  robustness 
of  the  model, a  regression was conducted 
using return on  invested capital (ROIC) 

as an alternative to  average return on  eq-
uity (ROEAVG) and also  employed a  GI with 
a  lag of  three periods. The  robustness check 
in  Tab.  10 confirms that significance persists 
even with alternative variable specifications 
and a lag of three periods, lending further cred-
ibility to the analysis.

Variable
Regression coefficient

ROEAVG (1) ROEAVG (2) ROIC

GI 0.5893***
(0.000)

0.8986***
(0.000)

0.3460***
(0.000)

ASSETS 3.0306***
(0.000)

6.3509***
(0.000)

2.2752***
(0.000)

AGE −0.2401
(0.257)

−3.5734***
(0.004)

0.0457
(0.796)

ALR −5.8129***
(0.000)

−9.3978***
(0.000)

−4.3421***
(0.000)

R&D −1.8030***
(0.000)

−2.1092***
(0.000)

−1.5477***
(0.000)

_con −39.3494 −91.9805 −28.6573

N 10,330 10,330 10,330

Adj. R2 0.1251 0.1422 0.1067

Note: *, **, and *** signify that the results are statistically significant at  the 10, 5, and 1%; the values in parentheses 
represent the p-value; ROEAVG (2) using three-period lagged GI (t − 3).

Source: own

Tab. 10: The regression results for the substitute variable and three-period lagged GI
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Increasing consumer demand for environ-
mentally sustainable products compels firms 
to adopt green innovations in  the market with 
green innovations to meet consumer expecta-
tions. The high β value in the empirical results 
reflects this trend, suggesting that enterprises’ 
green innovation efforts can be directly trans-
lated into competitive market advantages and 
better profitability performance.

The  performance and outcomes of  green 
innovation may vary among enterprises in dif-
ferent industries. For example, green innovation 
in high-pollution sectors such as manufacturing, 
energy, and chemicals may lead to  more sig-
nificant performance improvements, as these 
industries tend to  face stricter environmental 
regulations and greater market pressure 
(Gao et  al., 2023). For  service and high-tech 
industries, on the  other hand, green innova-
tion may be more in  the  form of  product and 
service differentiation, which can enhance firm 
performance enhancing customer loyalty and 
strengthening brand equity (Borah et al., 2023).

5.2	 Disparities in green innovation 
outcomes across regional business 
contexts

Regional heterogeneity in  the  impact of green 
innovation on  firm performance is shaped 
by multiple factors, including the  level of  eco-
nomic development, industrial composition, pol-
icy incentives, and technological capabilities. 
In  economically developed regions character-
ized by strong market demand and robust poli-
cy support, green innovation tends to contribute 
more significantly to  firm performance. Con-
versely, in  relatively underdeveloped regions 
with traditional industrial structures, the effects 
of green innovation are often less pronounced 
or may even have negative outcomes.

The  South and East China regions repre-
sent the  most economically advanced areas 
in  the  country, where firms possess greater 
resources and stronger capacities for green 
innovation. As  the  pace of  economic growth 
accelerates in  these regions, enterprises 
exhibit higher competitiveness in  green inno-
vation investment, stronger capabilities in  ab-
sorbing and applying new technologies, and, 
consequently, greater improvements in  firm 
performance. Given that green innovation often 
entails substantial financial investment and 
technological accumulation, it  is more feasible 
in  economically developed regions (Li  &  Liu, 

2024). Moreover, these areas demonstrate 
higher market demand for green products and 
services, and local governments provide more 
vigorous policy support for green development.

Specifically, the  Chinese government has 
introduced a range of targeted policies aligned 
with the developmental characteristics of East 
and South China. In  the  domain of  green 
finance, the  State Administration of  Foreign 
Exchange launched pilot programs for green 
external debt in  16 provinces and municipali-
ties, including Shanghai, Guangdong, and Zhe-
jiang. Leveraging this policy, Qingdao promoted 
the issuance of RMB 380 million (approximately 
EUR  45.83  million at the People’s Bank of 
China central parity rate on August  28, 2025: 
1  EUR  =  CNY  8.2915) in  low-carbon loans 
by financial institutions, while Ningbo facilitated 
green external debt projects supporting lithium 
battery manufacturing in the new energy sector. 
In  terms of  industrial upgrading, the  Yangtze 
River Delta and the  Guangdong-Hong Kong-
Macao Greater Bay Area have been desig-
nated as  key zones for green development, 
establishing cross-regional emission trading 
mechanisms to guide industries such as elec-
tronics and automobiles toward resource 
efficiency through “green supply chains”. 
Meanwhile, stricter environmental regulations, 
such as  special emission limits for steel and 
chemical industries in the Yangtze River Delta, 
have compelled firms to  pursue cleaner pro-
duction transformations. These policies, when 
combined with regional economic and industrial 
advantages, form a synergistic framework that 
provides enterprises with financial, technologi-
cal, and market incentives for green innovation. 
As a result, firms in East and South China have 
achieved greater performance gains from green 
innovation initiatives.

The industrial structures of South and East 
China are dominated by  manufacturing and 
high-tech sectors, which are inherently innova-
tive and environmentally sensitive. Green inno-
vation enhances production efficiency, reduces 
resource consumption and pollution emissions, 
and consequently improves firm performance. 
Firms in  these regions lead in  technological 
development and application, enabling them 
to  convert green innovation into productivity 
more effectively. In contrast, in the Southwest, 
Northwest, and Northeast regions-where 
traditional industries remain dominant and 
technological development lags behind, the 
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input-output efficiency of  green innovation is 
relatively low, leading to an insignificant impact 
on firm performance (Liu et al., 2021; S. Wang 
et al., 2021).

To  address these regional disparities, 
the  government has implemented preferential 
policies to  compensate for insufficient green 
innovation resources. In the  Southwest and 
Northwest, based on the  Catalogue of  En-
couraged Industries in  the  Western Region 
(2025 Edition) (NDRC, 2024), industries such 
as  green coal chemical production and pho-
tovoltaic module manufacturing have been 
included in the encouraged category, receiving 
tax and land incentives. For instance, Guizhou 
is advancing an  integrated “phosphate-power-
chemical” circular economy, while Sichuan 
is realizing ecological value transformation 
through the Giant Panda National Park carbon 
sink project. Additionally, the  “West-to-East 
Power Transmission” initiative has expanded 
wind and solar power capacity in  Northwest 
China and, through the  establishment of  “en-
clave industrial parks”, facilitated the  transfer 
of  green technologies from eastern to  central 
and western regions.

In the Northeast, the government has pro-
moted the  green transformation of  traditional 
industries through the  issuance of  special-
purpose bonds. For example, Anshan Iron and 
Steel in Liaoning invested in a hydrogen-based 
shaft furnace project, while Jilin has been 
driving the  transformation of  its automobile 
industry toward new energy vehicles. A “green 
transformation fund” has also  been establi
shed to  attract private capital participation 
in state-owned enterprise reform. However, due 
to long industrial transformation cycles and weak 
technological foundations, the  R&D  intensity 
of green technologies among large-scale indus-
trial enterprises in the Northeast remains below 
the  national average, and the  positive effects 
of green innovation on firm performance have 
not yet been fully realized.

Furthermore, some regions with abundant 
natural resources and lower environmental 
pressures exhibit weaker motivation for green 
innovation or  less tangible results (Shuhong 
Wang et  al., 2022). For  example, while 
the Southwest and Northwest are rich in eco-
logical and energy resources, historically lax 
environmental constraints have reduced firms’ 
incentives for green innovation. At  present, 
the government is gradually transforming these 

resource advantages into drivers of  green in-
novation through ecological compensation 
mechanisms, such as the horizontal ecological 
protection compensation system in the Yangtze 
River Basin, and resource recycling initia-
tives, including Heilongjiang’s “straw-to-meat” 
program. Nevertheless, in  the  short term, 
these regions still lag behind East and South 
China, which further explains why the contribu-
tion of  green innovation to  firm performance 
in  the  Southwest, Northwest, and Northeast 
remains limited.

Conclusions
This study examined the  impact of  green in-
novation on  firm performance using panel 
data from 1,033 manufacturing firms listed on 
the Shanghai and Shenzhen stock exchanges 
between 2014 and 2023. The  empirical find-
ings confirm a  statistically significant positive 
relationship between green innovation and firm 
performance, though the magnitude and direc-
tion of this effect vary across regions.

In developed areas such as Southern and 
Eastern China, green innovation positively con-
tributes to firm performance, reflecting the pres-
ence of  supportive institutional environments, 
advanced industrial infrastructure, and higher 
market receptiveness to green products. Con-
versely, in  Northern China, the  relationship 
is negative likely due to  high implementation 
costs and regulatory pressures outweighing 
short-term benefits. In  less-developed regions 
like the Southwest, Northwest, and Northeast, 
the effect is insignificant, suggesting an under-
developed green innovation ecosystem.

Theoretical contributions. This research 
refines the  RBV  framework by  viewing green 
innovation as  a  key intangible asset that 
shapes performance outcomes under varying 
regional circumstances. It  enriches empirical 
understanding of how institutional environments 
moderate the effectiveness of green innovation 
in emerging markets, especially within the Chi-
nese manufacturing sector. It offers a multilevel, 
regionally differentiated perspective often over-
looked in  prior studies, thus addressing key 
gaps in the extant literature.

Practical implications. Managers should 
align green innovation strategies with regional 
capabilities. In  regions with mature infrastruc-
ture and supportive policies, proactively in-
vesting in substantive (high-quality) green 
innovation helps build competitive advantage. 
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In  underdeveloped regions, prioritizing 
capability-consistent, incremental pathways 
and actively seeking targeted public programs 
(e.g.,  green credit, tax offsets, demonstration 
projects) is advisable. Policymakers should favor 
predictable enforcement and disclosure regimes, 
which are associated with more numerous and 
more influential green patents and better market 
pricing of eco-innovation. Providing adoption 
cost-reducing incentives tied to substantive inno-
vation (to curb greenwashing), building regional 
green-innovation platforms, and enhancing 
knowledge spillovers can help narrow disparities 
in the transition toward sustainability. 

Finally, we delineate the study’s boundaries 
and external validity to guide interpretation and 
future work. This study’s inference is bounded 
by  its empirical domain and measurement 
choices. First, the sample focuses on A‑share 
listed manufacturers in  China; hence, results 
may not extrapolate to  SMEs, unlisted and 
private firms, or  service intensive industries 
where intangible, non‑patent eco‑innovations 
are more prevalent. Caution is warranted when 
generalizing these results: SMEs have weaker 
R&D capacity, unlisted firms may face stronger 
financing constraints, and service industries 
often engage in  non-patented green innova-
tions, factors that may alter the observed green 
innovation, performance relationship. Second, 
our  green innovation metrics are primarily 
patent‑based (applications, grants, forward ci-
tations). While standard in the literature, they tilt 
toward technological outputs and may under-
represent organizational or  process practices 
that are not patented. Citation‑window trunca-
tion and self‑citation exclusion, although ad-
dressed in  robustness checks, can still leave 
residual measurement error. Third, the regula-
tory and capital market context of China during 
the sample period conditions both firms’ incen-
tives and investors’ pricing of green innovation; 
external validity to  jurisdictions with weaker 
enforcement or  different disclosure regimes 
should be made cautiously. Finally, although 
we  mitigate simultaneity using lag structures, 
rich controls, and fixed effects, we  refrain 
from strong causal language and interpret 
coefficients as  average partial effects under 
stated assumptions. Future research could 
integrate complementary data sources, such 
as  environmental management certifications, 
survey-based indicators, or firm-level ESG dis-
closures, to  provide a  more comprehensive 

understanding of  non-technological green 
innovation. Moreover, it  could triangulate pat-
ent‑based indicators with trademarks, environ-
mental management certifications, and survey 
based measures, and extend to  multi‑country 
panels to probe boundary conditions more fully.
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Abstract: This study addresses a critical gap in the literature by examining how family-based brand 
identity and entrepreneurial orientation (specifically, proactiveness and risk taking) influence the 
performance of small family firms operating in emerging markets. Grounded in the resource-based 
view (RBV), these constructs are conceptualized as strategic intangible resources that underpin 
competitive advantage. A cross-sectional survey of 460 privately held small family firms in Pakistan 
was conducted, using validated scales for family-based brand identity, entrepreneurial orientation 
(EO) dimensions, innovativeness, and performance. Following a  pilot test, the data underwent 
confirmatory factor analysis and structural equation modeling (SEM) in AMOS 24.0 to assess direct 
and mediating relationships. The findings reveal that cultivating a family-based brand identity and 
entrepreneurial orientation significantly contributes to improved firm performance by recognizing 
the family as the brand and EO as family firm resources via the RBV, by assessing their impact on 
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Introduction
Small family firms (SFFs) are a dominant force 
in the global economy, making up a significant 
share of businesses worldwide. They contribute 
approximately 70%–90% of  global GDP  and 
are responsible for 50%–80% of  job creation 
in most countries. Their impact is especially no-
table in both developed and emerging markets 
(Luo, 2019). These firms have gained recogni-
tion for their outstanding performance, par-
ticularly in challenging economic circumstances 
(Buchanan et al., 2023; Fang et al., 2025). They 
demonstrate competitive advantage in  areas 
such as product and service excellence, inno-
vation, and financial accomplishments (Smith 
et  al., 2024). On  a  global scale, family firms 
are perceived to be less susceptible to  failure 
compared to nonfamily firms (Madanoglu et al., 
2020). One of the reasons for their success is 
their ability to establish themselves as a brand 
in the business community (Craig et al., 2008). 
Furthermore, SFFs  are often seen as  more 
trustworthy, responsible, and customer-orient-
ed than nonfamily firms (Beck & Prügl, 2018).

Despite its intuitive appeal, empirical re-
search has not yet tested whether small family 
firms leverage a family brand identity to secure 
the  performance advantages documented in 
larger family firms. Similarly, small family firms, 
being smaller in size than their listed counter-
parts, face significant market challenges such 
as limited access to capital, narrower business 
networks, and weaker economies of  scale. 
This financial conservatism significantly limits 
marketing expenditures, compelling owners 
to  devise low-cost, creative promotional strat-
egies for which they often lack the  requisite 
expertise and institutional backing (Dabić et al., 
2023). Concurrently, the  scope of  competition 
from larger domestic and multinational firms 
erodes market share, as these entities leverage 
superior resource pools and scale efficiencies 
to outcompete smaller family-owned operations 
(Luo, 2019). The deficiency of robust business 
networks further hampers these firms’ access 
to essential information and political or industry 
connections, deepening their marginalization 
in transitional economies (Luo, 2019). 

The challenge of adopting and implement-
ing new technologies represents a  critical 
barrier to  the  competitiveness of  family firms, 
especially under crisis conditions when agil-
ity and innovation are paramount (Dabić et al., 

2023). Restricted access to capital not only lim-
its direct investment in digital tools and machin-
ery but also  reduces opportunities to  engage 
in  collaborative research and development 
networks that facilitate technological diffu-
sion (Luo, 2019). The  absence of  specialized 
managerial capabilities and formal governance 
structures compounds this issue, leading to de-
layed or  underinvested technology initiatives 
that widen the  performance gap with more 
advanced competitors.

This research aims to  fill this gap by  ad-
dressing the  following question. How do  fam-
ily-based brand identity and entrepreneurial 
orientation (specifically proactiveness and risk 
taking) affect the  performance of  small family 
firms in Pakistan? To clarify this underexplored 
context, non-listed small family firms in  Paki-
stan, an environment marked by limited formal 
financing and networks, were surveyed to eval-
uate how these resources drive innovativeness 
and performance under the RBV framework. 

1	 Theoretical background 
1.1	 Branding and entrepreneurial 

orientation as resources
The  RBV systematically organizes intangible 
assets, such as  branding, entrepreneurial ori-
entation (EO), organizational culture, market 
knowledge, and human capital, as  strategic 
resources that underpin firm performance (Huy-
brechts et al., 2011) and competitive advantage. 
Within this framework, intangible resources are 
particularly salient for family firms and small 
and medium-sized enterprises (SMEs) (Sarsiti 
& Minarni, 2024) owing to their limited tangible 
endowments and reliance on  nonphysical 
assets for differentiation. Branding and EO 
emerge as pivotal components of  this as-
set portfolio, linking firm-specific capabilities 
to  market positioning and growth trajectories. 
The integration of  brand-related symbols and 
strategic mindedness contributes to  sustained 
value creation, especially under competitive 
and resource-constrained conditions. 

Brand orientation positions the  brand 
as  a  core strategic resource by  embedding 
intangible values and symbolic associations 
into  the  firm’s overarching strategy, thereby 
fostering strong brand equity (Wiid et al., 2025). 
Empirical studies demonstrate that brand 
reputation is further reinforced by a firm’s entre-
preneurial orientation, with the  innovativeness 



126 2026, volume 29, issue 2, pp. 124–140, DOI: 10.15240/tul/001/2026-2-009

Business Administration and Management

dimension playing a  particularly crucial role 
in  elevating reputational capital (Rua et  al., 
2018). 

Entrepreneurial orientation itself constitutes 
an essential intangible resource, characterized 
by  innovativeness, risk taking, and proactive-
ness, directly driving firm performance, growth, 
and competitive advantage (Rua et al., 2018). 
Beyond its direct effects, EO facilitates the ac-
quisition and effective exploitation of  other 
intangible assets (such as market knowledge, 
relational networks, and brand reputation), 
thereby amplifying its impact in  dynamic and 
international markets (Baquero, 2024). In  en-
vironments characterized by  rapid change 
and heightened uncertainty, EO enables firms 
to  identify and capitalize on  emerging oppor-
tunities, reinforcing their strategic adaptability 
(Lee &  Chu, 2013). The  multidimensional na-
ture of EO thus interacts with existing resourc-
es, fostering a capability-building process that 
underpins sustained competitive advantage 
(Buttar &  Kocak, 2011). This perspective un-
derscores the dual role of EO as both a direct 
performance driver and an enabler of broader 
resource configurations. 

The crux of the matter lies in acknowledging 
the  pivotal importance of  intangible resources 
within family firms (Huybrechts et  al., 2011). 
In  this context, comprehending the  intricacies 
of resource management, leveraging, bundling, 
and their seamless integration (Hussain, 2017) 
assumes paramount significance. In the realm 
of  improving the  effectiveness of  family firms, 
it  is crucial to  examine family branding and 
entrepreneurial orientation (proactiveness and 
risk taking) as key drivers and significant orga-
nizational resources (Arzubiaga et  al., 2019). 
These inquiries revolve around characterizing 
these qualities as  resources, understand-
ing the  conditions under which they generate 
value, and examining the resulting capabilities 
and returns for the firm.

The  research systematically tackles these 
questions, clarifying how these identified re-
sources impact the performance of SFFs. Amid 
the  broader scope of  firm resources, which 
includes aspects such as  location, access 
to capital, competencies, and culture, the study 
categorizes family branding and entrepreneur-
ial orientation (proactiveness and risk taking) 
as  intangible resources falling under the cate-
gories of “organizational capital resources” and 
“process capital resources”, respectively. This 

classification arises from their significant rele-
vance to the family’s reputation within the com-
munity, establishing the business as a  ‘family’ 
brand, and entrepreneurial orientation as  part 
of the firm’s culture and practices. The inherent 
value of a resource remains unrealized until its 
potential for value enhancement is understood. 
Consequently, the influence of these resources 
on  firm performance is empirically assessed, 
illuminating their transformative capacity.

1.2	 Hypotheses development
At a  fundamental level, a  company’s brand 
identity, representing what the company stands 
for, stands out as a crucial intangible asset and 
often serves as a key driver of competitive ad-
vantage (Melewar et al., 2014). Entrepreneurial 
orientation refers to  the  company’s strategies 
and activities geared toward actively pursu-
ing new business opportunities (Rauch et  al., 
2009), such as offering new products or explor-
ing new markets.

Family branding
Despite support for ongoing initiatives, prior 
research has offered limited insights into how 
family firms strategically utilize their identity 
linked to the family name. The scarcity of aca-
demic exploration in  mainstream literature 
has impeded a  comprehensive understanding 
of  family brand identification. In  the  current 
study, the significance of  family brand identifi-
cation is underscored for the success of entre-
preneurial ventures and small to medium-sized 
firms. Aligned with the RBV  framework, family 
brand identity is posited as  a  rare, valuable, 
imperfectly imitable, and non-substitutable 
resource capable of  conferring a  competitive 
advantage. Utilizing the  RBV-informed unified 
systems perspective of family firm performance 
(Barbera et  al., 2023), family-based brand 
identity emerges as  a  contributing resource 
and capability, offering SFFs a  potential edge 
by emphasizing their distinct familial character 
through family branding. This leads us to formu-
late the following hypothesis:

H1: Family branding as  an  organizational 
capital resource is positively related to the per-
formance of small family firms.

Entrepreneurial orientation
Entrepreneurial orientation comprises two key 
aspects: proactiveness and risk taking (Hult 
et al., 2004). Entrepreneurial orientation refers 
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to a company’s strategies and activities geared 
toward actively pursuing new opportunities 
(Rauch et al., 2009). Acting proactively, charac-
teristic of risk-taking organizations, has the po-
tential to  disrupt traditional leadership and 
structures, opening new business avenues and 
positioning SFFs ahead of competitors through 
proactive environmental scanning.

Proactiveness is the first element of EO and 
pertains to a firm’s ability to foresee future chal-
lenges, changes, and demands. It  represents 
an organizational initiative aimed at seizing op-
portunities, thereby allowing companies to stay 
ahead of their competitors through the introduc-
tion of innovative products and services (Rauch 
et al., 2009).

Within family firms, these components repre-
sent the intangible benefits and non-monetary ad-
vantages derived from ownership of a particular 
firm. The second dimension of entrepreneurial ori-
entation, risk taking, operates on the premise that 
entrepreneurial actions are often accompanied 
by  uncertainty (Guo &  Jiang, 2020). Embrac-
ing uncertainty is inherent in  entrepreneurial 
ventures, where entrepreneurs willingly accept 
the  unknown for the  sake of  novel undertak-
ings. Organizational behavior, considered a re-
source, uniquely contributes to  a  firm’s ability 
to  positively engage in  controlled and calcu-
lated risk ventures (Morris et al., 2010). A firm’s 
proclivity for risk taking fosters learning, en-
hancing entrepreneurs’ capabilities to navigate 
uncertain situations and ultimately promoting 
entrepreneurial behavior within  the  organiza-
tion. This trait  is deemed valuable in dynamic 
and ambiguous environments, positively in-
fluencing a  firm’s reputation and performance 
(Kreiser &  Davis, 2010). Following Covin and 
Wales (2012), proactiveness and risk taking 
are identified as  process-oriented dimensions 
of EO to avoid conceptual overlap with innova-
tiveness, which is examined here as a distinct 
capability mediating performance.

H2: Small family firms’ proactiveness as 
a process capital resource is positively related 
to the performance of small family firms.

H3: Small family firms’ risk taking as a pro-
cess capital resource is positively related to the 
performance of small family firms.

Innovativeness 
The concept of  innovativeness involves an or-
ganization engaging in experimental behaviors 
to  create new products or  services through 

research and development efforts (Rauch 
et al., 2009). Research indicates that increased 
investment in  innovation can lead to  a  sus-
tainable competitive advantage (Chatzoglou 
&  Chatzoudes, 2018). SFF  investing in  in-
novation are found to  have high potential for 
performance and growth. Innovative capacity 
helps these SFFs strengthen their market po-
sition over time by  facilitating adaptation and 
the initiation of changes in their markets and in-
dustry. Therefore, innovative capacity emerges 
as a crucial resource contributing to family firm 
success by promoting entrepreneurial activities 
that enhance distinctiveness and profitability.

Innovativeness as mediator
Family-based brand identity enhances em-
ployee identification and external trust, thereby 
motivating idea sharing and investment in novel 
processes. Proactiveness facilitates systematic 
environmental scanning and early experimen-
tation, while risk taking lowers internal barriers 
to the adoption of new ideas, collectively rein-
forcing organizational innovativeness.

Innovativeness stands out as  a  vital fac-
tor determining firm performance (Kyrgidou 
&  Spyropoulou, 2013). Firms possessing 
the ability to  innovate can develop a competi-
tive advantage, leading to  positive outcomes 
(Chatzoglou & Chatzoudes, 2018). Innovative-
ness also  serves as  a  strategic approach for 
firms to navigate changes in both internal and 
external environments. To  effectively respond 
to  a  turbulent environment, nurturing innova-
tiveness becomes crucial, playing a critical role 
in  gaining a  competitive edge and achieving 
superior performance (Hult et al., 2004).

A  family-based brand identity can impact 
performance through various competitive mech-
anisms, though the precise nature of this effect 
is not entirely clear. This study concentrates 
on  innovativeness, as  it signifies the competi-
tive advantage sought through the  behavior, 
culture, or tendencies of the firm (Mishra, 2021). 

Hult et  al. (2004) define innovativeness 
as  an  organization’s ability to  introduce new 
processes, products, or  ideas. Organizational 
innovativeness is considered an  aspect of  or-
ganizational culture (Riivari &  Lämsä, 2014). 
A comprehensive approach defines innovative-
ness as a firm’s inclination to embrace and sup-
port new ideas, novelty, experimentation, and 
creative processes that may lead to new prod-
ucts, services, or  technological advancements 
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have not been thoroughly explored. This study 
aims to investigate in depth the effects of fam-
ily branding and entrepreneurial orientation 
(risk taking and proactiveness), considered 
as resources with their respective components, 
on firm performance. The conceptual framework 
of investigated constructs is captured in Fig. 1.

2	 Research methodology
In  this research, data were collected from hu-
man participants, and ethical approval was not 

required by  our institution because the  study 
posed minimal risk to participants. We informed 
all participants in advance that their information 
would be kept confidential and anonymous, and 
that they had the right to withdraw at any time 
during the survey. 

Informed consent was obtained from all 
participants via a  written electronic form prior 
to  their involvement in  the  study, and we  en-
sured that no deceptive practices were used. 
No participants were minors.

(Hügel, 2019). Given the increasing complexity 
of  managerial work in  modern technological 
environments (Bureš &  Čech, 2007), small 
firms rely significantly on  their entrepreneurial 
orientation, characterized by proactiveness and 
risk taking, to  gain a  competitive advantage 
(Sunday Aneke & Ja’afaru Garba, 2024). Vari-
ous factors directly influence innovativeness, 
with organizational culture being one of the key 
antecedents. Organizational culture has the po-
tential to  foster a receptivity to new ideas and 
innovation within an  organization (Valentin 
&  Călin, 2024). Therefore, innovativeness, 
described as  the  action-based capacity to  in-
troduce and implement creative ideas within 
a firm, appears closely linked to entrepreneurial 
orientation. These theoretical perspectives and 
empirical findings suggest the  mediating role 

of  innovativeness. Consequently, the  following 
hypotheses are proposed:

H4: Innovativeness mediates the  relation-
ship between family firm branding and perfor-
mance in small family firms.

H5: Innovativeness mediates the  relation-
ship between proactiveness and performance 
in small family firms.

H6: Innovativeness mediates the  relation-
ship between risk taking and performance 
in small family firms.

The  specific functions of  organizational 
capital resources (family branding), process 
capital resources (entrepreneurial orienta-
tion; risk taking and proactiveness), and their 
subsequent impact on  company performance 
through the  mediating role of  innovativeness 

Fig. 1: Theoretical framework

Source: own

Family based 
brand identity

Proactiveness

Risk taking

Innovativeness
Perceived firm 
performance
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2.1	 Questions topic
Family-based brand identity was measured 
using a four-item scale adapted from Craig et al. 
(2008). A pilot test with 30 managers from small 
family firms confirmed the clarity of  the  items. 
Respondents rated statements (e.g.,  “Fam-
ily ownership is highlighted in  customer com-
munications”) on  a  seven-point Likert scale 
(1  =  strongly disagree to  7  =  strongly  agree): 
(i)  “I/We promote the fact that we are a family 
firm to our suppliers”; (ii) “I/We promote the fact 
that we  are a  family firm to  our customers”; 
(iii)  “I/We promote the  fact that we are a  fam-
ily firm to  our financiers”; (iv)  “I/We  include 
something about the  fact that we are a  family 
firm on our advertising materials, for example, 
on our letterhead, website, vehicles, etc.”

The  measure was adapted from the  origi-
nal scale developed by  Miller (1983), which 
includes three  items related to  proactiveness. 
A Likert scale ranging from 1 (strongly disagree) 
to 7 (strongly agree) was used: (i)  “In dealing 
with competitors, our company typically initiates 
actions to  which competitors then respond”; 
(ii)  “In  dealing with competitors, our com-
pany is very often the first firm to introduce new 
products/services, administrative techniques, 
operating technologies,  etc.”; (iii)  “In  dealing 
with competitors, our company typically adopts 
a  highly competitive, undo the  competitors 
posture.”

The  original risk-taking measure was 
developed by  Covin and Slevin (1988). 
Responses were collected using a  Likert 
scale ranging from  1 (strongly disagree) to  7 
(strongly agree): (i)  “In  general, our company 
has a strong proclivity (tendency) for high-risk 
projects with chances of  very high returns”; 
(ii) “In general, our company believes that bold, 
wide-ranging actions are necessary to achieve 
the  firm’s objectives”; (iii)  “When confronted 
with decision-making situations involving un-
certainty, our company typically adopts a bold, 
aggressive posture to maximize the probability 
of exploiting potential opportunities.”

This construct was originally developed 
by  Miller (1983) and has been used in  other 
studies (Kellermanns et al., 2012). The original 
scale included five items, but later, factor analy-
sis led to the use of only two items to measure 
innovativeness (Kellermanns et  al., 2012). 
In this study, all five originally developed items 
for measuring innovativeness are used to  as-
sess their mediating effects between the firm’s 

resources and its performance in  SFFs. Re-
sponses were collected on  a  scale ranging 
from 1 (strongly disagree) to 7 (strongly agree): 
(i) “In our company, technical innovation based 
on  research results, is  readily accepted”; 
(ii)  “In  our company, management actively 
seeks innovative ideas”; (iii)  “In  our company, 
innovation is readily accepted in program/proj-
ect management”; (iv) “In our company, people 
are rewarded for new ideas that work well”; 
(v)  “In  our company, innovation is perceived 
as constructive and is actively accepted.”

In  this study, market share, performance 
rate, and profitability over the past three years 
were assessed using qualitative sentences 
on  a  Likert scale ranging from  1 (strongly 
disagree) to  7 (strongly agree) to  evaluate 
firm performance: (i)  “In  comparison with our 
major competitors over the  past three  years, 
our company had a  greater market share”; 
(ii)  “In  comparison with our major competitors 
over the past 3 years, our company has more 
performance rate”; (iii) “In comparison with our 
major competitors over the  past 3  years, our 
company had higher profitability.”

3	 Results
3.1	 Sample and data collection
The present study concentrates on family-owned 
firms in  Pakistan, employing an  extensive 
dataset comprising 900  companies, verified 
up to  the  fourth quarter of  2022. A  rigorous 
methodology was adopted to  ensure data ac-
curacy, involving the selection of samples from 
various sources. Notably, these samples were 
drawn from two distinct categories of authorita-
tive sources: a record of SFFs associated with 
local trade associations and another record 
of family firms registered with the esteemed se-
curities and exchange commission of Pakistan. 
It  is important to highlight that these registries 
primarily contained essential contact informa-
tion. Despite the utilization of  these two initial 
sets of  records as  criteria, the  sample size 
was constrained to 900 firms due to limitations 
in resources. 

Data collection was strategically concen-
trated in Lahore and Faisalabad, the two prin-
cipal industrial metropolises of Punjab province 
(Fig. 2). Located approximately 120 km apart, 
these cities form a dense industrial corridor that 
represents the core of the region’s economic ac-
tivity. Lahore, the provincial capital, and Faisal-
abad, collectively generate a significant portion 
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of  the  national  GDP (Government of  Punjab, 
2022). This selection captures the  highest 
density of family firms in the country (SMEDA, 
2022), thereby serving as a representative proxy 
for the broader SME sector in Pakistan. Efforts 
were made to  ensure a  balanced distribution 
of samples across these selected cities based 
on the registries mentioned earlier. The defini-
tion of family firms, as per (Sindhu et al., 2021), 
was employed, requiring at  least one person 
from the family to be on the corporate board (in-
volved in decision making), and the firm to have 
over 50% of shares owned by family members. 
Family members holding managerial positions 
were contacted, and 900  self-administered 
questionnaires accompanied by  a  cover let-
ter were randomly selected. This was done 
using a  non-probability convenience sampling 
method. Out of these, 600 questionnaires were 
physically distributed, followed by  face-to-face 
interactions. The  remaining 300  structured 
questionnaires were sent electronically via 

email or  social media, using a  Google Form, 
with reminder calls to encourage participation.

The  convenience sampling technique was 
employed due to an unknown population size. 
Despite Urdu being Pakistan’s national lan-
guage and the presence of several regional lan-
guages, the survey was conducted in English. 
Although Urdu is the national language, English 
is the primary medium of  instruction in higher 
education and the official language of business 
in  Pakistan. Consequently, the  use of  English 
ensured that the  instrument was administered 
to  owners and top managers who possess 
the  requisite professional proficiency, thereby 
maintaining the reliability of the data collection. 
Hair et al. (2018) advised eliminating responses 
with missing values to  ensure data quality. 
Following this recommendation, 469 question-
naires with complete data were obtained, 
resulting in  a  52.11%  response rate. After 
excluding 9 incomplete or missing responses, 
a  final sample of  460  firms (51.11%) was 

Fig. 2: Map of the study area (the industrial corridor of Punjab, Pakistan)

Source: own based on https://www.google.com/maps
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The  bootstrap analysis (Tab.  2) confirms 
that innovativeness acts as  a  crucial conduit 
between firm resources and performance. 

First, the  relationship between family 
branding and performance is partially mediated 

by  innovativeness (indirect effect  =  0.389; 
95%  CI (0.323,  0.452)). This suggests a  dual 
advantage: a  strong family brand directly at-
tracts customers through reputation, while 
simultaneously fostering an  internal culture 

selected for data analysis. The  high response 
rate was attributed to  the  physical administra-
tion of questionnaires through direct interactions 
and a  follow-up procedure involving reminder 
phone calls for online respondents. The  demo-
graphic features of all respondents are presented 
in  appendix (Tab.  A1). Although detailed data 
on  non-respondents were unavailable, the  bal-
anced distribution of  respondents across firm 
size and age categories (see appendix – Tab. A1) 
suggests that the sample adequately represents 
the targeted population of SMEs in the region.

Measurement model
A  confirmatory factor analysis was conducted 
on the final dataset to assess the discriminant 
validity of  the five constructs: family branding, 
proactiveness, risk taking, innovativeness, and 
firm performance. 

The  preliminary measurement model 
consisted of  18  items assessing the  five con-
structs mentioned, demonstrating adequate 
fit as  all  items exhibited loadings exceed-
ing  0.7 onto  their respective constructs 
(χ2 (86) = 270.473, χ²/df = 2.481, GFI = 0.927, 
AGFI = 0.898, CFI = 0.965, RMESA = 0.057, 
and SRMR  =  0.039). In  addition to  that, 
two  items of  innovativeness and one item 
from family branding were deleted due 
to  cross-loadings with other constructs to  im-
prove the model fit recommendations. This itera-
tive elimination process culminated in a refined 
measurement model that adhered to both spe-
cific and overall goodness-of-fit benchmarks. 
(χ2 (86) = 121.839, χ²/df = 1.523, GFI = 0.966, 

AGFI = 0.949, CFI = 0.989, RMESA = 0.034, 
and SRMR = 0.0315) (see appendix – Tab. A2).

Further data validation, i.e., composite reli-
ability (CR), average variance extracted (AVE), 
maximum shared variance (MSV), and inter con-
struct correlations for each construct presented 
in appendix (Tab. A3), also achieves the thresh-
old values (CR > 0.7, AVE > 0.5, MSV < AVE, 
√AVE  >  inter construct correlations), ensuring 
construct reliability, convergent and discriminant 
validity (Hair et  al., 2018). Appendix (Tab. A3) 
presents all features of  data including descrip-
tive, reliability, and validity statistics.

3.2	 Hypotheses testing
The  structural model results (Tab.  1) reveal 
that intangible resources are critical drivers 
of  SFF performance, collectively explain-
ing 61.4% of  the  variance (R2  =  0.61). Spe-
cifically, family-based brand identity emerged 
as  the  most dominant predictor (β  =  0.642, 
p < 0.001). This indicates that in the Pakistani 
market, the  trust, reputation, and distinctive-
ness associated with the  family name are far 
more valuable assets than behavioral traits 
alone. Proactiveness also  plays a  vital role 
(β  =  0.193, p  <  0.001), suggesting that firms 
actively scanning for market opportunities sig-
nificantly outperform reactive ones. In contrast, 
while risk-taking showed a positive effect, its di-
rect impact was marginal compared to the other 
constructs (β = 0.064, p < 0.049), implying that 
mere boldness without strategic action yields 
limited direct returns. These results provide 
substantial support for hypotheses H1–H3.

Hypotheses Independent variable Beta Sig. R-squared Observation
H1 Risk taking 0.064 0.049

61.40%

Accepted

H2 Proactiveness 0.193 0.000 Accepted

H3 Family branding 0.642 0.000 Accepted

Note: Dependent variable – firm performance.
Source: own

Tab. 1: Results of hypotheses testing (direct effects)
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that encourages employees to  share ideas 
and innovate. Similarly, proactiveness affects 
performance both directly and indirectly (indirect 
effect = 0.497; 95% CI (0.414, 0.581)). SFFs that 
anticipate future demands do not just gain a first-
mover advantage; they actively translate these 
insights into tangible innovative outputs. 

Perhaps the most critical finding concerns 
risk-taking. The analysis reveals full mediation 
(indirect effect = 0.124; 95% CI (0.020, 0.222)), 
as  the  direct path became non-significant 
in  the  presence of  the  mediator. This implies 
that for small family firms, risk-taking behavior 
is not inherently profitable. It  only converts 
into improved performance when that risk is 

channeled specifically into innovative activities. 
In  other words, blind risk-taking is ineffective; 
only risk-taking that fuels innovation drives 
value. Thus, hypotheses H4–H6 are supported.

The confirmatory factor analysis and struc-
tural equation modeling results not only provide 
robust statistical evidence for the  model’s fit 
and hypothesized relationships but also  offer 
important insights for understanding the drivers 
of performance in SFFs.

Interpretation of key findings
The standardized path coefficients indicate that 
family branding has the strongest direct effect 
on  firm performance (β  =  0.642, p  <  0.001), 

Hypothesis Mediating paths Direct effects  
(LLCI; ULCI)

Indirect effects  
(LLCI; ULCI) Observations

H4 Risk taking → performance 
(via INV)

0.208
(−0.0450: 0.0865)

0.1244
(0.0204: 0.2225) Full

H5 Proactiveness → performance 
(via INV)

0.1539
(0.0798: 0.2279)

0.4969
(0.4140: 0.5807) Partial

H6 Family branding → performance 
(via INV)

0.3817
(0.3158: 0.4475)

0.3891
(0.3237: 0.0452) Partial

Source: own

Tab. 2: Results of hypotheses testing (mediating effects)

Fig. 3: Empirical results of the structural model

Note: β – standardized path coefficients for direct effects; IE – total indirect effect through Innovativeness; * p < 0.05; 
*** p < 0.001; † indicates significant indirect effect based on bootstrapping (LLCI/ULCI > 0).

Source: own

Family based 
brand identity

Proactiveness

Risk taking

Innovativeness
Perceived firm
performance

β = 0.193***

IE: 0.497 †
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followed by proactiveness (β = 0.193, p < 0.001)  
and risk-taking (β  =  0.064, p  <  0.049). 
This ranking suggests that, in  the  context 
of  Pakistani  SFFs, building and leveraging 
a family-based brand identity represents the most 
powerful intangible resource for achieving com-
petitive advantage and superior performance. 
Proactiveness contributes positively as well, em-
phasizing the need for firms to anticipate market 
changes and act on  emerging opportunities. 
While risk-taking shows a significant effect, its 
smaller coefficient implies that boldness alone 
does not drive performance as strongly unless 
coupled with other strategies.

The  model’s R-squared value (61.4%) 
demonstrates that these intangible resources 
collectively explain a  substantial proportion 
of the variance in perceived firm performance, 
underscoring their strategic importance in 
resource-constrained settings.

In practical terms, the size of the effect for 
family branding is considered large, while that 
for proactiveness is moderate and for risk-tak-
ing is small. These results highlight that, among 
the variables studied, family-based brand iden-
tity should be prioritized by SFF leaders aiming 
to strengthen their competitive position. 

The empirical results provide strong support 
for the study’s research objectives and hypoth-
eses: confirming that family-based brand identity 
and entrepreneurial orientation (proactiveness 
and risk-taking) are valuable firm-specific re-
sources in SFFs; demonstrating innovativeness 
as a key mediating mechanism; and empirically 
extending the RBV to the context of small family 
firms in emerging markets.

It  is important to  acknowledge that, 
as  with all research, some limitations ap-
ply. The  use of  convenience sampling and 
the  concentration on  two major cities may 
limit the generalizability of  the findings to all 
Pakistani  SFFs or to  family firms in  other 
countries. Self-reported measures of  firm 
performance, while common in management 
studies, are subject to  potential respondent 
bias. These considerations suggest the value 
of  future research employing more diverse 
sampling and objective performance data, 
as well as longitudinal designs to further vali-
date the relationships observed.

4	 Discussion
This study explores the  relationships among 
family-based branding identity, entrepreneurial 

orientation, and the  mediating role of  inno-
vativeness in  SFFs. As  previously discussed, 
family branding and entrepreneurial orientation 
are pivotal factors influencing a  firm’s innova-
tiveness and overall performance (Jocic et al., 
2023). Despite their significance in  entrepre-
neurial firms, only a  limited number of studies 
have considered these factors when examining 
determinants of innovativeness in SFFs.

Jocic et al. (2023) and Sherlock et al. (2023) 
contributed to  examination of  the  impacts 
of family branding and entrepreneurial orienta-
tion as  fundamental constructs, establishing 
a robust foundation for firm innovativeness and 
subsequent outcomes. However, these studies 
used global sample. The  study aims address 
gap in specific region, specifically in Pakistan. 
The empirical findings confirm the central role 
of  these constructs in  shaping an  innovative 
organization. Consequently, this research con-
tributes to the theoretical understanding of the 
antecedents of  family branding and entrepre-
neurial orientation, as  well  as  the  mediating 
influence of innovativeness, supported by con-
crete empirical evidence.

Furthermore, these results contextualize 
the  resource-based view within an  emerg-
ing market setting. Unlike studies on  large, 
listed family firms in  developed economies 
that often emphasize formal R&D and financial 
capital as primary performance drivers (Dabić 
et  al., 2023), our findings highlight that SFFs 
in Pakistan rely heavily on strategic intangibles, 
which include not only brand reputation but 
also the effective implementation of knowledge 
management and adaptive managerial thinking 
(Bureš, 2006). In  an  environment character-
ized by  institutional voids and limited formal 
financing, the  trustworthiness and reputation 
associated with the family-based brand identity 
serve as  a  critical substitute for the  structural 
resources possessed by  larger conglomer-
ates (Luo, 2019). This suggests that for SFFs, 
the family name is not merely a marketing tool, 
but a fundamental institutional asset that builds 
trust and legitimizes risk-taking and innovation 
(Beck & Prügl, 2018).

Additionally, this study in  accordance 
with results of  (Jocic et  al., 2023; Sherlock 
et  al., 2023) emphasizes the  importance for 
non-listed  SFFs to  consistently prioritize and 
nurture entrepreneurial orientation in  their 
organizational culture. This is crucial, as the in-
clination for proactiveness and risk taking 
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may inherently favor SFFs over their larger 
counterparts. Top management should actively 
foster a  culture of  adventurous thinking and 
creativity by consistently promoting new ideas 
within  the  organization, thereby cultivating 
an environment conducive to innovativeness.

In the view of SFFs branding, this study can 
complement findings of Astner and Gaddefors 
(2025), who looked at  SFFs branding from 
the  perspective of  the  founder of  SFF or  add 
to  Maldonado-Guzmán et  al. (2023) where 
authors measured SFFs  brand management. 
This research seeks to  assess the  applicabil-
ity of  the  scale in  the  context of  small-scale 
family firms. This implies that even in  smaller 
firms, the  extent to  which a  firm is dedicated 
to establishing its brand identity and entrepre-
neurial capacity can be empirically measured. 
In essence, this study underscores the need for 
ongoing attention to  these factors, suggesting 
that maintaining a focus on brand identity and 
entrepreneurial capacity is relevant and mea-
surable in the case of SFFs.

Implications. Through exploratory inquiries 
into proposed connections, the results indicate 
that SFFs should be inclined towards entrepre-
neurial activities and focus on establishing their 
family identity as a brand to  seize more busi-
ness opportunities which is align with Botero 
et al. (2018). Additionally, the findings support 
Fredyna et al. (2019) that the combination of en-
trepreneurial orientation and a  strong sense 
of  family branding can be bolstered in  these 
firms through innovative behavior. These SFFs 
appear to possess the ability to generate intan-
gible assets, particularly in the form of entrepre-
neurial orientation, through innovative culture 
and practices. The  results further validate 
that both family branding and entrepreneurial 
orientation play pivotal roles as drivers of firm 
innovativeness. This, in turn, establishes inno-
vativeness as a significant precursor to overall 
firm performance.

Many small entrepreneurial family firms 
operate with limited size and resources (Heider 
et  al., 2022). Despite these constraints, they 
actively pursue success by  leveraging core 
resources such as  their brand identity, entre-
preneurial orientation, and innovativeness. 
Consequently, the inclination to innovate, a cru-
cial factor in maintaining competitiveness, may 
be more pronounced in  such  firms compared 
to  their larger counterparts (Yin  et  al., 2023). 
It  is recommended that top managers in SFFs 

devote considerable attention to  enhancing 
innovativeness, with a specific focus on entre-
preneurial practices, to  achieve superior firm 
performance. The  results indicate that family 
branding and entrepreneurial orientation posi-
tively influence a  company’s innovativeness, 
leading to improved overall performance. It ap-
pears that innovativeness plays a  central role 
in  integrating key factors that impact a  firm’s 
performance. 

While companies may express a desire for 
innovation and breakthroughs in their research 
and development activities, progress may be 
limited if  there is not a  sufficient capacity for 
innovativeness (Paswan et  al., 2021). This 
capacity, in turn, relies on the fundamental fac-
tors of  entrepreneurial orientation and brand-
ing. Therefore, the  findings suggest that both 
innovation managers and general managers 
should adopt a  learning-oriented approach, 
with particular emphasis on  developing both 
family branding and entrepreneurial orientation. 
This recommendation is particularly crucial 
as managers in many entrepreneurial firms are 
often the founders or part of the founding team 
of the company.

Future directions. Future studies should 
broaden the  scope by  examining the  remain-
ing dimensions of Entrepreneurial Orientation, 
specifically autonomy and competitive ag-
gressiveness, which were not covered in  this 
study. Furthermore, examining other potential 
moderators or  mediators, such as  family gov-
ernance mechanisms or  market turbulence, 
could provide a  more nuanced understanding 
of  the  branding-performance-innovativeness 
link. It  is also  advisable for future research 
to  comprehensively examine innovativeness 
in existing literature, giving particular attention 
to construct validity. Further, investigating other 
dimensions of  risk taking, including uncertain-
ties associated with venturing into uncharted 
territories, substantial investments in uncertain 
projects, and personal risks tied to unforesee-
able professional challenges, can enrich future 
research in  this domain (Ling-Zi et  al., 2018; 
Tipu, 2017).

Conclusions
This study makes several novel contributions 
by positioning family-based brand identity and 
entrepreneurial orientation (proactiveness and 
risk taking) as  critical intangible resources 
under the  resource-based view, specifically 



1352026, volume 29, issue 2, pp. 124–140, DOI: 10.15240/tul/001/2026-2-009

Business Administration and Management

in  the  context of  small family firms operating 
in emerging markets. Through a rigorous SEM 
analysis of  data from 460  privately held firms 
in  Pakistan, it  demonstrates that these fam-
ily firm specific assets not only exert direct ef-
fects on perceived performance but also drive 
performance indirectly by  fostering organiza-
tional innovativeness. By empirically validating 
innovativeness as  a  mediator, this research 
illuminates the  mechanisms through which 
reputational and behavioral resources translate 
into competitive advantage, thereby enriching 
RBV theory and the family business literature. 
Crucially, the  study clarifies the  hierarchy 
of  these resources in  the  Pakistani context: 
while family reputation serves as the dominant 
direct driver of  success, risk-taking behavior 
is shown to  be insufficient on  its own, relying 
entirely on the mediating mechanism of innova-
tiveness to generate value.

While prior research has established 
the  general positive link between EO and 
performance (Rauch et  al., 2009), this study 
moves beyond incremental validation by  iso-
lating the  conditional nature of  risk-taking. 
It  demonstrates that in  resource-constrained 
environments, risk-taking is not a direct driver 
of  success but a  latent resource that yields 
returns only when mediated by  innovative-
ness. The  theoretical implications of  these 

findings include a deeper integration of  family 
identity into resource-based frameworks and 
a  more refined understanding of  entrepre-
neurial orientation’s role as  a  process capital 
in  SFFs. From a  managerial perspective, 
the  results underscore the  importance for 
family firm leaders to  intentionally leverage 
their family name in  stakeholder communica-
tions, institutionalize proactive decision mak-
ing, and embrace calculated risks to  cultivate 
an innovation-oriented culture.

From a  practical perspective, the  find-
ings offer specific guidance for SFF owners 
and managers operating with limited budgets 
as summarized in Fig. 4: 
(i)  Leverage the  family name as  a  strategic 
asset: owners should explicitly operational-
ize their family identity not just as a  logo, but 
as a narrative tool. Marketing strategies should 
focus on  storytelling that emphasizes family 
history, trustworthiness, and longevity to over-
come the “liability of smallness” and institutional 
voids common in emerging markets;
(ii) Institutionalize innovation over blind 
risk-taking: since risk-taking alone does not 
drive performance, managers must avoid spec-
ulative ventures that lack an innovation compo-
nent. Instead, SFFs should implement low-cost, 
structured innovation routines, such as regular 
“idea boxes” or family-employee brainstorming 

Fig. 4: Strategic framework for managerial action in SFFs

Source: own
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sessions, to transform the firm’s risk propensity 
into tangible process or product improvements.
(iii) Foster a  proactive culture: the  study con-
firms that proactiveness impacts performance 
both directly and indirectly. Managers should 
encourage a culture where anticipating market 
changes is rewarded, ensuring the firm remains 
agile even without large capital reserves.

Despite its contributions, this research fac-
es limitations. First, the cross-sectional design 
restricts causal inferences. Second, the survey 
was conducted in English. Although English is 
the standard language of business in Pakistan, 
this choice may have introduced a selection bias 
by underrepresenting micro-enterprises where 
owners possess lower English proficiency. 
Third, the  reliance on self-reported perceptual 
measures of performance, while necessary due 
to  the private nature of SFFs, may be subject 
to social desirability bias. Finally, while Lahore 
and Faisalabad represent the  industrial core 
of  the  region, the  concentration of  sampling 
in  these two metropolitan areas implies that 
the findings may not fully reflect the dynamics 
of family firms in rural areas or other emerging 
markets with different economic structures. 
Future studies should therefore employ longi-
tudinal designs, strive to triangulate subjective 
responses with objective financial data, and 
incorporate additional dimensions of entrepre-
neurial orientation to  further validate the mod-
el’s external validity.
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Appendix

  Frequency Percentage (%)
Nature of the business
Manufacturing 354 77

Services 106 23

Age of the firm
1–9 years 315 68.5

10–19 years 94 20.4

20–50 years 37 8

50–75 years 14 3

Work experience of respondents
1–10 years 288 62.6

11–20 years 61 13.3

21–30 years 66 14.3

More than 30 years 45 9.8

Number of employees
Less than 10 75 16.3

10–30 employees 198 43

30–100 employees 132 28.7

100–500 employees 45 9.8

Above 500 employees 10 2.2

Position held by the respondents
Top-level management (e.g., CEO, managing director, 
chairman) 296 64.3

Middle Level (e.g., department head, senior managers) 128 27.8

Lower-level management (e.g., line managers) 36 7.8

Source: own

Tab. A1: Demographic information
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Measurement items Items Loadings CR AVE

Risk taking (RTT)
RT1 0.877

0.886 0.721RT2 0.809

RT3 0.859

Proactiveness (PRR)
PR1 0.819

0.803 0.803PR2 0.958

PR3 0.906

Family branding (FBB)
FB2 0.932

0.959 0.886FB3 0.956

FB4 0.935

Innovation (INVV)
INV2 0.831

0.909 0.909INV3 0.907

INV5 0.892

Perceived firm performance (PFPP)
PFP1 0.934

0.965 0.965PFP2 0.961

PFP3 0.955

Source: own

  CR AVE MSV MaxR(H) INVV FBB PRR RTT PFPP

Innovativeness 0.909 0.770 0.640 0.915 0.877

Family branding 0.959 0.886 0.582 0.960 0.665*** 0.941

Proactiveness 0.924 0.803 0.354 0.947 0.585*** 0.595*** 0.896

Risk taking 0.886 0.721 0.013 0.890 0.116* 0.068 0.042 0.849

Perceived firm’s 
performance 0.965 0.902 0.640 0.967 0.800*** 0.763*** 0.586*** 0.115* 0.950

Note: CR – composite reliability; AVE – average variance extracted; MSV – maximum shared variance; MaxR(H) – maxi-
mal reliability; INVV – innovativeness; FBB – family branding; proactiveness (PRR); RTT – risk taking; PFPP – perceived 
firm’s performance.

Source: own

Tab. A2: Measurement model

Tab. A3: Discriminant and convergent validity
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Introduction
Innovation is a key driver of productivity growth 
and long-term competitiveness (Hall, 2011). 
Firms’ innovation decisions are shaped both 
by  their internal capabilities and by the  insti-
tutional environments in  which they operate 
(Donges et al., 2023). Institutional theory posits 
that organizations operate within formal and 
informal rules that structure incentives, con-
straints and legitimacy pressures (North, 1990; 
Scott, 2014). These institutional arrangements 
influence access to resources and shape firms’ 
perceptions of risk and expected innovation re-
turns. Recent work highlights the interaction be-
tween institutional environments and firm-level 
resource endowments in  shaping innovation 
outcomes (Natera &  Castellacci, 2021; Peng 
et al., 2020). Complementing this perspective, 
the  resource-based view (RBV) emphasizes 
firms’ unique and hard-to-imitate resources and 
dynamic capabilities as  foundations of  com-
petitive advantage (Barney, 1991; Schilke 
et al., 2018; Teece, 2014). Together, these two 
perspectives indicate that institutions define 
the external opportunity structure, while internal 
capabilities determine how effectively firms can 
exploit it. Consistent with this dual perspective, 
we  first focus on  corruption as  a  salient insti-
tutional friction because it directly raises trans-
action costs and reduces the  appropriability 
of  innovation returns, thereby reshaping firms’ 
expected payoffs from innovation (Cuervo-
Cazurra, 2016; North, 1990; Scott, 2014).

Against this backdrop, we begin by examin-
ing corruption as a primary institutional barrier. 
A broad empirical literature shows that corrup-
tion reduces the  likelihood of  introducing new 
products or services by  increasing uncertainty 
and transaction costs (Cuervo-Cazurra, 2016; 
Ellis et al., 2020; Lee et al., 2020). Weak insti-
tutional environments further discourage both 
incremental and radical innovation (Fisman 
et al., 2024; OECD, 2023) and undermine inno-
vation quality, reducing the number and impact 
of  green patents (Quan et  al., 2023). Political 
connections also steer firms toward safer, less 
transformative innovation trajectories (Zhong 
& Zheng, 2025).

The impact of labor market regulation on in-
novation remains theoretically ambiguous. Em-
ployment protection may encourage investment 
in firm-specific skills, yet rigid rules can hinder 

flexibility and slow resource reallocation (Acha-
rya et al., 2013). Firms’ perceptions of  regula-
tory stringency and administrative burden often 
shape their responses as  much as  statutory 
provisions (The World Bank, 2019–2023). From 
an  RBV  perspective, firm-level capabilities, 
such as  productivity, managerial composition 
and organizational scale, affect absorptive ca-
pacity and influence how firms translate exter-
nal conditions into innovation (Stříteská et al., 
2016; Teece, 2018).

Despite extensive research, important gaps 
remain. Institutional and firm-level determinants 
are rarely examined within a unified framework. 
Less is known about how perceived corruption 
and perceived labor regulation influence inno-
vation outcomes, especially using harmonized, 
cross-country firm-level data. Moreover, many 
cross-country studies rely on input-based indi-
cators (R&D, patents) rather than actual product 
and market-level innovation outcomes. The aim 
of  this paper is to explain cross-country varia-
tion in the share of firms that: (i) introduce new 
products or services; and (ii) bring innovations 
new to  the main market, focusing on de  facto 
institutional constraints (perceived corruption, 
perceived labor regulation) and on  firm capa-
bilities measured as  countrylevel aggregates 
(labor productivity growth, the  share of  firms 
with a woman in top management, and average 
firm size as a control).

Drawing on World Bank Enterprise Surveys 
(The  World Bank, 2019–2023), the  analysis 
integrates institutional and firm-level factors 
to provide a multi-level explanation of  innova-
tion performance. Our  selection of  variables 
follows the  joint logic of  institutional theory 
and the  resource-based view. Perceived cor-
ruption and perceived labor regulation capture 
economy-wide rules that shape risk, appropri-
ability and adjustment costs (Acharya et  al., 
2013; Cuervo-Cazurra, 2016; North, 1990; 
Scott, 2014). Labor productivity growth, gender 
diversity in top management and firm size proxy 
firms’ resource endowments, absorptive capac-
ity and coordination capabilities (Barney, 1991; 
Hall et  al., 2009; Leiponen &  Helfat, 2010; 
Teece, 2014). We acknowledge other relevant 
determinants such as access to finance, export 
intensity and competitive pressure; these are 
conceptually important but lie outside our fo-
cal model to  maintain parsimony and a  clear 
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mapping between theory and measurement 
given the  cross-country design. Firm size is 
retained as  a  control to  net out scale-related 
heterogeneity, and any significant association 
is interpreted in  this role rather than as a pri-
mary explanatory mechanism (Hall et  al., 
2009; Leiponen & Helfat, 2010). The remainder 
of the paper develops the hypotheses, presents 
the  data and methods, reports and discusses 
the findings and concludes with theoretical and 
practical implications.

1	 Theoretical background 
and hypothesis development

Perceived corruption constitutes a  major in-
stitutional barrier for firms, reducing the  likeli-
hood of  introducing new products or  services 
(De Rosa et al., 2015; Lee et al., 2020). Corrupt 
environments increase the  transaction costs 
of  innovation. Instead of  enhancing internal 
productivity, managers must devote time and 
resources to  negotiations with officials, which 
undermines governance systems (Bó & Rossi, 
2007). At  the  same time, the  appropriabil-
ity of  future returns from innovation declines, 
as access to licenses and intellectual property 
protection is frequently conditioned on informal 
payments. Higher costs and lower expected re-
turns, therefore, prompt firms to delay or aban-
don innovation projects (Bó  &  Rossi, 2007). 
From the perspective of institutional theory, cor-
ruption distorts the  rules of  the  game, erodes 
trust in  formal institutions, and systematically 
weakens firms’ incentives to engage in uncer-
tain innovation projects (North, 1990; Peng 
et  al., 2020; Scott, 2014). By  raising transac-
tion costs and lowering appropriability, corrup-
tion undermines the  institutional foundations 
of innovative activity (Bănică et al., 2024). This 
theoretical perspective implies that innovation 
depends not only on the  availability of  finan-
cial or  technological resources but also on 
the predictability and fairness of the institutional 
environment. 

Empirical studies on  firms in  Central 
and Eastern Europe confirm that higher 
regional corruption reduces the  likelihood 
of both product and process innovations, even 
after controlling for regulatory and financial 
constraints (De  Rosa et  al., 2015; Lee et  al., 
2020). Comparable evidence beyond CEE 
also shows that corruption depresses not only 
the quantity but the quality of innovative output 
in  firms (e.g.,  among U.S.  firms), reinforcing 

the  institutional mechanism above (Ellis et al., 
2019). More recent research further indicates 
that corruption also  affects innovation quality. 
Quan et al. (2023) found that political corruption 
systematically decreases the number of green 
patents and their citation impact, implying 
weaker technological and economic contribu-
tions. At  the  same time, work on  political ties 
suggests that when anti‑corruption shocks 
sever connections, firms may temporarily redi-
rect effort toward patenting, but this does not 
necessarily translate into higher grant rates, 
consistent with heightened uncertainty and 
short‑term signaling (Zhong &  Zheng, 2025). 
At the level of European regions, Bănică et al. 
(2024) confirm that institutional quality, particu-
larly control of corruption and rule of law, is cru-
cial for sustainable innovation performance and 
the generation of high-quality knowledge.

Business surveys reveal similar conclu-
sions. A  higher frequency of  “facilitation pay-
ments” is associated with a  lower probability 
of technological innovation (Shabir et al., 2020). 
The  negative consequences of  corruption are 
most pronounced in  industries characterized 
by frequent interactions with public administra-
tion and complex licensing procedures, where 
informal payments are more likely (Yakovlev 
& Zhuravskaya, 2013). In these sectors, owners 
often prioritize managers with political connec-
tions over technically competent ones, which 
reduces productivity and innovation capacity 
(Mironov, 2015). This aligns with the  findings 
of Zhong and Zheng (2025), who show that po-
litical connections constrain both the scope and 
radicalness of innovation, especially in contexts 
with weak rule of law. 

Weak contractual institutions combined 
with corruption further hinder technological 
progress, particularly in  industries dependent 
on contract-based inputs. Bănică et al. (2024) 
add that in  the  context of  green and digital 
transformation, institutional quality is essential 
not only for the volume but also for the strategic 
orientation of innovation. Importantly, firms’ day 
to day experience of the business environment 
often reflects “deals rather than rules”, mean-
ing that perceived obstacles capture de  facto 
frictions that formal indicators may miss 
(Hallward‑Driemeier &  Pritchett, 2015). From 
a policy perspective, this implies that financial 
incentives, such as  R&D tax credits, may not 
suffice to  stimulate innovation unless accom-
panied by  systematic reduction of  regulatory 
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burdens, which, in fact, increased after EU ac-
cession (Alfano et  al., 2020). Strengthening 
the  rule of  law and enhancing anti-corruption 
enforcement thus appear to be critical prereq-
uisites for boosting productivity and innovation 
activity of  European firms (Lee et  al., 2020). 
Moreover, Dokas et al. (2023) demonstrate that 
innovation can mitigate the  negative impact 
of  corruption on economic growth, particularly 
in advanced economies.

Based on the  above arguments, we 
hypothesize that:

H1a: Higher perceived corruption as a ma-
jor obstacle to  doing business reduces the 
likelihood of  incremental innovation (introduc-
tion of  new products/services) by  increasing 
transaction costs and lowering appropriability 
of returns.

H1b: Higher perceived corruption reduces 
the  likelihood of  market-novel innovation, 
as  systemic uncertainty discourages high-risk 
projects.

Labor regulations, particularly employment 
protection legislation (EPL), exert an ambivalent 
influence on  firms’ innovation performance. 
On  the  one hand, they prevent arbitrary dis-
missals, mitigating the  hold-up problem and 
encouraging employees to invest in firm-specific 
knowledge – a key input for the emergence and 
development of  innovations (Acharya et  al., 
2013). On the other hand, they raise restructur-
ing costs and reduce flexibility in  reallocating 
resources, potentially lowering innovation pro-
ductivity, especially in industries requiring rapid 
adaptation and short learning cycles (Bai et al., 
2020). The  overall effect of  EPL is therefore 
highly context-dependent – shaped by the tech-
nological intensity of  industries, the  degree 
of competitive pressure, and firms’ strategic ori-
entation (Acharya et al., 2013). Institutional per-
spectives suggest that regulatory frameworks 
shape the opportunity set of  firms by defining 
the balance between flexibility and stability (Na-
tera &  Castellacci, 2021; Scott, 2014). When 
regulations are perceived as  excessive, they 
impose institutional pressures that discourage 
experimentation and risk-taking; when per-
ceived as  stabilizing, they provide legitimacy 
and a foundation for long-term investments. 

In recent years, greater attention has been 
devoted to the perceptual dimension of regula-
tion, which captures how firms subjectively as-
sess its stringency and impact. This approach 

encompasses not only the  formal legislative 
framework but also  its enforceability, adminis-
trative complexity, and the quality of superviso-
ry mechanisms (The World Bank, 2019–2023). 
When firms perceive labor regulations primarily 
as a bureaucratic or financial burden, they may 
pursue radical product innovations as  a  new 
source of  competitive advantage (Bassanini 
et al., 2009; Gao & Anwar, 2024). Conversely, 
firms that perceive regulations as a stabilizing 
framework for employee relations may focus 
on  incremental improvements of  their existing 
offerings (Filippetti &  Guy, 2020). The  nega-
tive effects of  rigid labor regulations on  in-
novation can be alleviated by  factors such as 
high-quality human resource management, 
strong innovation culture, or the  availability 
of  flexible employment arrangements, which 
enable firms to benefit from workforce stability 
without sacrificing adaptability (Bassanini et al., 
2009; Gao & Anwar, 2024).

Based on the  above arguments, we 
hypothesize that:

H2a: When perceived as a significant bar-
rier, labor regulations reduce incremental in-
novation by limiting firms’ short-term flexibility.

H2b: When perceived as a significant bar-
rier, labor regulations reduce market-novel in-
novation by  constraining strategic reallocation 
capacity.

The  2023 Survey of  Adult Skills (PIAAC) 
confirmed that cross-country differences 
in  workers’ competencies significantly contrib-
ute to  productivity gaps. At  the  industry level, 
a higher average skill level among employees 
is systematically associated with higher produc-
tivity, potentially explaining up to  one-quarter 
of  cross-country differences in  industrial pro-
ductivity (Hanushek &  Woessmann, 2015; 
OECD, 2023). A greater share of highly skilled 
employees also  facilitates innovation diffusion 
and accelerates technology adoption, thereby 
strengthening firms’ ability to  respond to com-
petitive pressures (Bartelsman et al., 2013). 

Productivity is also  indirectly influenced 
by the  effective allocation of  human capital. 
Skills mismatch, when workers’ skills do  not 
correspond to  job requirements, leads to  inef-
ficient resource utilization and lowers aggre-
gate productivity, particularly in R&D-intensive 
industries (Quintini, 2011). Empirical estimates 
suggest that approximately 10%–12% of  pro-
ductivity differences across countries can be 
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attributed to  the distribution of  skilled workers 
across firms (OECD, 2023). While overqualifi-
cation may bring short-term benefits at the firm 
level, at  the macroeconomic level such misal-
location impedes the  expansion of  more pro-
ductive firms and slows aggregate productivity 
growth (Moretti, 2021). 

Historically, Europe has lagged behind 
the  United States in  effectively reallocating 
human capital to  the  most productive firms, 
which has resulted in a slower pace of techno-
logical renewal. Key factors include lower entry 
of new dynamic firms, weaker growth of  large 
leaders, and the  persistence of  less produc-
tive firms in  the  market (Bartelsman et  al., 
2013). Between 2003 and 2023, the  average 
annualized growth of  total factor productivity 
(TFP) among European firms in  non-techno-
logical industries reached only 0.9%, compared 
to  2.6% in  the  United States; in  the  technol-
ogy sector, European productivity declined 
by 0.3% per year, while U.S. productivity grew 
by 1.5% (OECD, 2023). Similar gaps are evi-
dent in R&D investment: U.S. technology firms 
allocate on average 12% of revenues to R&D, 
while European firms only 3%–4%, contributing 
to  the  widening gap in  both the  quantity and 
quality of patents (OECD, 2023). From the RBV, 
labor productivity represents a  fundamental 
internal capability that enables firms to  real-
locate resources, absorb external knowledge, 
and pursue higher-risk projects (Barney, 1991; 
Schilke et al., 2018; Teece, 2018). Productivity 
growth not only reflects efficiency improve-
ments but also  provides the  internal slack 
required for long‑term investments in uncertain 
and market‑novel innovations. Firms with high-
er productivity are therefore better positioned 
to  exploit dynamic capabilities and transform 
resource advantages into superior innovation 
outcomes (Natera &  Castellacci, 2021). Con-
sistent with this capability view, micro‑evidence 
from European SMEs links stronger innovation 
performance to  firm‑level productivity and as-
sociated absorptive capacity (Hall et al., 2009).

Building on the  RBV mechanism whereby 
productivity growth creates slack and strength-
ens absorptive capacity, we hypothesize that:

H3a: Growth in labor productivity negatively 
correlates with incremental innovation, as  ef-
ficiency improvements substitute for minor 
product changes.

H3b: Growth in  labor productivity posi-
tively correlates with market-novel innovation, 

as enhanced efficiency creates resource slack 
for ambitious projects.

Research indicates that gender diver-
sity in top management teams (TMT) enhances 
firms’ innovation capabilities and strategic 
adaptability. Diverse perspectives and experi-
ences improve the ability to identify new market 
opportunities and make informed decisions, 
particularly in  environments of  rapid techno-
logical change (Jeong &  Harrison, 2017; Lee 
& Chung, 2022). Female leadership styles, char-
acterized by  participative decision-making and 
open communication, foster knowledge sharing 
and collaboration across organizational units 
(Van Knippenberg et al., 2004). Such a culture 
facilitates the transformation of new ideas into 
innovative products and services (Tang et  al., 
2021) and can reduce risk aversion in  long-
term project investments (Lee & Chung, 2022). 

Empirical studies in  European contexts 
confirm that firms with higher representation 
of women in top management are not only more 
likely to introduce innovations new to the main 
market, but also  more effective in  leveraging 
knowledge from external networks and re-
search institutions, thereby strengthening their 
long-term innovation performance (Capozza 
& Divella, 2024; Soukupova et al., 2024). From 
the RBV, gender diversity constitutes a valuable 
intangible resource that enhances the cognitive 
and relational capital of the firm (Barney, 1991; 
Teece, 2014). Aligned with this mechanism, 
evidence shows that the  performance effect 
of women in top management strengthens when 
a  firm’s strategy is innovation‑oriented, and 
that gender‑diverse R&D teams are more likely 
to  produce radical, higher‑novelty outcomes 
(Capozza & Divella, 2024; Dezső & Ross, 2012).

Based on the above arguments, we hypoth-
esize that:

H4a: The presence of a woman in top man-
agement does not significantly affect incremen-
tal innovation.

H4b: The presence of a woman in top man-
agement increases the likelihood of market-novel 
innovation by  enhancing decision-making 
diversity and openness to external knowledge.

The  size of  the  workforce, measured by 
the  number of  full-time equivalent (FTE) em-
ployees, is  a  significant determinant of  firms’ 
innovation capacity. Larger firms typically pos-
sess more extensive resources, specialized 
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Based on the  reviewed literature and for-
mulated hypotheses, the conceptual framework 
(Fig. 1) integrates institutional and organization-
al determinants of  innovation. Building on  in-
stitutional theory (Natera &  Castellacci, 2021; 
Peng et  al., 2020), the  model positions per-
ceived corruption and labor market regulations 

as external constraints shaping firms’ incentives 
and capacity to  innovate. From a  RBV (Bar-
ney, 1991; Schilke et al., 2018; Teece, 2014), 
labor productivity and gender diversity in  top 
management are conceptualized as  internal 
capabilities that enhance firms’ ability to gener-
ate and commercialize new ideas. Innovation is 

teams, and more advanced R&D infrastructure, 
which increases their ability to  implement 
complex innovation projects and commercial-
ize outcomes (Leiponen & Helfat, 2010). From 
a  resource-based view, firm size represents 
a structural capability that enhances the breadth 
of  available knowledge, complementary skills, 
and absorptive capacity (Beck et al., 2022). 

However, large organizational structures 
may also lead to bureaucratic rigidities, slower 
decision-making, and reduced adaptability 
in rapidly changing technological environments. 
Empirical studies confirm that the optimal effect 
of firm size on innovation depends on industry 
structure, technological intensity, and strategic 
orientation (Boly et  al., 2022). Evidence from 
European contexts suggests that in  high-tech 
sectors, the positive relationship between work-
force size and innovation performance tends 
to be stronger, whereas in traditional industries, 
smaller and more agile firms often play a more 

significant role (Hall et al., 2009). This relation-
ship may also  be moderated by the  quality 
of  human capital –  firms with a  higher share 
of  highly skilled employees achieve greater 
returns from R&D investment regardless of to-
tal FTE numbers (Boly et  al., 2022). In  this 
study, firm size is included as a control variable 
to  account for differences in  firms’ resource 
endowment and organizational capacity that 
may influence innovation performance. From 
an  RBV  perspective, size captures a  firm’s 
potential to mobilize resources and coordinate 
knowledge, while also reflecting organizational 
constraints that shape its adaptive capacity. 
In line with this role, we treat firm size as a con-
trol rather than a  focal explanatory variable. 
When its coefficient is statistically significant, 
we  interpret it as  a  scale effect that nets out 
structural heterogeneity, consistent with prior 
evidence on size-innovation relationships (Hall 
et al., 2009; Leiponen & Helfat, 2010).

Fig. 1: Conceptual framework

Source: own
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operationalized in  two complementary dimen-
sions: general innovation outcomes (Innov) 
and market-oriented innovation (Innov_mark). 
Eight hypotheses capture these relationships, 
testing the  effects of  corruption, labor market 
regulation, productivity, and women’s repre-
sentation in  top management. The  framework 
underscores that innovation outcomes are not 
driven by  institutional or organizational factors 
alone but by their interaction, offering a system-
atic basis for understanding how governance 
quality, labor market efficiency, and inclusive 
leadership jointly shape firms’ competitiveness.

2	 Research methodology
2.1	 Data source
The  empirical analysis is based on the  World 
Bank Enterprise Surveys (WBES) (The  World 
Bank, 2019–2023) conducted between 2019 
and 2023. The WBES provides nationally rep-
resentative evidence on  firms in  the  private 
manufacturing and services sectors, using 
a  standardized methodology that ensures 
cross-country comparability. For  this study, 
data from 27 EU member states are used, cov-
ering 5,534 surveyed firms in total. Each coun-
try is surveyed in  a  specific year within this 
period, meaning that the  dataset represents 
a  cross-sectional snapshot rather than a  bal-
anced panel. Unit of analysis and aggregation. 
The unit of  analysis is the  country. Firm-level 
responses from the  WBES are transformed 
into weighted countrylevel indicators using 
the survey weights provided by the World Bank. 

For  binary/categorical items (e.g.,  introduced 
an innovation in the last three years; innovation 
new to the main market; corruption as the big-
gest obstacle; labor regulation as a major/very 
severe obstacle; woman top manager; provision 
of formal training), we compute weighted propor-
tions. For  continuous attributes (e.g.,  average 
firm size), we compute weighted means; national 
labor-productivity growth is aligned to  the  sur-
vey reference window. This design yields one 
observation per country (EU-27; N = 27). Con-
sequently, estimates reflect between-country 
associations in  the  national share of  firms in-
novating; we do not draw firm-level causal infer-
ences. Given the  small-N setting, we privilege 
parsimonious specifications and heteroskedas-
ticity-robust standard errors. The WBES offers 
harmonized and representative measures that 
make it well suited for cross-country research 
in  a  European setting. The  shared EU  policy 
framework focused on competitiveness, digital 
transformation, and sustainable growth further 
enhances comparability while still allowing for 
meaningful differences in  national business 
environments.

2.2	 Description of variables
Two dependent variables capture different 
types of innovation outcomes at the country lev-
el (see Tab. 1). Innov denotes the percentage 
of firms that introduced a new product or service 
within  the  last three years, while Innov_mark 
represents the  percentage of  firms whose in-
novation was also  new to  the  main market. 

Variables Description Theoretical justifications

Innov Companies that introduced a new 
product/service over last 3 years

Incremental innovation (Natera 
& Castellacci, 2021; Teece, 2018)

Innov_mark 
Companies whose new product/
service is also new in the main 

market

Radical innovation (Schilke et al., 2018; 
Teece, 2014)

Corrupt Companies that choosing 
corruption as their biggest obstacle

Corruption distorts formal rules, increases 
transaction costs, and reduces innovation 

incentives (Bănică et al., 2024; North, 
1990; Peng et al., 2020; Scott, 2014)

Labor_regul
Companies that identifying labor 

regulations as a major or very 
severe constraint

Regulatory burdens limit flexibility and 
increase costs, discouraging risk-taking 
and radical innovation (Gao & Anwar, 

2024; Natera & Castellacci, 2021; 
Scott, 2014)

Tab. 1: Overview of variables – Part 1
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Institutional factors include Corrupt (percent-
age of  firms reporting corruption as  the  most 
severe obstacle) and Labor_regul (percent-
age identifying labor regulations as  a  major 
or  very severe barrier). Firm-level capabilities 
are represented by additional country-level ag-
gregates: Labor_prod (average annual growth 
of  labor productivity), Wom_top (percentage 
of  firms with a  woman in  top management), 
Full_work (average number of permanent em-
ployees per firm), Train_work (percentage pro-
viding formal training), and Years_top (average 
tenure of  top managers in  the  sector). Nation 
identifies the country to account for contextual 
heterogeneity. The  variable denotes a  subre-
gional dummy (CEE = 1). We keep the legacy 
label for consistency across the  manuscript; 
it is not a full set of country fixed effects. A limi-
tation of  this approach is the  small number 

of  observations (27  countries), which restricts 
degrees of  freedom and prevents capturing 
within-country heterogeneity. Results should 
therefore be interpreted as exploratory associa-
tions rather than causal effects. Nevertheless, 
WBES provides harmonized and nationally 
representative indicators, ensuring robust com-
parability and policy relevance.

2.3	 Data analysis method
This study applies the  ordinary least squares 
(OLS) method to  estimate the  relationship 
between two dependent variables: Innov 
(percentage of  firms that introduced a  new 
product or  service within  the  last three years) 
and Innov_mark (percentage of  firms whose 
innovation was also  new to  the  main market) 
and a  set of  institutional and organizational 
predictors. OLS  is  a  classical econometric 

Variables Description Theoretical justifications

Labor_prod Real annual labor productivity 
growth (%)

Productivity reflects internal capabilities 
and organizational slack that enable 

innovation (Schilke et al., 2018; 
Teece, 2018)

Wom_top Percentage of firms with a woman 
top manager

Gender diversity in top management 
enhances decision-making diversity, 

collaboration, and innovation capacity 
(Capozza & Divella, 2024; Jeong 

& Harrison, 2017; Lee & Chung, 2022)

Full_work Number of permanent full-time 
equivalent workers

Firm size reflects resource endowment 
and organizational capacity influencing 
innovation (Beck et al., 2022; Leiponen 

& Helfat, 2010)

Train_work Proportion of workers offered formal 
training over last fiscal year (%)

Training enhances absorptive capacity and 
knowledge diffusion, facilitating innovation 

(Hanushek & Woessmann, 2015)

Years_top
Years of the top manager’s 

experience working in the firm’s 
sector

Managerial experience improves strategic 
orientation and resource allocation, 

positively influencing innovation 
(Hitt et al., 2016)

Nation

Coarse contextual dummy 
(CEE = 1, otherwise 0); legacy label 

“Nation” retained for consistency; 
not a full set of country fixed effects

Contextual variable controlling for 
institutional and cultural heterogeneity 

across EU member states (Natera 
& Castellacci, 2021; Peng et al., 

2020); accounts for shared institutional 
and historical legacies at a coarse 

regional level while avoiding overfitting 
in a small-N (27) design

Source: own based on WBES (2023)

Tab. 1: Overview of variables – Part 2
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technique that provides coefficient estimates 
by minimizing the sum of squared residuals, offer-
ing both transparency and interpretability in cross-
sectional research. In line with the Gauss-Markov 
theorem, the assumptions of linearity, exogeneity, 
homoscedasticity, and absence of perfect multi-
collinearity were assessed. Heteroskedasticity-
robust (White-consistent) standard errors were 
computed to address potential heteroskedastici-
ty, and variance inflation factors (VIF) were used 
to test for multicollinearity. Given the relatively 
small sample size (27  countries), we  favour 
parsimonious specifications and interpret esti-
mates as betweencountry associations. Model 
fit was assessed through the coefficient of de-
termination (R²), F-tests of overall significance, 
and information criteria (AIC, Schwarz criterion, 
Hannan-Quinn). Two separate regression mod-
els were estimated. The model for Innov_mark 
explains 54% of  the  variance (R²  =  0.541) 
and identifies four significant predictors: labor 
regulations, labor productivity growth, firm 
size, and gender diversity in top management. 
By contrast, the model for Innov explains 74% 
of  the  variance (R²  =  0.739), but only labor 
productivity growth emerges as  statistically 
significant, with a negative effect. These results 
highlight distinct determinants of  incremental 
versus market-novel innovation, underscor-
ing the  importance of  distinguishing innova-
tion types in  cross-country research. The  use 
of OLS is motivated by its clarity, interpretabil-
ity, and suitability for exploratory cross-country 
analysis, while also enabling the disentangling 
of  marginal effects of  institutional and organi-
zational factors. For a comprehensive overview 
of linear regression methodology and its appli-
cations, see Montgomery et al. (2021). To avoid 
model saturation with N = 27, we do not esti-
mate models with full country fixed effects. 
Instead, the Nation variable serves as a coarse 
subregional control (CEE = 1) to absorb broad 
contextual heterogeneity. We  therefore favour 
parsimonious specifications and heteroske-
dasticity-robust standard errors. Given these 
constraints, cross-national analyses widen 
the scope of inference but can violate indepen-
dence assumptions; results are thus interpreted 
as exploratory associations rather than causal 
effects (Claessens et al.  2023).

3	 Results and discussion
The regression analysis revealed that the share 
of  firms introducing products or  services that 

are also new to the main market is significantly 
influenced by several key factors (see Tab. 2). 
Standard errors are heteroskedasticity-robust 
(White-consistent). Nation denotes a  coarse 
subregional dummy (CEE = 1) used as a par-
simonious context control, full country fixed 
effects are not included due to  small-N  (27). 
The  strongest positive effect was observed 
for the  number of  permanent employees 
(β = 0.621; p = 0.012), suggesting that larger 
firms possess greater capacities for developing 
and implementing innovations with the potential 
to  reach new market segments. Similarly, real 
labor productivity growth (β = 0.350; p = 0.018) 
emerged as  a  statistically significant determi-
nant, confirming that higher efficiency in produc-
tion and processes is associated with a greater 
likelihood of more radical innovations. Another 
noteworthy finding is the positive effect of hav-
ing a  woman in  top management (β  =  0.497; 
p  =  0.027), which supports the  literature em-
phasizing management diversity as  a  source 
of  new perspectives and innovative thinking. 
The perception of labor regulations as a major 
constraint also shows a significant positive re-
lationship (β = 0.363; p = 0.041), which can be 
interpreted as  regulatory pressures paradoxi-
cally stimulating innovation, as firms search for 
new ways to remain competitive. Other predic-
tors, such as  the  top manager’s experience, 
the  provision of  employee training, or  cultural 
factors, did not prove to be statistically signifi-
cant. Overall, the model explains approximately 
54% of  the  variability in  the  dependent vari-
able (R² = 0.541; F(8, 18) = 2.66; p = 0.041), 
indicating satisfactory predictive power and 
underscoring the relevance of the identified de-
terminants for understanding betweencountry 
differences in the national share of firms achiev-
ing market-novel innovation.

The  regression results for the  share 
of firms that introduced a new product or ser-
vice within  the  last three years (see  Tab.  3) 
indicate a  somewhat different pattern of  de-
terminants compared to  the  introduction 
of  products new to  the  main market. Among 
the  examined predictors, two factors stand 
out as  statistically significant. First, the  per-
ception of  corruption as  the  biggest obstacle 
shows a  negative and significant relationship 
(β = −0.472; p = 0.030), implying that higher per-
ceived corruption in  the business environment 
discourages firms from pursuing new product 
or  service development. Second, real annual 
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labor productivity growth also  exerts a  signifi-
cant negative effect (β  =  −0.364; p  =  0.006), 
suggesting that productivity gains in this context 
are not associated with greater innovation out-
put but may instead reflect efficiency-oriented 
strategies rather than product diversification. 
Other independent variables, including firm 
size, workforce training, managerial experi-
ence, gender diversity in  top management, 
and cultural factors, did not reach statistical 

significance. The model explains approximately 
74% of  the  variance in  the  dependent vari-
able (R² = 0.739; F(8, 18) = 4.40; p < 0.001), 
which highlights its strong explanatory capacity. 
Overall, these findings suggest that systemic 
barriers such as corruption and structural shifts 
in  productivity may significantly shape firms’ 
innovation behavior, potentially limiting their 
engagement in the introduction of new products 
and services over time.

Independent Coeff. estimate Std. error t-value p-value Sign. code
Const −0.2381 0.2853 −0.8345 0.4149

Labor_regul 0.3626 0.1642 2.2088 0.0404 **

Corrupt −0.0455 0.1684 −0.2704 0.7899

Labor_prod 0.3499 0.1338 2.6147 0.0176 **

Full_work 0.6210 0.2232 2.7825 0.0123 **

Train_work −0.0568 0.1516 −0.3748 0.7122

Years_top 0.2241 0.1625 1.3787 0.1849

Wom_top 0.4974 0.2063 2.4117 0.0268 **

Nation 0.1645 0.1296 1.2696 0.2204

R² 0.541

Note: * significant at significance level p < 0.1; ** significant at significance level p < 0.05; *** significant at significance 
level p < 0.

Source: own

Independent Coeff. estimate Std. error t-value p-value Sign. code
Const 0.5245 0.3400 1.5427 0.1403

Labor_regul −0.0458 0.1956 −0.2343 0.8174

Corrupt −0.4720 0.2007 −2.3525 0.0302 **

Labor_prod −0.3643 0.1594 −2.2850 0.0347 **

Full_work 0.4078 0.2660 1.5333 0.1426

Train_work 0.1035 0.1806 0.5731 0.5737

Years_top 0.0109 0.1937 0.0560 0.9559

Wom_top 0.0567 0.2458 0.2307 0.8202

Nation 0.0920 0.1544 0.5957 0.5588

R² 0.739

Note: * significant at significance level p < 0.1; ** significant at significance level p < 0.05; *** significant at significance 
level p < 0.

Source: own

Tab. 2: Regression analysis results for radical innovations

Tab. 3: Regression analysis results for incremental innovations
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The  results reveal a  clear divergence 
in  how institutional and firm-level factors 
influence incremental versus market-novel in-
novation. Consistent with institutional theory, 
H1a  is  supported: perceived corruption sig-
nificantly reduces incremental innovation. This 
aligns with the theoretical mechanisms outlined 
earlier, where corruption raises transaction 
costs, lowers appropriability, and distorts formal 
rules of the game (Bó & Rossi, 2007; De Rosa 
et al., 2015; North, 1990; Scott, 2014). These 
mechanisms particularly hinder routine, incre-
mental innovation that depends on  frequent 
regulatory interactions. In contrast, H1b  is not 
confirmed, as  corruption shows no significant 
effect on  market novelty. This asymmetry is 
consistent with the theoretical expectation that 
radical, market-novel innovation relies more 
heavily on  internal capabilities and strategic 
leadership (Schilke et al., 2018; Teece, 2014), 
making firms less vulnerable to institutional fric-
tions highlighted in the theoretical section.

Regarding labor regulations, H2a  is not 
supported. The  absence of  a  significant ef-
fect on  incremental innovation is consistent 
with the  argument that incremental improve-
ments rely on  established routines and may 
be less sensitive to  regulatory rigidity (Filip-
petti &  Guy, 2020). However, H2b  is rejected 
in  an  unexpected direction: labor regulations 
exhibit a positive relationship with market-novel 
innovation. Although this contradicts the  con-
ventional expectation that strict  EPL restricts 
restructuring and risk-taking (Acharya et  al., 
2013; Bai  et  al., 2020), it  is consistent with 
the compliance-induced innovation mechanism 
noted in  the  theoretical section, where regula-
tory stability and constraint may motivate firms 
to  pursue more ambitious strategic differen-
tiation (Bassanini et  al., 2009; Gao  & Anwar, 
2024). This result enriches institutional theory 
by  illustrating that regulatory pressure can 
stimulate, rather than solely inhibit, innovation 
under certain competitive conditions.

The findings for productivity display similar 
asymmetry. H3b is supported: higher labor pro-
ductivity significantly increases the  likelihood 
of market-novel innovation, confirming RBV ar-
guments that productivity reflects internal 
capability, organizational slack, and absorptive 
capacity needed for high-risk projects (Barney, 
1991; Schilke et al., 2018; Teece, 2018). In con-
trast, H3a  shows a  negative effect on  incre-
mental innovation, supporting the  substitution 

mechanism described in  the  theoretical sec-
tion, where efficiency gains reduce the  need 
for small product updates (Hanushek & Woess-
mann, 2015; OECD, 2023). This extends 
the  RBV  perspective by  demonstrating that 
productivity is not a uniform enhancer of  inno-
vation but has differentiated effects depending 
on innovation type.

Gender diversity reveals a  similar pattern. 
H4b  is  supported: the  presence of  a  woman 
in  top management significantly increases 
the  probability of  market-novel innovation. 
This aligns with RBV  insights and evidence 
that diverse leadership enhances knowledge 
integration, strategic adaptability, and open-
ness to  external ideas (Capozza &  Divella, 
2024; Jeong & Harrison, 2017; Lee & Chung, 
2022). H4a  is not supported, which is coher-
ent with the  idea that incremental innovation 
depends more on operational routines than on 
diversity-driven strategic capabilities.

Overall, the results confirm that institutional 
barriers, especially corruption, primarily con-
strain incremental innovation, while firm-level 
resources, particularly productivity, firm size, 
and leadership diversity are decisive drivers 
of  market-novel innovation. This duality re-
flects the complementary logics of  institutional 
theory and the RBV: institutional quality shapes 
the  predictability and fairness of  the  external 
environment (North, 1990; Peng et  al., 2020; 
Scott, 2014), whereas internal capabilities 
determine how effectively firms can transform 
resources into competitive advantage and 
ambitious innovations (Barney, 1991; Schilke 
et  al., 2018; Teece, 2014). The  asymmetric 
effects identified for labor regulation (H2b) and 
productivity (H3a) further refine both frame-
works by  showing that institutional pressures 
and organizational capabilities affect different 
innovation types through distinct mechanisms.

Conclusions
This study examined how institutional and 
organizational factors (perceived corruption, 
labor regulations, productivity growth, firm size 
and gender diversity) shape incremental and 
market-novel innovation across 27  EU  coun-
tries. Our  findings challenge the  conven-
tional assumption that institutional barriers 
uniformly hinder innovation and show that 
their impact depends on  innovation type and 
firm-level resources. Corruption significantly 
suppresses incremental innovation, consistent 
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with institutional theory linking bribery to higher 
transaction costs and lower appropriability 
(North, 1990; Scott, 2014). In contrast, corrup-
tion does not affect market-novel innovation, 
indicating that radical innovation relies more 
on internal strategic capabilities and long-term 
resources (Schilke et  al., 2018; Teece, 2014). 
Labor regulations display a  similar asymme-
try: while unrelated to  incremental innovation, 
they positively predict market-novel outcomes, 
aligning with compliance-induced innovation 
mechanisms. Productivity growth also  rein-
forces this duality, reducing incremental inno-
vation while enabling market novelty through 
greater resource slack and absorptive capac-
ity (Hanushek &  Woessmann, 2015; OECD, 
2023). Firm size and gender diversity further 
strengthen firms’ ability to pursue market-novel 
innovation, supporting RBV views that orga-
nizational capacity and inclusive leadership 
enhance strategic adaptability (Capozza & Di-
vella, 2024; Jeong & Harrison, 2017). Overall, 
incremental innovation is shaped mainly by in-
stitutional weaknesses, whereas market-novel 
innovation is driven by firms’ internal resource 
endowments. These findings refine institutional 
theory and the RBV by showing that institution-
al pressures and internal capabilities operate 
through innovation-type-specific mechanisms, 
offering a multi-level explanation of  innovation 
performance in the EU.

Practical and theoretical implications. 
The  findings carry practical and theoretical 
implications. For  managers, they underline 
the  need to  strengthen governance and 
compliance in  high-corruption environments, 
as  corruption weakens innovation incentives 
(Cuervo-Cazurra, 2016). Labor regulations can 
provide stability when paired with long-term 
workforce development, enabling firms to con-
vert institutional constraints into strategic ad-
vantages that support market-novel innovation 
(Acharya et  al., 2013). Productivity-enhancing 
initiatives, such as upskilling, digitalization and 
efficient resource allocation, remain essential 
for creating the  slack required for ambitious 
innovation (Hanushek &  Woessmann, 2015; 
OECD, 2023). Gender-diverse top manage-
ment further strengthens adaptability and 
knowledge integration (Capozza &  Divella, 
2024; Jeong &  Harrison, 2017). For  EU  poli-
cymakers, the findings recommend combining 
support for innovation with strengthening integ-
rity and enforcement in areas with high levels 

of discretion, such as complex electronic public 
procurement, digital licensing, and risk-based 
controls, as perceived barriers often reflect ac-
tual enforcement frictions that dampen innova-
tion outcomes (Hallward-Driemeier & Pritchett, 
2015; The World Bank, 2019–2023).

Theoretically, the  study shows that institu-
tional theory explains why corruption constrains 
incremental innovation by  increasing uncer-
tainty and undermining routinized innovation 
(De Rosa et al., 2015). In contrast, the RBV ac-
counts for why productivity, firm size and lead-
ership diversity support market-novel outcomes 
through enhanced absorptive capacity (Beck 
et al., 2022; Jeong & Harrison, 2017). The posi-
tive effect of labor regulation on market novelty 
nuances debates by  showing that institutional 
pressures may also stimulate experimentation 
(Acharya et al., 2013). Overall, this framework 
integrates institutional constraints with firm-level 
capabilities and explains why similar institutional 
conditions can lead firms to different outcomes 
in innovation (Barney, 1991; Hallward-Driemeier 
& Pritchett, 2015; Teece, 2014).

Limitations and future research. The 
study’s cross-sectional design, perception-based 
measures and limited number of country-level 
observations restrict causal interpretation. Fu-
ture research should explore micro-level mecha-
nisms behind compliance-induced innovation, 
including managerial practices and workforce 
strategies that convert regulatory constraints 
into innovation opportunities. Comparative re
search in  non-EU or  emerging-economy con-
texts could test whether similarly asymmetric 
patterns, especially the non-effect of corruption 
on  radical innovation, generalize beyond Eu-
rope. Longitudinal datasets would further allow 
deeper analysis of  how institutional reforms, 
productivity dynamics and leadership diversity 
jointly shape innovation trajectories.
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Introduction
The development of logistics and transportation 
infrastructure plays a  crucial role in  driving re-
gional and national economic growth, particularly 
in an era of continuously expanding international 
trade and transportation. An  efficient logistics 
system is essential for enhancing national com-
petitive advantage in  the  global marketplace 
(Cahyono et  al., 2023). The  development 
of  logistics infrastructure continues to  face 
various limitations and challenges that need 
to  be systematically addressed through com-
prehensive research and planning. In  recent 
years, multiple government agencies in  Thai-
land have conducted studies and developed 
plans to  enhance the  Thai logistics system, 
e.g., Garrow et al. (2021) or Theerathitichaipa 
et  al. (2024). As  these studies have predomi-
nantly concentrated on  international trade as-
pects, they unfortunately lack detailed analysis 
of  domestic transportation and regional con-
siderations (Puchongkawarin &  Ransikarbum, 
2021). Furthermore, there exists inadequate 
integration between policy perspectives and 
practical implementation considerations (Pra-
sittisopin et al., 2024), as well  as  limited con-
sideration of environmental and social impacts 
in  infrastructure development planning (Bui 
&  Nguyen, 2022). This gap in  research high-
lights the need for more comprehensive studies 
that address both international and domestic 
logistics requirements.

The  northeastern region of  Thailand 
presents significant potential for development 
as a  logistics hub due to  its strategic location, 
which enables transportation linkages both do-
mestically and internationally, particularly with 
neighboring countries in  the  Indochina region 
(Dai, 2022). Yet  the development of  container 
yards in this region lacks a systematic and com-
prehensive study on an optimal location selec-
tion. This study aims to  identify suitable areas 
for container yard development along railway 
routes to  enhance logistics management ef-
ficiency at provincial, regional, and international 
levels. Thus, we  suggest a  framework using 
complex quantitative analysis tools and integra-
tion of quantitative and qualitative data to seek 
and prioritize container yard locations and 
associated logistics infrastructure to  support 
economic expansion, distribute development 
opportunities, and improve quality of  life 
in provincial and regional areas. Within the pro-
posed framework we employ a mixed method 

research approach, applying the analytic hier-
archy process (AHP) to analyze and prioritize 
suitable areas. The analysis considers logistics 
advantages, infrastructure readiness, govern-
ment support, railway network capabilities, 
and economic feasibility as  key determining 
factors (Wangai et  al., 2020). The  research 
methodology has been designed to  ensure 
comprehensive evaluation of  all relevant as-
pects while maintaining analytical rigor. It em-
ploys a  comprehensive approach to  location 
analysis that incorporates multiple stakeholder 
perspectives and robust analytical methods. 
This ensures that the selected sites maximize 
economic benefits while minimizing potential 
negative impacts on  local communities and 
the  environment (Abu  Aisha et  al., 2020). 
The  methodology integrates both quantitative 
metrics and qualitative assessments to provide 
a holistic evaluation framework for site selection 
(Khorram, 2020).

The  rest of  this paper in organized as  fol-
lows: in  the  first section, criteria for container 
yard location are identified using a  review 
of  relevant scientific literature; in  the  second 
section, a framework for efficient site selection 
is introduced including required data sources; 
then in  the  third section, the  outputs are pre-
sented for the  Northeastern Thailand region 
and discussed in detail. Finally, in the last sec-
tion, the paper is concluded.

1	 Theoretical background
Multimodal transportation has emerged as 
a  fundamental driving force of  economic de
velopment in  the  modern global economy. 
According to  Kramarz and Przybylska (2021), 
multimodal transport, defined as  the  move-
ment of  goods using two or  more modes 
of  transportation under a  single contract, sig-
nificantly enhances supply chain efficiency. This 
efficiency gain directly contributes to economic 
development through reduced logistics costs 
and improved market access. Bandyopadhyay 
and Bhatnagar (2023) further establish that 
multimodal transportation systems generate 
substantial economies of  scale by  document-
ing a  reduction in  total logistics costs across 
developing economies. The  implementation 
of these systems, as noted by Jiao et al. (2020), 
creates significant multiplier effects through-
out regional economies. Within multimodal 
transportation systems, selecting the  optimal 
position of  logistics hubs using location theory 
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represents a critical task. Location theory has 
evolved significantly in  its application to  com-
petitive trade advantage, with contemporary 
research emphasizing the  dynamic interplay 
between spatial economics and market com-
petitiveness. Li et al. (2020) assert that optimal 
location selection serves as a fundamental de-
terminant of competitive advantage, particularly 
in logistics intensive industries. Building on this 
foundation, Aldrighetti et al. (2021) demonstrate 
that strategic location decisions can reduce 
operational costs while enhancing market 
responsiveness. Herzog (2021) expand this 
perspective by  identifying key location factors, 
including transportation costs, market acces-
sibility, and labor availability, as  critical deter-
minants of competitive success. Their research 
reveals that firms with optimally selected loca-
tions achieve higher operational efficiency com-
pared to  their competitors. Zhou et  al. (2021) 
emphasize the importance of supply chain con-
siderations in  location decisions, demonstrat-
ing that well located facilities can reduce total 
logistics costs. Correia and Melo (2021) further 
establish that optimal location selection signifi-
cantly influences customer response times and 
operational flexibility, with strategically located 
facilities showing faster market response rates 
compared to poorly situated competitors.

The  selection of  optimal locations for 
container yards represents a  critical factor 
in  developing successful logistics networks. 
Recent research by  Kaliszewski et  al. (2020) 
demonstrates that logistics attractiveness 
significantly influences location potential, with 
well positioned container yards showing higher 
operational efficiency. Danyluk (2019) identi-
fies key success factors, including network 
connectivity and infrastructure readiness, 
emphasizing the  importance of  accessibility 
to raw materials and markets. Moskvichev et al. 
(2021) reveal that strategically located con-
tainer yards reduce transportation costs com-
pared to suboptimal locations. De Langen et al. 
(2020) highlight the  significance of  business 
ecosystem development, emphasizing that 
regions with established container yard clusters 
attract more related businesses. Song (2021) 
demonstrates that efficient container storage 
and distribution capabilities can improve supply 
chain performance. Zhou et  al. (2021) con-
clude that successful container yard locations 
require careful consideration of both immediate 
operational needs and long-term development 

potential, with their research showing that com-
prehensive location analysis leads to improved 
long term sustainability metrics. When studying 
the  relevant literature, 5 main criteria for con-
tainer yard location selection were identified 
each consisting of a certain set of sub criteria 
suitable to support decision making about con-
tainer yard location (see Tab. 1).

The relevant literature used in Tab. 1 came 
from a  structured review conducted using 
the  Scopus and Web of  Science databases. 
The search strategy combined keywords relat-
ed to logistics facility location and multi-criteria 
decision-making. The  primary search query 
was (“container yard” OR “dry port” OR “logis-
tics hub” OR  “inland terminal”) AND  (“location 
selection” OR  “site selection”) AND  (“AHP” 
OR  “MCDA” OR  “multi-criteria decision mak-
ing”) AND  (“logistics” OR  “transportation”). 
The  review covered the  period 2019–2024, 
focusing on  recent developments in  logistics 
infrastructure and decision-support methods. 
The  selection process followed three stages 
encompassing an  initial retrieval returning ap-
proximately 120–150  promising articles, then 
a  screening reducing these articles to 60 that 
finally became the subject of full-text analysis.

Besides quite common criteria such as  lo-
gistics suitability or  investment economics that 
are well known, for example from the  local dis-
tribution logistics, this kind of complex decision-
making problem also  requires consideration 
of  government participation or  compliance with 
standards for reducing the environmental impact 
from noise, air and visual pollution. For instance, 
Göçer et al. (2022) demonstrate that regions with 
strong government support in supply chain man-
agement policy develop higher international com-
petitiveness ratings. Xiong et  al. (2020) reveal 
that public-private partnerships backed by  gov-
ernment initiatives achieve better operational 
efficiency compared to  purely private ventures. 
Curry et al. (2021) demonstrate that government 
supported supply chain management innovation 
programs result in  higher technology adoption 
rates. Lo Storto and Evangelista (2023) identify 
government budget allocation as critical for large 
scale infrastructure development. Similarly, Jiang 
et  al. (2021) emphasize environmental impact 
considerations, showing that railway transpor-
tation reduces carbon emissions compared 
to  road transport. Khan et  al. (2022) highlight 
the  importance of  sustainable infrastructure 
development, showing that green logistics 
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initiatives result in  lower operational costs while 
reducing environmental impact.

Based on the  nature of  the  decision-ma
king problem, multi criteria decision analysis 
(MCDA) has emerged as  an  efficient tool 
in optimizing container yard location decisions. 
Belay et al. (2022) emphasize the effectiveness 
of MCDA in evaluating complex factors affect-
ing infrastructure placement, while Pazzini 
et  al. (2022) demonstrate its success in  bal-
ancing quantitative metrics with qualitative 
considerations. Baydaş et al. (2024) show that 

MCDA based decisions result in higher opera-
tional efficiency compared to  traditional single 
criterion approaches. According to Yannis et al. 
(2020), successful MCDA  implementation re-
quires careful consideration of both operational 
metrics and environmental impacts, with their 
study revealing improvement in decision qual-
ity. Furthermore, Abouhawwash and Jameel 
(2023) demonstrate the effectiveness of MCDA 
in evaluating financial feasibility. Within MCDA, 
the AHP serves as a comprehensive multi cri-
teria decision making methodology for complex 

Main criterion i Sub criterion i.j Source

1. Logistics suitability

1.1 Logistics operations attractiveness
Fahim et al., 2022;
Sakai et al., 20201.2 Number of logistics business operations

1.3 Storage and distribution efficiency

2. Infrastructure

2.1 Labor infrastructure

Fahim et al., 2022;
Tadić et al., 2020

2.2 Cargo transportation infrastructure

2.3 Sustainable infrastructure development

3. Government support
3.1 Logistics system development policy Kaliszewski et al., 

2020;
Liu et al., 20213.2 Investment support budget

4. Railway network

4.1 Future railway network connectivity potential

Fahim et al., 2022;
Khaslavskaya & Roso, 

2020;
Tadić et al., 2020;
Ulutaş et al., 2020

4.2 Railway development capability

4.3 Existing equipment utilization capability

4.4 Existing railway network accessibility

4.5 �Utility infrastructure potential of candidate 
and adjacent areas

4.6 �Environmental impact  
(noise/air/visual pollution)

5. Investment economics

5.1 Land acquisition feasibility

Kaliszewski et al., 
2020;

Tadić et al., 2020

5.2 Future development plan integration

5.3 Investment return potential
5.4 Regional value creation potential

Source: own processing based on a systematic literature review

Tab. 1: Identified criteria for container yard location selection
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problem analysis. Kayikci (2021) demonstrate 
the  effectiveness of  following the  AHP in  lo-
gistics infrastructure planning, while Tavana 
et  al. (2023) highlight its success in  reducing 
decision bias. Despite extensive research 
on  multimodal transportation and the  selec-
tion of  container yard locations, substantial 
deficiencies persist in  addressing the  integra-
tion of  dynamic economic, technological, and 
policy-related factors. Current models pre-
dominantly depend on  static decision-making 
frameworks, neglecting time-sensitive variables 
such as  variations in  land values, progress 
in  transportation technology, and changing 
government rules that affect long-term viability. 
Furthermore, there is a paucity of research on 
the  interaction between infrastructure expan-
sion and state-sponsored incentives, which 
are essential for the smooth operation of mul-
timodal logistics networks. Although elements 
like digital infrastructure, automation in  freight 
movement, and environmental sustainability 
are gaining prominence in  logistics research, 
there is an  absence of  recognized criteria for 
assessing their long-term effects on  container 

yard site selection. A  comprehensive strategy 
that incorporates spatial analytics, economic 
forecasting, and adaptive modelling meth-
odologies is crucial to  accurately represent 
the  complexities of  multimodal freight opera-
tions in Northeastern Thailand.

2	 Research methodology
The goal of this research is to locate the most 
suitable site for container yard area development 
serving multimodal railway links in Northeastern 
Thailand. The study area contains 18 possible 
strategic railway stations (see  Tab.  2) spread 
in the territory as shown in Fig. 1.

The research used a comprehensive meth-
odological framework incorporating criteria for 
container yard location selection derived from 
analysis of the relevant literature (i.e., Tab. 1), 
AHP execution to assess the importance of cri-
teria, Z-score modeling to enhance location op-
timization analysis, and geographic information 
system (GIS) analysis to further ensure the com-
prehensive evaluation of promising locations. 

In the  AHP  methodology, three standard-
ized key steps were followed including:

Fig. 1: Study area map of railway stations in Northeastern Thailand with potential 
container yard development sites

Source: own processing based on data from Department of Rail Transport of Thailand
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Step 1: Hierarchy construction  
and AHP data collection
The decision problem was structured into a hier-
archy, starting with the goal at the top (i.e., to se-
lect the  optimal location for a  container yard 
in Northeastern Thailand), followed by the main 
and sub criteria derived from the literature review 
(see Tab. 1) then evaluation of alternative sites 
at  the bottom level (see Tab. 2). Pairwise com-
parisons of main and sub criteria were performed 
with respect to  their importance to  elements 
at higher level. These comparisons use Saaty’s 
fundamental scale ranging from  1 to  9, where 
1 indicates equal importance, 3 indicates moder-
ate importance, 5  indicates strong importance, 
7  indicates very strong importance, 9  indicates 
extreme importance, and 2, 4, 6, 8 represent inter-
mediate values. The principal primary AHP data 
collection comprised stakeholder interviews and 
responses to  an AHP  questionnaire from three 
essential groups including government agencies, 
relevant transportation associations, and logistics 
related business organizations. Experts were 

selected using purposive sampling to ensure both 
expertise and representation across key stake-
holder groups. Selection criteria included senior-
ity, institutional relevance, and having a  direct 
involvement in logistics or infrastructure planning. 
More specifically, seniority refers to positions with 
decision-making authority (e.g., directors, senior 
managers, committee members); institutional rel-
evance refers to  organizations directly involved 
in  logistics, transport infrastructure, or  related 
policy domains; and direct involvement refers 
to  practical experience in  logistics operations, 
infrastructure planning, or  policy implementa-
tion. These criteria were evaluated using 
publicly available professional information and 
organizational roles rather than a formal quan-
titative scoring system. Initially, a broader pool 
of 45 candidates was identified, and contacted, 
of which 20 agreed to participate and complete 
the full pairwise comparison process, resulting 
in a response rate of approximately 44%. This 
level of participation is considered adequate for 
AHP-based studies, where the quality of expert 

Station k Station name Province
1 Maha Sarakham Maha Sarakham

2 Roi Et Roi Et

3 Phon Thong Roi Et

4 Saphan Mittraphap Mukdahan

5 Non-Sa-ard Udon Thani

6 Ban Takho Buriram

7 Buri Ruea Surin

8 Nong Waeng Sisaket

9 Bung Wai Ubon Ratchathani

10 Amnat Charoen Amnat Charoen

11 Nong Takai Udon Thani

12 Bua Yai Junction Nakhon Ratchasima

13 Kut Chik Junction Nakhon Ratchasima

14 Chana Chira Junction Nakhon Ratchasima

15 Ban Koh Nakhon Ratchasima

16 Nata Nong Khai

17 Ban Kradone Nakhon Ratchasima

18 Udon Thani Udon Thani

Source: own

Tab. 2: Railway stations for the location of the container yard area
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judgment is prioritized over large sample sizes 
(Xu et al., 2022). The affiliations and roles of ex-
perts participating in  AHP  data collection are 
described in Tab. 3.

The  interviews were performed through 
online meetings to  accommodate senior ex-
ecutives from pertinent firms, while quantitative 
data was gathered using Google Forms, where 

experts assigned grades based on defined cri-
teria. The data gathering period extended from 
October 2023 to May 2024.

Step 2: Calculation of priority vector and 
relative weights of criteria
Based on elements aij in a pairwise comparison 
matrix A (see Equation (1)), a priority vector (cij) 

Person Affiliation Role

1 Thai Chamber of Commerce and 
Board of Trade of Thailand

Vice Chairman of the Logistics and Supply Chain 
Committee

2 Senior Economic Structure Officer

3
The Federation of Thai Industries Members of the Logistics and Supply Chain 

Subcommittee4

5 The Thai National Shippers’ 
Council

Vice President of the Thai National Shippers’ 
Council

6 Logistics Analyst

7

Import and Export Freight 
Transport Association

President of the Import and Export Freight 
Transport Association

8 Vice President of the Import and Export Freight 
Transport Association

9 Deputy President of the Thai Transport and 
Logistics Association

10

Trade Associations for Agricultural 
and Industrial Products

Vice President of the Thai Rice Exporters 
Association

11 Board Member of the Thai Rubber Association

12 President of the Thai Pulp and Paper Industries 
Association

13 President of the Thai Tapioca Products Factory 
Association

14 Thai Airfreight Forwarders 
Association (TAFA) Vice President of TAFA

15

Port and Industrial Estate 
Authorities

Director of the Planning Division at Laem 
Chabang Port

16 Assistant Director of Technical Affairs at Map Ta 
Phut Industrial Port

17 Director of Songkhla and Phuket Deep Sea Ports

18 Head of Container Operations at Songkhla Deep 
Sea Port

19 Vice Chairman of the Logistics & Supply Chain 
Committee of Udon Thani Industrial Estate

20 Freight Operations Officer Level 10, Single Rail 
Transfer Operator Project, Laem Chabang Port

Source: own

Tab. 3: Affiliations and roles of experts participating in AHP data collection
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and strategic plans. These include the National 
Strategic Plan (2018–2037) Infrastructure, 
Logistics and Digital Systems Master Plan (Is-
sue 7); the Thai Logistics System Development 
Strategy (Phase 3, 2017–2021); a Government 
Policy Statement to Parliament (July 25, 2019); 
the  50-Year National Spatial Development 
Policy Plan (2057) with its 5, 10, and 15-year 
strategic roadmaps; the 20-Year Strategic Plan 
of the State Railway of Thailand for Economic 
Corridors Development under the  Greater 
Mekong Sub region; and the Economic Coop-
eration Program and the  Pan Asian Railway 
Network (Singapore-Kunming Rail Link). This 
research also  incorporates insights from his-
torical development studies, including various 
OTP  reports such as  the  2006 Multimodal 

Transportation and Logistics Management 
System Development Study, the  2006 Thai 
Cross-border Cargo Transportation Potential 
Development Study, the  2012 Logistics Value 
Chain Development Study for North-South and 
East-West Economic Corridors, the 2013 Multi-
modal Transportation Efficiency Enhancement 
Study, the Spur Lines Study issued by the State 
Railway of  Thailand, and the  2018 Dry Port 
Development Master Plan Study, along with 
the 2017–2022 budget plan. Data sources used 
to evaluate each sub criterion are summarized 
in Tab. 5.

Step 2:
Composite weighted Z-score (CWZk) calculation 
(see Equation (7)) aggregating the contributions 

is calculated using Equation (2) and the relative 
weight of each criterion (wi) is calculated using 
Equation (3):

	

(1)

	
(2)

	
(3)

Step 3: Consistency check
The  consistency of  judgments was veri-
fied using the  consistency ratio (CR) based 
on Equation (4):

	
(4)

where: RI  represents the randomness index 
and CI  represents the consistency index that 
can be calculated using Equation (5): 

	
(5)

where: λmax represents principal eigenvalue and 
n  represents the  pairwise comparison matrix 
size. RI values are summarized in Tab. 4.

A consistency ratio value ≤ 0.1 indicates ac-
ceptable consistency in the judgments.

Based on  Bhuvaneskumar et  al. (2023), 
in the Z-score the modelling steps are followed, 
including:

Step 1:
Z-score calculation (Zk,j) for a  kth  station and 
a jth criterion using Equation (6):

	
(6)

where: Xk,j represents raw value of station k for 
criterion  j; μj  represents mean of  the  values 
of all stations for criterion  j; and σj  represents 
standard deviation of the values for criterion j.

Sub criteria were derived from secondary 
data analysis of  several key national policies 

n
1 2 3 4 5 6 7 8 9 10

RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49

Source: Jonuzi et al. (2024)

Tab. 4: RI values
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of all criteria, weighted according to  their AHP 
derived importance:

	
(7)

where: wj = wi ∙ wi.j represents AHP weight of cri-
terion j and m is the total number of criteria con-
sidered. 

For  promising yard locations, composite 
weighted Z-score calculations were further 
complemented by  sensitivity analysis for the 
main criteria weights involving adjustments 
of these weights to ±10% and ±20% tolerance. 
Larger variations of  weights were excluded 
to preserve the practical relevance of the analy-
sis and ensure that the  weight shifts remained 
within reasonable expert-judgment limits (Baydaş 
et al., 2024).

Sub criterion i.j Used data sources to evaluate sub criterion

1.1
Provincial and regional development indicators including economic and 
prosperity metrics

1.2
Data on small, medium, and large private trucking operators registered 
in candidate locations

1.3 Port area storage efficiency data, including warehouse storage and destination 
delivery performance

2.1 Thai and foreign workforce statistics in candidate locations

2.2
Highway networks, railway networks, and airport infrastructure capable 
of supporting regional traffic, assessed by network density relative to total 
provincial area

2.3
Development trends for nonpolluting and environmentally sustainable 
infrastructure, including renewable energy use, wastewater management, and 
waste reduction in ports

3.1 Strategic plans or projects focused on logistics development in candidate locations

3.2
Budget allocation for investment and annual budget expenditure for provinces 
and regions

4.1 Strategic plans or projects focused on future railway system development

4.2 Candidate location capability level for future railway system development

4.3 Candidate location capability level for existing equipment utilization

4.4
Candidate location capability level for connecting to existing railway networks and 
future railway network development plans

4.5
Candidate location capability level for utilizing public utility resources in candidate 
and adjacent areas

4.6 Level of various environmental impacts

5.1 Feasibility of land acquisition

5.2 Alignment with national and railway development plans

5.3 Potential for investment cost recovery

5.4 Potential for creating added value for the region through selected location 
utilization

Source: own

Tab. 5: Used data sources to evaluate each sub criterion
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The GIS analysis incorporated an examina-
tion of  infrastructure and economic activity for 
promising yard locations indicated by the AHP 
including railway, road, industrial facility, and 
warehouse density evaluation within a 50-kilo-
meter radius around promising container yard 
locations. The data and satellite imagery were 
collected from OpenStreetMap as well as from 
Thai National Spatial Data Infrastructure pro-
vided by the Department of Highways, the De-
partment of  Rail Transport, and the  National 
Statistical Office of  Thailand, then processed 
using ArcGIS software, developed by  Esri, 
and an open-source mapping program, QGIS, 
to  obtain road and railway densities. Using 
industrial company registration data retrieved 
from the  Ministry of  Industry, warehouse and 
industrial clustering were identified with help 
of  Kernel Density Estimation. The  data col-
lection and processing steps were carried out 
between October 2023 and May 2024. Fur-
thermore, an overlay analysis for site suitability 
assessment was performed, which considered 
average slope and land use patterns to avoid 
the yard to be potentially located, for example 
in densely populated areas or agricultural land. 
Based on Equation (8), the average slope was 
derived through spatial modeling analysis utiliz-
ing digital elevation model (DEM):

	
(8)

where: Δh represents the  elevation difference 
and Δd denotes the horizontal distance.

The DEM data were obtained from the Thai 
Geo-Informatics and Space Technology Deve
lopment Agency and the Shuttle Radar Topogra-
phy Mission operated by NASA, which provide 
high spatial resolution. Similarly, land use data 
were classified using Sentinel-2 and Landsat-8 
satellite imagery, applying supervised classifi-
cation techniques, such as  random forest and 
maximum likelihood classification, to categorize 
land into industrial zones, agricultural lands, 
and community areas. 

Based on Equation  (9), the industrial area 
was calculated as:

	
(9)

Based on  Equation  (10), the  agricultural 
area was computed using land classification 

maps, specifically for regions identified as 
agricultural zones:

	(10)

Based on  Equation  (11), the community 
area was calculated as:

	(11)

As in case of economic activity assessment 
of promising locations, the overlay analysis for 
suitability assessment was conducted in  Arc-
GIS and QGIS software within  the  same time 
frame. Finally, based on  the methodology de-
scribed by Chang et al. (2017), a hot spot anal-
ysis of  investment value and average freight 
volume, by employing Getis-Ord Gi* statistics, 
was carried out, revealing significant clustering 
of  logistics operations within a  50-kilometer 
radius of promising yard locations.

3	 Results and discussion
In  Tab.  6, the  main and sub criteria weights 
coming from AHP methodology, steps 1 and 2 
are summarized.

It  can be seen in Tab. 6 that among main 
criteria, investment economics emerged as the 
most heavily weighted criterion (32.5%) indicat-
ing that stakeholders view return on  invest-
ment, long term financial sustainability, and 
regional value creation as critical determinants 
of  infrastructure development. This aligns with 
conclusions drawn by Kaliszewski et al. (2020) 
and Correia and Melo (2021), who assert that 
profitability often trumps even technical feasibil-
ity in logistics planning. Within investment eco-
nomics, the  regional value creation potential 
(36.4%) is perceived as most impactful that, for 
example taken together with a  preference for 
sustainable infrastructure development (54.5%) 
under the infrastructure criterion, reflects a shift 
in  thinking of decision makers who are clearly 
looking beyond short-term cost benefit analyses 
and more towards longer term systemic bene-
fits. This concurs with previous findings summa-
rized for example in Khan et al. (2022) or Göçer 
et al. (2022). Investment economics is followed 
by the  government support criterion (22.5%) 
indicating that government support and policy 
alignment play crucial roles in location optimiza-
tion, confirming the findings of Li et al. (2023) 
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on the importance of public sector involvement 
in logistics infrastructure development.

Rather than relying solely on  algorith-
mic weighting, responses from 20 experts 
across government agencies, industry asso-
ciations, and logistics firms were incorporated 
within  the  AHP  methodology. This diversity 
in viewpoints helps balance the theoretical with 
the practical. However, it also requires evalua-
tion of judgment consistency using consistency 
ratios. These ratios are summarized in Tab. 7.

As all consistency ratios in Tab. 7 are ≤ 0.1 
this indicates acceptable consistency in  the 
judgments further supporting the  reliability of 
the findings and confirming that judgments are 
internally coherent.

To translate qualitative assessments into 
actionable rankings, AHP weights from Tab. 6 
were integrated with Z-score normalization 
across 18  railway stations returning rankings 
based on the  composite weighted Z-score. 

The  Z-score normalized values for each sub 
criterion applied by the secondary data analysis 
that encompass several key national policies 
and strategic plans are summarized in Tab. 8.

Then, the  composite weighted Z-scores 
for all assessed stations are shown in Tab. 9, 
in descending order.

The  results in  Tab.  9 predicts Nata Sta-
tion in  Nong Khai province, with a  composite 
weighted Z-score equal to  0.8775, to  signifi-
cantly outperform all other candidates. Stations 
at Bua Yai Junction and Kut Chik Junction, both 
located in Nakhon Ratchasima province, follow 
with identical composite weighted Z-scores 
of 0.5203. All top 3 rankings belong to the major 
railway corridor intersecting the surveyed area 
from south to north. While stations at Bua Yai 
Junction and Kut Chik Junction are located more 
inland of the studied area, the proximity of Nata 
Station to  the  Thai-Laos border, at  8.5  km, 
positions it advantageously for international 

Main criterion i wi (%) Sub criterion i.j wi.j (%)

1 13.5

1.1 33.1

1.2 25.3

1.3 41.6

2 14.6

2.1 17.3

2.2 28.2

2.3 54.5

3 22.5
3.1 32.3

3.2 67.7

4 16.9

4.1 7.4

4.2 14.0

4.3 7.8

4.4 17.6

4.5 36.9

4.6 16.3

5 32.5

5.1 20.5

5.2 21.7

5.3 21.4

5.4 36.4

Source: own

Tab. 6: Main and sub criteria weights
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Person i 1.j 2.j 3.j 4.j 5.j
1 0.050 0.053 0.057 0.051 0.051 0.046

2 0.060 0.065 0.062 0.046 0.049 0.061

3 0.050 0.060 0.050 0.048 0.048 0.066

4 0.050 0.069 0.049 0.059 0.046 0.045

5 0.060 0.069 0.057 0.068 0.063 0.055

6 0.050 0.064 0.045 0.050 0.051 0.059

7 0.050 0.065 0.055 0.059 0.048 0.046

8 0.060 0.063 0.048 0.069 0.055 0.062

9 0.050 0.045 0.054 0.068 0.058 0.048

10 0.060 0.065 0.056 0.065 0.058 0.068

11 0.060 0.063 0.046 0.067 0.048 0.051

12 0.050 0.053 0.045 0.054 0.060 0.049

13 0.050 0.046 0.061 0.049 0.056 0.048

14 0.060 0.063 0.064 0.066 0.046 0.046

15 0.050 0.045 0.062 0.045 0.069 0.047

16 0.060 0.065 0.050 0.063 0.051 0.068

17 0.060 0.047 0.053 0.061 0.061 0.055

18 0.060 0.063 0.053 0.054 0.053 0.058

19 0.050 0.061 0.066 0.048 0.048 0.045

20 0.060 0.062 0.048 0.068 0.067 0.057

Source: own

ki
ij

1 2 3 4 5

1.1 1.2 1.3 2.1 2.2 3.1 3.2 3.3 4.1 4.2 4.3 4.4 4.5 4.6 5.1 5.2 5.3 5.4

1 −0.7 0.1 −0.9 1.4 −0.5 −0.2 0.9 −0.8 −0.7 −0.4 −0.5 −0.5 −0.5 −0.8 0.7 −0.2 −0.7 1.0

2 −0.2 0.5 −0.6 1.4 −0.5 0.2 0.9 −1.1 −0.5 −0.4 0.0 0.0 −0.5 −0.2 0.7 0.1 −0.6 0.1

3 −0.2 0.5 −0.6 1.4 −0.5 0.2 −0.1 −1.1 −0.5 −0.4 0.0 0.0 −0.5 −0.2 0.7 0.1 −0.6 0.1

4 −0.9 −0.8 −1.4 1.4 −0.9 −1.2 0.9 0.8 −1.0 −0.4 −1.0 −1.0 −0.6 −0.8 0.7 −1.1 −0.9 0.9

5 0.3 0.7 −0.3 −0.2 −0.1 0.6 0.4 −2.1 −0.1 0.1 0.3 0.3 −0.4 0.3 −1.0 0.9 0.6 0.8

6 −0.2 1.1 −0.4 −0.2 0.0 0.5 0.4 0.7 −0.4 −0.4 0.2 0.2 −0.5 0.1 −1.0 1.3 −0.1 −0.8

7 −1.3 0.6 −0.4 −0.2 −0.2 0.2 0.9 −0.9 −0.5 −0.4 0.0 0.0 −0.5 −0.1 −1.0 0.8 −0.5 −1.4

8 −0.8 0.4 −0.7 −0.2 −0.9 0.1 0.9 0.8 −0.5 −0.4 −0.2 −0.2 −0.5 −0.2 −1.0 −1.0 −0.5 1.2

9 −1.4 0.9 0.3 −0.2 −0.2 1.4 0.9 0.1 0.0 −0.1 1.1 1.1 −0.4 0.5 −1.0 0.6 0.4 −0.4

10 −0.1 −0.8 −1.6 −1.7 −1.4 −1.3 0.4 1.3 −1.1 −0.4 −1.3 −1.3 −0.6 −0.9 −2.7 −2.3 −0.6 1.1

Tab. 7: Consistency of judgments based on consistency ratios

Tab. 8: Z-score values (Zk,j) – Part 1
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trade confirming the findings of Wei and Dong 
(2019) on  cross border logistics optimization. 
Top 3 rankings representing the most promising 

yard locations were further investigated using 
sensitivity analysis (see Figs. 2–4), GIS analy-
sis incorporating the evaluation of infrastructure 

ki
ij

1 2 3 4 5

1.1 1.2 1.3 2.1 2.2 3.1 3.2 3.3 4.1 4.2 4.3 4.4 4.5 4.6 5.1 5.2 5.3 5.4

11 0.4 −0.2 −1.6 −0.2 −0.1 −0.3 1.1 −2.1 −0.6 0.0 0.3 0.3 −0.4 0.3 −0.6 −0.1 0.6 0.8

12 −1.1 1.8 1.3 −0.2 0.3 1.5 1.1 0.7 0.4 −0.5 2.4 2.4 0.4 2.8 −0.6 0.4 2.8 −1.1

13 −1.1 1.8 1.3 −0.2 0.3 1.5 1.1 0.7 0.4 −0.5 2.4 2.4 0.4 2.8 −0.6 0.4 2.8 −1.1

14 −1.1 1.8 1.3 −1.7 0.3 1.5 −2.1 0.7 0.4 −0.5 2.4 2.4 0.4 2.8 −2.6 0.4 2.8 −1.1

15 −1.1 1.8 1.3 −1.7 0.3 1.5 0.4 0.7 0.4 −0.5 2.4 2.4 0.4 2.8 −2.6 0.4 2.8 −1.1

16 0.5 −0.9 1.0 1.4 3.6 −1.4 1.1 0.6 −1.0 −0.5 −1.0 −1.0 −0.6 −0.6 1.4 4.2 0.1 −1.4

17 −1.1 1.8 1.3 −0.2 0.3 1.5 −0.8 0.7 0.4 −0.5 2.4 2.4 0.4 2.8 −0.6 0.4 2.8 −1.1

18 0.4 −0.2 −0.3 −0.2 −0.1 −0.3 −1.5 −2.1 −0.6 0.0 0.3 0.3 −0.4 0.3 −0.6 −0.1 0.6 0.8

Source: own

Rank Station Composite weighted Z-score
1 Nata 0.8775

2 Bua Yai Junction 0.5203

3 Kut Chik Junction 0.5203

4 Ban Kradone 0.4423

5 Ban Koh 0.2503

6 Chana Chira Junction 0.1462

7 Bung Wai 0.0042

8 Non Sa-ard −0.0107

9 Ban Takho −0.0231

10 Roi Et −0.0660

11 Maha Sarakham −0.0819

12 Phon Thong −0.1080

13 Nong Takai −0.1569

14 Udon Thani −0.1893

15 Nong Waeng −0.1989

16 Saphan Mittraphap 2 −0.2141

17 Buri Ruea −0.3885

18 Amnat Charoen −0.7565

Source: own

Tab. 8: Z-score values (Zk,j) – Part 2

Tab. 9: Station rankings based on the composite weighted Z-score (CWZk )



1692026, volume 29, issue 2, pp. 156–176, DOI: 10.15240/tul/001/2026-2-011

Business Administration and Management

and economic activity (see  Tab.  10), overlay 
analysis (see  Tab.  11) and hot spot analysis 
of logistics operations clustering (see Fig. 5).

Fig.  2 depicts the  sensitivity analysis for 
Nata Station, which achieved the  highest 
ranking in the basic scenario with a composite 
weighted Z-score of  0.8775. Upon increasing 
the weight of the Investment Economics criteri-
on, the predominant element at 32.5%, by 10%, 
the Z-score ascended to 0.9312. An additional 
20%  augmentation in  the  weight of  this crite-
rion raised the  Z-score to  0.9760, solidifying 
the leading position of Nata Station. In contrast, 
a 10% reduction in  the  investment economics 
weight resulted in  a  modest decrease of  the 
Z-score to  0.8213, while a  20%  reduction led 
to  a  decline to  0.7658. Notwithstanding these 
reductions, Nata Station retained its position 
as  the premier destination, illustrating its con-
siderable resilience and strategic significance 
across diverse weight scenarios. For additional 
criteria, including Government Support and 
Railway Network, modifications in  weights 
produced minimal effects, with Z-score swings 
within a  ±0.03  range. This indicates that 

although these elements enhance overall suit-
ability, the  primary determinants for this site 
are investment possibility and regional value 
creation. The  results correspond to  the  find-
ings of  Kaliszewski et  al. (2020) and Correia 
and Melo (2021), who emphasize the  prece-
dence of  economic viability in  infrastructure 
siting decisions.

Fig. 3 shows the sensitivity analysis for Bua 
Yai Junction Station.

Bua Yai Junction Station, which attained 
a  second-place ranking with a  base Z-score 
of  0.5203, exhibited substantial variability 
according to  sensitivity analysis. A  10%  aug-
mentation in  the  Railway Network criterion 
(16.9%  baseline weight) elevated the  Z-score 
to 0.5586, whilst a 20% augmentation boosted 
it  to  0.5922. A  10%  reduction in  this criterion 
resulted in  a  Z-score of  0.4867, while a  20% 
decline yielded a Z-score of 0.4531. The altera-
tions suggest that the rating of Bua Yai Junction 
Station is influenced by railway connectivity and 
accessibility factors, thereby corroborating pre-
vious studies by Fahim et al. (2022) and Ulutaş 
et  al. (2020), which highlight the  strategic 

Fig. 2: Sensitivity analysis outputs for Nata Station

Source: own
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significance of  railway infrastructure in  mul-
timodal transport integration. Nevertheless, 
the augmentation of the Investment Economics 
weight resulted in  just a  marginal enhance-
ment of the Z-score for the station from 0.5203 
to  0.5427, indicating that the  its fundamental 
advantage is in  transport connection rather 
than investment-driven potential. 

Finally, Fig.  4 summarizes the  outputs 
of the sensitivity analysis for Kut Chik Junction 
Station.

Kut Chik Junction Station, sharing second 
place with Bua Yai Junction Station (base 
Z-score  0.5203), exhibited analogous tenden-
cies in  response to weight change. A 10%  in-
crease in  the  Government Support criterion 
elevated its  Z-score to  0.5539, while a  20% 
increase resulted in  a  Z-score of  0.5865. 
Reducing the  same criterion by  10% or  20% 
resulted in Z-score drops to 0.4916 and 0.4628, 
respectively. Notably, modifications to  the  in-
frastructure weight had negligible effects (less 
than ±0.02), suggesting that although infra-
structure holds significance, it  is not the main 
differentiator for Kut Chik Junction Station. This 
underscores that the alignment of public policy 
and financial backing are essential for realizing 

the  complete potential of  the  site, as  shown 
by Liu et al. (2021) and Göçer et al. (2022).

Tab.  10 shows the  infrastructure and eco-
nomic activity in promising locations as densi-
ties of  the  following resources: road, railway, 
industrial facility, and warehouse.

In all resources stated in Tab. 10, Nata Sta-
tion outperforms the stations located at Bua Yai 
Junction and Kut Chik Junction. It has the high-
est road and railway densities of 0.85 km/km² 
and 0.32 km/km², respectively enhancing mul-
timodal transport integration and accessibility, 
which are key advantages in  container yard 
operations as  other scholars have concluded, 
for example in  Moskvichev et  al. (2021). Fur-
thermore, as summarized in Tab. 11, Nata Sta-
tion also has the  best physical suitability with 
the  greatest industrial land share (i.e.,  68%) 
and the lowest agricultural use (i.e., 8%).

Combined with a  gentle average slope 
of  just  2.3%, the  area is both amenable 
to  construction and minimally disruptive. 
These are exactly the kind of terrain and land 
use dynamics emphasized by Herzog (2021), 
who  underscores the  importance of  practical 
geography in the deployment of infrastructure. 
Spatial clustering analysis using Getis-Ord Gi* 

Fig. 3: Sensitivity analysis outputs for Bua Yai Junction Station

Source: own
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Fig. 4: Sensitivity analysis outputs for Kut Chik Junction Station

Source: own

Station
Density

Road (km/km2) Railway (km/km2) Industrial facility 
(facilities/km2)

Warehouse  
(facilities/km2)

Nata 0.85 0.32 2.8 1.5

Bua Yai Junction 0.78 0.28 2.3 1.2

Kut Chic Junction 0.72 0.25 2.1 1.1

Source: own

Tab. 10: Infrastructure and economic activity in promising locations

Factor
Station

Nata Bua Yai Junction Kut Chik Junction
Average slope (%) 2.3 3.1 3.5

Industrial area (%) 68 55 52

Community area (%) 12 15 18

Agricultural area (%) 8 12 15

Source: own

Tab. 11: Overlay analysis of promising locations
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statistics (see  Fig.  5) offers a  final layer 
of insight.

The concentration of 245 logistics operators 
within  the  50km radius around Nata Station, 
with total investments of 8,762 million Thai baht 
demonstrates not only its strategic potential but 
also its status, in terms of functional character-
istics, as an existing logistics hub, surrounded 
by  dense industrial and warehousing activ-
ity. This pre-existing ecosystem strengthens 
the  business case for investment, mirroring 
the arguments of De Langen et al. (2020), who 
emphasize the  pull effect of  logistics clusters 
in attracting capital and ancillary industries.

Conclusions
This study examined the  optimal location for 
container yard development in  Northeastern 
Thailand to  enhance multimodal transport 
connectivity and strengthen national competi-
tiveness in  regional and global trade. Utilizing 
an AHP and GIS based framework, the  study 

evaluated 18 railway stations based on five key 
factors: logistics suitability (13.5%), infrastruc-
ture readiness (14.6%), government support 
(22.5%), railway network capabilities (16.9%), 
and investment economics (32.5%). The  find-
ings identified Nata Station in Nong Khai Prov-
ince as  the  most strategically advantageous 
location, with the  highest composite weighted 
Z-score of 0.8775. The station features a road 
network density of 0.85 km per square kilometer 
and a railway density of 0.32 km per square ki-
lometer, facilitating efficient cross border freight 
transportation. The  establishment of  a  con-
tainer yard in  this optimal location is expected 
to reduce logistics costs, improve supply chain 
efficiency, and enhance cross border trade, par-
ticularly with member states of the Association 
of South East Asian Nations (ASEAN) trading 
bloc and China. This development reinforces 
the role of Thailand as a regional logistics hub, 
fostering industrial expansion and economic in-
tegration. Among all sub-criteria, three emerged 

Fig. 5: Hot spot analysis of logistics operations clustering around promising locations

Source: own
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as the most influential drivers of the final ranking: 
(1) regional value creation potential (5.4, com-
posite weight  11.83%), reflecting the  strategic 
importance of  long-term economic benefits 
for the  surrounding region; (2)  investment re-
turn potential (5.3,  composite weight  6.96%), 
highlighting the  primacy of  financial viability 
in  infrastructure decision-making; and (3) sus-
tainable infrastructure development (2.3, com-
posite weight 7.96%), underscoring the growing 
emphasis on environmental responsibility in lo-
gistics planning. These findings are particularly 
significant in the context of developing regional 
logistics resources in  Northeastern Thailand. 
The top-ranked location, Nata Station in Nong 
Khai Province, benefits directly from its position 
on the Trans-Asian Railway corridor and proxim-
ity to the Laos-China Railway link, reinforcing its 
role as a gateway to regional economic corridors 
including the Greater Mekong Subregion Eco-
nomic Cooperation Program and the Pan-Asian 
Railway Network. The  strategic concentration 
of  investment potential at  this location directly 
supports the national logistics competitiveness 
of Thailand by reducing supply-chain costs and 
improving multimodal transport connectivity 
with ASEAN and Chinese markets. In addition, 
based on  analysis by the  Bank of  Thailand 
(2025), Nong Khai province has exhibited rela-
tively modest and fluctuating economic growth 
compared to  the  national average, with GRP 
growth reported at  approximately 0.7%–1.7% 
in  2024 and 1.2%–2.2% in  2025. This trend 
reflects the structural characteristics of  the re-
gion, including a strong dependence on agricul-
ture, relatively low industrial concentration, and 
weaker household purchasing power, which 
contribute to  ongoing regional disparities and 
labor migration trends. Therefore, infrastructure 
investment at Nata Station can support regional 
development by  attracting logistics activities, 
creating jobs, and reducing migration pres-
sures. Government support plays an important 
role in  enabling such  development through 
policy alignment and investment incentives. 

The  findings of  this study carry direct 
implications for logistics infrastructure policy 
in  Thailand. The  identification of  Nata Sta-
tion as  the  optimal container yard location 
provides an  evidence-based recommendation 
for the  State Railway of  Thailand, the  Office 
of  Transport and Traffic Policy and Planning, 
and private investors considering multimodal 
freight infrastructure in the northeastern region. 

The AHP-GIS framework developed here can 
be readily adapted for similar site-selection 
tasks in other Thai regions or comparable de-
veloping economies. Policymakers should pri-
oritize investment incentives, land-use zoning, 
and railway capacity upgrades at  and around 
Nata Station to accelerate the realization of its 
regional value creation potential. The  study 
also  underscores that government support 
and cross-border connectivity are critical en-
ablers of  national logistics competitiveness, 
reinforcing the case for continued public-private 
partnership in  multimodal transport corridor 
development.

While the AHP and GIS based framework 
proposed in  this work provides a  strategic tool 
for policymakers and private sector stakeholders 
to leverage logistics infrastructure and strengthen 
long term competitiveness in global trade, it has 
several limitations that should be acknowledged. 
First, AHP relies on expert judgment, which is in-
herently subjective; although consistency ratios 
confirmed the reliability of responses, the results 
may vary with different expert panels. Second, 
the  Z-score normalization approach assumes 
linear relationships between criteria scores and 
overall suitability, which may not fully capture 
non-linear trade-offs. Third, the secondary data 
used for sub-criterion evaluation reflects condi-
tions at the time of data collection (2023–2024) 
and may not account for future infrastructure 
changes or policy shifts. Fourth, the GIS overlay 
analysis is limited by the resolution of available 
satellite imagery and administrative data.

Future development of  the  proposed stra-
tegic tool should consider integrating dynamic 
decision-making frameworks that account for 
time-sensitive variables such as  land value 
fluctuations, evolving transport technology, 
and regulatory change. The  analytic network 
process could be applied where interdepen-
dencies among criteria are complex. Fuzzy 
logic extensions to AHP may improve robust-
ness when dealing with qualitative expert data. 
Additionally, simulation-based optimization and 
multi-objective modeling could complement 
the  present framework by  optimizing yard 
layout, storage configuration, and operational 
resource allocation at the selected site.
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Introduction
The asset’s market liquidity indicates the ability 
of investors to buy and sell substantial amounts 
of  assets quickly, at  low cost, and without 

significant price concessions. Amihud et  al. 
(2006) stated that stock market liquidity indi-
cates the existence of willing buyers and sell-
ers who agree to  exchange a  certain amount 
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of securities at  the specified price without any 
delay. As  a  fundamental market feature, its 
presence secures the smooth functioning of the 
market and its absence creates unrest in  it. 
Stock liquidity is closely related to market rec-
ognition and largely reflects how corporate de-
cisions and activities are evaluated by market 
actors. Therefore, companies’ business mis-
sions, principles, and values are represented 
by stock market liquidity to a great extent, and 
environmental, social and governance (ESG) 
philosophy is no exception.

Global warming and climate change have 
revealed the importance of developing environ-
mental protection awareness, and in this regard, 
the  roles and responsibilities of  companies 
have begun to be discussed. Today, corporate 
information on  issues related to  greenhouse 
gas emissions, energy and water consumption, 
recycling or disposal of waste materials, and ac-
tions of the companies to decrease the negative 
effects of  their activities on nature are of  fore-
most significance. In  addition, companies are 
expected to attach utmost importance to issues 
related to  human rights and gender equality, 
take part in social responsibility activities, and 
always prioritize transparency and accountabil-
ity in corporate governance processes.

ESG is a non-financial business evaluation 
system focusing on environmental, social, and 
governance performance, and aims to measure 
the sustainable development ability of firms and 
determine whether they have adequate cor-
porate environmental, social, and governance 
responsibility awareness. ESG was created by 
the  United Nations Global Compact in  2004, 
and with this concept, businesses were re-
quired to  give due  attention to  environmental 
protection, social responsibility, and corporate 
governance in  their operations and business 
development processes and to  quantify their 
non-financial performances. The  purpose of 
conducting ESG  assessment is to  encourage 
businesses to invest in ESG and to help them 
integrate ESG  priorities into  their strategic 
decision-making processes and allocate their 
resources more effectively. 

Recent studies increasingly emphasize 
that stock liquidity is influenced not only by fi-
nancial indicators but also by  non-financial 
performance factors such as  ESG. ESG  is 
increasingly recognized by  all stakeholders, 
especially investors, and companies’ ESG rat-
ings are increasingly taken into account in 

decision-making processes (Bihari et  al., 
2025; Bhowmick et al., 2025; Hutchings, 2025; 
Sanseverino et  al., 2024). Companies with 
strong ESG performance typically enjoy higher 
investor confidence, lower transaction costs, 
and better market accessibility (Broadstock 
et al., 2021; Chen & Xie, 2022; S. Chen et al., 
2023; Mohammad et  al., 2021). As  a  result, 
more and more firms are trying to disclose their 
ESG activities.

The  purpose of  this study is to  examine 
the effect of ESG performance on capital mar-
ket performance. The main research question 
is whether ESG  performance improves stock 
liquidity in  European capital markets. Specifi-
cally, we examine whether higher ESG perfor-
mance leads to higher stock liquidity, whether 
this effect varies across European regions, and 
through which possible channels ESG  perfor-
mance may influence stock liquidity. For  this 
purpose, we  test the  relationship between 
ESG scores and the stock liquidity of European 
companies. Although there are different views, 
the majority of the literature shows that ESG ac-
tivities and disclosures decrease information 
asymmetry between the  firms and the  inves-
tors, enhance corporate reputation, decrease 
firm risk, and attract more attention and interest 
from institutional investors, all of  which affect 
stock liquidity.

Our dataset includes European listed com-
panies between 2002–2022 with ESG  scores 
obtained from Refinitiv Eikon database. To en-
sure the robustness of our findings we conduct 
a series of robustness tests, including alterna-
tive model specifications and control variables.

Our study contributes to literature in several 
ways. First, there is no comprehensive study 
in  the  literature investigating the  relationship 
between ESG  performance and stock liquid-
ity for European companies. Therefore, this 
study fills this gap and enriches the  literature 
by shedding light on the impact of ESG scores 
on  stock liquidity. Second, it  extends studies 
on  factors affecting stock liquidity by  identify-
ing ESG  performance as  an  impact factor 
in  capital markets. Third, this study provides 
empirical support for encouraging ESG  in-
vestments by  revealing the  positive impact 
of ESG performance on performance in capital 
markets. Finally, this study reveals regional dif-
ferences in investors’ reactions to ESG scores, 
providing insight into  the  regions where ef-
forts to  increase environmental, social and/or 
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governmental responsibility awareness should 
be concentrated.

The remaining parts of the paper are orga-
nized as follows. Section 1 includes a compre-
hensive literature review, and the  hypothesis 
of the study developed in this context. Section 2 
outlines the data of  the  research, and defines 
the research methodology. Section 3 presents 
the  results of  the analysis and the  robustness 
tests, and discusses the findings.

1	 Theoretical background 
and hypothesis development

1.1	 ESG and stock liquidity
There are a few studies in the literature exam-
ining the  impact of  ESG  disclosures on  stock 
liquidity, and in  all of  these studies, a  posi-
tive relationship between ESG  performance 
and stock liquidity was found (Aboud &  Diab, 
2019; R.  Chen et  al., 2023; He  et  al., 2023; 
Liang et al., 2023; Luo, 2022; Meng-tao et al., 
2023; Subramaniam et al., 2016; Wang et al., 
2023; Zhang et al., 2024). Wang et al. (2023) 
stated that ESG  performance increases firms’ 
stock liquidity by  reducing corporate risks and 
increasing stakeholders’ support. Meng-tao 
et  al. (2023) attributed the  increase in  stock 
liquidity to the decrease in corporate risks and 
the  increase in  institutional investors. R. Chen 
et al. (2023) found that good ESG performance 
increases stock liquidity by  reducing agency 
costs, increasing foreign ownership, and im-
proving corporate reputation. Zhang et  al. 
(2024) suggested that high ESG  scores lead 
to high stock liquidity by leading to an increase 
in corporate transparency and risk mitigation.

In addition to the studies mentioned above, 
literature examining the  relationship between 
ESG, financial performance and firm value 
can also be used to understand the dynamics 
of  the  relationship between ESG performance 
and stock liquidity. 

1.2	 ESG, financial performance, and firm 
value

The  question of  how ESG  ratings affect 
companies’ financial performance and firm 
values is  a  controversial issue, often based 
on one of two contrasting theoretical per-
spectives: (i)  the  shareholder theory; and 
(ii) the stakeholder theory. 

(i) Shareholder theory: the  first of  these 
is Friedman’s shareholder theory, which ar-
gues that the  company’s only responsibility is 

to  its shareholders. Friedman (1970) criticized 
the  increasing attention to  corporate social 
responsibility among companies and the  aca-
demic community, stating that the  only goal 
of a company is maximizing its profits, and any 
activity carried out under the  name of  social 
responsibility will create conflict between dif-
ferent stakeholders of  the company. From this 
perspective, investments in ESG are regarded 
as  irrational decisions that undermine share-
holders’ interests by  creating more virtuous 
companies at  higher costs, which in  turn 
negatively affect financial performance, and are 
likely to  be perceived unfavorably by  existing 
and potential investors. 

(ii) Stakeholder theory: the second theory 
is Freeman’s stakeholder theory, which argues 
that the  company’s responsibility is not only 
to  its shareholders but to  all its stakeholders. 
Freeman (1984) defined stakeholders as  any 
group or  individual who can affect a  com-
pany’s achievement of its goal or is affected by 
the company’s actions and stated that the true 
success of  a  company depends on  satisfying 
all its stakeholders. According to this perspec-
tive, social responsibility has both economic 
and moral dimensions, and companies that can 
effectively manage these dimensions will gain 
competitive advantage. In this regard, it can be 
expected that capital markets will not remain 
unresponsive to the ESG scores of companies 
that increase their corporate reputation and 
reliability by  considering the demands of  their 
stakeholders and will reward high performance.

In parallel with these two views, which are 
in complete contradiction with each other, stud-
ies in literature also exhibit contradictory results. 
Much of  the previous literature has suggested 
that ESG  disclosures help improve financial 
performance (Aboud & Diab, 2019; Kao, 2023; 
Lins et  al., 2017; Malik &  Kashiramka, 2024; 
Margolis, 2009; Noja et al., 2024; Rossi & Har-
joto, 2020; Ye et al., 2022; Yoo et al., 2022) and 
firm value (Aydoğmuş et al., 2022; Bagh et al., 
2024; Fatemi et  al., 2015; Krüger, 2015; Mi-
ralles-Quirós et al., 2018; Sassen et al., 2016). 
However, some studies have found that non-fi-
nancial information disclosures reduce financial 
performance and firm value (Alareeni & Ham-
dan, 2020; Brammer et al., 2006; Chen et al., 
2018; Duque-Grisales &  Aguilera-Caracuel, 
2021; Khan & Liu, 2023). Agarwala et al. (2024) 
have revealed the existence of a U-shaped re-
lationship between ESG scores and firm value 
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meaning that the firms must exceed a certain 
threshold for a  positive relationship to  occur. 
Fatemi et al. (2018) have stated that ESG ac-
tivities increase firm value, but ESG disclosures 
reduce firm value. Saygili et  al. (2022) found 
that while social and governance disclosures 
have positive effect, environmental disclosures 
have negative effect on financial performance. 
Liu et  al. (2022) have found out that social 
dimension has a  more significant effect on  fi-
nancial performance of  energy companies 
compared to  the other two dimensions. Some 
other studies have argued that there is no rela-
tionship between ESG, financial performance, 
and firm value (Atan et al., 2018; Horvathova, 
2010; Nag  &  Bhattacharyya, 2016). Capelle-
Blancard and Petit (2019) have found that 
investors react negatively to negative ESG per-
formance, but the reaction to good performance 
is insignificant.

1.3	 Mechanisms linking ESG and stock 
liquidity

High ESG performance is expected to alleviate 
information asymmetry and agency conflicts, 
reduce corporate risks and improve risk man-
agement through better corporate governance 
practices, enhance corporate reputation, and 
attract institutional investors. As a result, good 
ESG performance has the potential to increase 
stock liquidity in  capital markets by  positively 
affecting financial performance and firm value.

According to agency theory, the separation 
of  ownership and control in  companies cre-
ates an  agency relationship, and the  agency 
relationship creates information asymmetry be-
tween shareholders and managers. With more 
information, management has the  opportunity 
to  make decisions against investors, and this 
leads to conflicts of  interest and agency costs 
between the  principal and the  agent (Jensen 
&  Meckling, 1976). Diamond and Verrecchia 
(1991) revealed that information asymmetry 
creates implicit costs between companies and 
the market and can lead to misallocation of re-
sources, and policies that reduce this asymme-
try can increase stock liquidity. When investors 
buy or sell shares, they rely on the private in
formation they have about the  company. This 
information may be financial or  non-financi- 
al information such as ESG disclosures. ESG 
disclosures enable investors to view the com-
pany’s situation from perspectives other than 
its financial performance (Fatemi et  al., 2018; 

Li  et  al., 2018; Mulchandani et  al., 2022; 
Ng & Rezaee, 2020). The decrease in informa-
tion asymmetry resulting from ESG disclosures 
improves transparency, reduces agency costs, 
strengthens investor confidence by  reducing 
uncertainty, and can ultimately increase stock 
liquidity (R. Chen et al., 2023; Cui et al., 2018; 
Liang et al., 2023; Meng-tao et al., 2023; Wong 
& Zhang, 2021).

The  relationship between ESG  perfor-
mance and corporate reputation can be ex-
plained by  signaling theory. The  information 
asymmetry results in  outsiders interpreting 
any additional information beyond the manda-
tory financial reports as  a  signal to  financial 
markets (Spence, 1973). A  high ESG  score 
is a signal that shows a high level of social and 
environmental responsibility and indicates that 
the business has a strategy that creates diversi-
fied integrated value and protects stakeholders. 
This positive signal sent to the markets not only 
attracts sensitive investors in  terms of  social 
responsibility and environmental awareness 
but also  increases trust and support from all 
investors. The  positive image and increased 
corporate reputation created in  this context 
can influence investors’ decisions in  capital 
markets by  enabling businesses to  increase 
their financial performance and competitive 
advantages in  the market (Wong et al., 2021; 
Wong & Zhang, 2021) and can increase stock 
liquidity by  supporting stock trading (R.  Chen 
et al., 2023; Luo, 2022).

ESG  ratings also  play a  significant role 
in improving analyst forecast accuracy for com-
panies and reducing firm risk (R. Chen et al., 
2023; Meng-tao et al., 2023; Rossi & Harjoto, 
2020). A good ESG performance indicates that 
the company has a solid corporate governance 
mechanism that attaches importance to contin-
uous improvement, complies with relevant laws 
and regulations and is less likely to be penal-
ized, has a higher sense of social responsibility, 
and has a high corporate reputation (Luo & Wu, 
2022). Sassen et al. (2016) have demonstrated 
empirical evidence that businesses that provide 
non-financial information to  the  market with 
ESG  disclosures can reduce firm risks, espe-
cially idiosyncratic risks. Investors are likely 
to  turn to  risky investments to  obtain returns 
above the  expected returns. However, past 
financial crises have shown that risk-taking 
behavior can cause great losses to  investors. 
The risk-averse preferences of many investors, 
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whether individual or  corporate, are a  factor 
that restricts them from investing in  compa-
nies with a high-risk profile. Low firm risk has 
the potential to  increase stock trading volume 
and liquidity to the extent that it raises investors’ 
expectations about the company’s future.

Institutional investors, as  one of  the  main 
participants in capital markets, play a vital role 
in  stock liquidity. ESG  performance is an  im-
portant dimension that provides a  competitive 
advantage to  businesses and provides data 
for measuring the  sustainable development 
performance and long-term investment values 
of  businesses. Institutional investors are not 
willing to  invest in  companies with low envi-
ronmental and social performance (Dyck et al., 
2019; Nofsinger et  al., 2019). Therefore, high 
ESG  performance has the  potential to  attract 
the  attention of  domestic and foreign institu-
tional investors and encourage them to  invest 
in  these companies or  increase their existing 
investments, which ultimately strengthens 
liquidity (R.  Chen et  al., 2023). Institutions 
have a scale advantage compared to individual 
investors in acquiring and processing informa-
tion, with their professional and advanced 
investment knowledge and skills. Therefore, 
institutional investors are generally considered 
knowledgeable representatives. Co-investment 
behavior, which occurs as a result of the positive 
reaction of institutional investors to ESG perfor-
mance being perceived by individual investors 
as a signal to  invest in  these companies, can 
pave the  way for further increase in  liquidity 
(Bai et  al., 2022; R.  Chen et  al., 2023; Ding 
et al., 2017).

1.4	 Hypothesis development
Based on the discussion above, two contrast-
ing perspectives emerge. From the shareholder 
theory viewpoint, ESG  activities can be seen 
as  possible source of  inefficiency or  value 
destruction. In  contrast, stakeholder theory 
suggests that ESG  engagement enhances 
reputation, transparency, and investor confi-
dence, thereby increasing market efficiency 
and liquidity. Accordingly, and consistent with 
the  stakeholder-oriented perspective, we  for-
mulate our hypothesis as follows:

H1: Higher ESG  scores enhance stock 
liquidity.

To  the  best of  our knowledge, there is 
no prior study employing a  comprehensive, 

large-scale, multi-country dataset and a  ro-
bust methodology to  test the  ESG –  liquidity 
nexus across Europe. This study thus provides 
a novel contribution to the literature by evaluat-
ing the  impact of  ESG  performance on  stock 
liquidity in European capital markets.

2	 Research methodology
2.1	 Data 
European firms comprise the  sample of  this 
study. Both financial data and ESG data of firms 
listed in European stock exchanges were col-
lected from the  Refinitiv Eikon database for 
the period 2002 and 2022. Since ESG scores 
have been available since 2002, the  sample 
period of the study starts in 2002. While some 
former papers (i.e.,  R.  Chen et  al., 2023; 
Meng-tao et  al., 2023) obtained ESG  scores 
from the Bloomberg database, we  obtained 
ESG data for European listed firms from Refini-
tiv Eikon database (formerly known as Thom-
son Reuters Eikon) which is  a  highly utilized 
platform that provides financial data. It  is one 
of  the most frequently used databases for ob-
taining ESG  scores, especially for European 
companies (i.e., Candio, 2024; Gawęda, 2024; 
Janicka & Sajnóg, 2023; Menicucci & Paolucci, 
2025; Pinheiro et al., 2024). We started to form 
our sample by  searching for European com-
panies with ESG  scores from the  Refinitiv 
Eikon database between 2002 and 2022. This 
search yielded ESG  scores for 2,188  firms 
from 25  countries (EU-27  excluding Bulgaria, 
Croatia, Estonia, Latvia, Lithuania, Malta, and 
including Iceland, Norway, Switzerland, and 
the  United Kingdom) operating in  11  different 
industries according to  TRBC economic sec-
tor classification given by  Thomson Reuters. 
A  total of  17,752 firm-year observations were 
yielded at  the  end of  the  first screening. Fol-
lowing previous studies (i.e.,  R.  Chen et  al., 
2023; Meng-tao et al., 2023; Wang et al., 2023) 
firms operating in  financial industries (TRBC 
code 55) were eliminated (3,178 firm-year ob-
servations) due  to  their unique reporting and 
regulatory requirements. The  academic and 
educational services industry (TRBC code 63) 
was also eliminated (10 firm-year observations) 
due  to  its poor representation. Observations 
with missing data for variables in  the baseline 
regression model were excluded and firm 
level continuous variables without upper/lower 
boundaries were winsorized by 1% from the bot-
tom and top to control for the misleading effects 
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of outliers. The final sample included 1,693 firms 
from nine industries and 12,052 firm-year ob-
servations. The distributions of the observations 
through countries, regions, industries, and years 
are shown in Tab. A1 in the appendix.

2.2	 Model specification
Our  baseline regression model for examining 
the relationship between ESG score and stock 
liquidity, which is exactly the same model used 
by R. Chen et al. (2023), Meng-tao et al. (2023), 
is specified in Equation (1). To the best of our 
knowledge, this approach has not been used 
for robustly testing the  relationship between 
ESG score and stock liquidity across European 
Union states. We  used the cluster(id) option 
to use robust standard errors to control for het-
eroskedasticity and autocorrelation.

�Stock Liquidityi,t = c + β × 
× ESG Performance + γ × 
× Control Variables + θ × firmFE + 
+ α × yearFE + εi,t	

(1)

	
2.3	 Variable description
Stock liquidity, which is the dependent variable 
of the study, is captured by the illiquidity mea-
sure of Amihud (2002) as in Equation (2). The il-
liquidity measure of Amihud (2002) has been 
reported as  one of  the  best proxies among 
compared liquidity proxies (Fong et  al., 2017; 
Marcelo &  Quirós, 2006). Amihud (2002) de-
fines illiquidity as the ratio of the absolute daily 
returns to  the daily transaction volume in dol-
lars averaged by the  number of  trading  days. 
Since Equation (2) yields an illiquidity measure, 

following previous literature, the stock liquidity 
is calculated annually for each firm by the natu-
ral logarithm of  illiquidity measure of  Amihud 
(2002) (Equation  (2)) multiplied by  −1 so  that 
it can be interpreted as  the higher the values, 
the higher the stock liquidity. The illiquidity mea-
sure is calculated as follows:

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖,𝑦𝑦 = 1
𝐷𝐷𝑖𝑖,𝑦𝑦

 ∑
|𝑅𝑅𝑖𝑖,𝑦𝑦,𝑑𝑑|
𝑉𝑉𝑉𝑉𝑉𝑉𝑖𝑖,𝑦𝑦,𝑑𝑑

𝐷𝐷𝑖𝑖,𝑦𝑦

𝑡𝑡=0
 
	

(2)

where: |Ri,y,d|  –  the  absolute daily stock re-
turns (calculated by  ln(price(d)/price(d  −  1)) 
of stock i on day d of the year y; Voli,y,d – the dai-
ly trading volumes (measured by  transaction 
volumes in USD) of stock i on day d of year y; 
Di,y – the number of the trading days for stock i 
in year y. 

As  the  measure for ESG  performance, 
we  used ESG  scores by the  Refinitiv Eikon 
database for the period 2002 and 2022. Apart 
from the  data accessibility we  chose the  Re-
finitiv Eikon database as  it covers over  90% 
of the global market cap (LSEG, 2023) in terms of 
ESG score which is the variable of  interest of 
this study. We  used ESG  combined scores 
(ESG_COMB) as  the main variable of  interest 
as well as scores of ESG dimensions (ESG_E, 
ESG_S and ESG_G) where applicable. 

Based on the  previous literature we  iden-
tified the  following variables to  control for 
the effects of firm level characteristics on stock 
liquidity to capture the effect of ESG more prop-
erly. The  descriptives for the  variables in  our 
baseline regression are presented in  Tab.  1. 

Mean Median Max. Min. Std. dev. Obs.

LIQ 19.23 19.61 24.07 10.43 2.53 12,052

ESG_COMB 50.07 50.94 95.71 0.63 19.33 12,052

ROA 0.12 0.12 0.51 -0.30 0.09 12,052

LEV 0.26 0.25 0.75 0.00 0.15 12,052

SIZE 21.92 21.96 25.96 17.28 1.68 12,052

AGE 42.67 27.00 123.00 1.00 37.04 12,052

STR_INV 0.29 0.25 1.00 0.00 0.25 12,052

CASH 0.11 0.09 0.72 0.00 0.10 12,052

Source: own

Tab. 1: Descriptive statistics
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The  control variables are return on  assets 
(ROA) which is calculated as the EBITDA over 
total assets, leverage (LEV) which is calcu-
lated as total debt over total assets, size (SIZE) 
which is proxied by the natural logarithm of total 
assets, age (AGE) measured by the  natural 
logarithm of 2022 minus the incorporation year, 
strategic investors ratio (STR_INV) measured 
by shares held by strategic investors, and cash 
intensity (CASH) measured by cash and short 
term investments over total assets. 

The  descriptive statistics for the  variables 
are shown in Tab. 1.

3	 Results and discussion
3.1	 Baseline regression results
The  results of  the  baseline regression given 
by  Equation  (1) are shown in  Tab.  2. Equa-
tion  (1) is estimated with firm and year fixed 
effects. Regression results of the variable of in-
terest, ESG combined score (ESG_COMB), and 

stock liquidity (LIQ) are shown without control 
variables in Model 1 and with control variables 
in Model 2. Models 3–5 show the results of sub-
dimensions of  combined ESG  score (ESG_E, 
ESG_S, and ESG_G) and stock liquidity with 
control variables. 

The baseline regression results reveal that 
higher ESG  scores are positively associated 
with stock liquidity. Model 1 shows that higher 
ESG  combined scores enhance stock liquid-
ity alone, while Model 2 shows that this effect 
survives with the inclusion of control variables. 
This positive association shows that ESG en-
deavors have reflections in capital markets. 

Besides the  statistical significance of  the 
estimated coefficients, which reveal the positive 
relationship, they suggest that ESG  perfor-
mance exerts a  meaningful and economically 
non-negligible impact on  firms’ stock liquidity 
as well. Given in  the variable description sec-
tion  that our dependent variable is defined 

Dependent
Model 1 Model 2 Model 3 Model 4 Model 5

LIQ LIQ LIQ LIQ LIQ

ESG_COMB
0.010*** 0.004***

(6.028) (4.157)

ESG_E
0.003***

(3.661)

ESG_S
0.002**

(1.662)

ESG_G
0.001***

(1.707)

ROA
2.369*** 2.367*** 2.367*** 2.372***

(10.243) (10.168) (10.142) (10.166)

LEV
−1.388*** −1.399*** −1.386*** −1.383***

(−7.683) (−7.780) (−7.659) (−7.674)

SIZE
1.102*** 1.103*** 1.115*** 1.116***

(21.407) (21.413) (21.645) (21.684)

AGE
−0.007 −0.006 −0.001 0.002
(−0.119) (−0.101) (−0.013) (0.025)

STR_INV
−1.780*** −1.783*** −1.785*** −1.772***

(−9.375) (−9.410) (−9.400) (−9.312)

CASH
0.674*** 0.672*** 0.675*** 0.681***

(2.940) (2.937) (2.936) (2.948)

Tab. 2: Baseline regression results – Part 1
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as  the  negative natural logarithm of Amihud’s 
(2002) illiquidity ratio (LIQ  =  −ln(ILLIQAmihud)), 
a  positive coefficient indicates a  reduction 
in  illiquidity; hence an  improvement in  liquid-
ity. The  coefficient of  0.004 on the  combined 
ESG score (Model 2) implies that a one-point 
increase in  the  ESG  score (ranging from  0 
to 100) leads, on average, to a 0.004 increase 
in  −ln(ILLIQ). This corresponds approximately 
to a 0.4% decline in  illiquidity, or equivalently, 
a 0.4% enhancement in stock liquidity. There-
fore, a  10-point rise in  a  firm’s ESG  score 
(e.g., from 50 to 60) is associated with roughly 
a 4% improvement in  liquidity, ceteris paribus. 
When decomposed into environmental, so-
cial, and governance pillars, the  coefficients 
of 0.003, 0.002, and 0.001 respectively translate 
into 0.3, 0.2, and 0.1% reductions in  illiquidity 
for each one-point increase. Here it should be 
noted that, since ESG scores are ordinal (rather 
than cardinal) in  nature (Avramov, 2022), one 
should be cautious in operationalizing the eco-
nomic interpretation of the results. 

The  association of  control variables with 
stock liquidity is in  line with the  expectations. 
While ROA, SIZE, and CASH variables have 
statistically significant positive effect on  stock 
liquidity, LEV  and STR_INV variables have 
statistically significant negative effect.

The association of subdimensions of ESG 
with stock liquidity was tested by  Model  3, 
Model  4, and Model  5. Each  subdimension 
was found to  affect stock liquidity positively. 
Judging by the economic significance (i.e., co-
efficient) and the  statistical significance level 

(i.e., t-statistics) we found that the environmen-
tal subdimension of  the  combined ESG score 
has the highest effect, and the social subdimen-
sion of  the combined ESG score has the  low-
est effect. According to  our results, firms can 
expect positive effects of  the disclosures they 
make regarding environmental, social, and 
governance issues on their stock liquidity, and 
prioritizing environmental disclosures among 
others would be more effective.

Besides, return on asset (ROA), size (SIZE), 
and cash intensity (CASH) were found to have 
a  significantly positive effect, while leverage 
(LEV) and strategic investors ratio (STR_INV) 
were found to have a significantly negative ef-
fect on stock liquidity.

3.2	 The effect of geographical region
Effects of  regional characteristics on the  re-
lationship between ESG  and stock liquid-
ity are analyzed by  subsample regressions. 
To  explore the  effect of  geographical regions 
on the  relationship between ESG  and stock 
liquidity, we grouped European countries in our 
sample into four regions (namely Eastern Eu-
rope, Northern Europe, Southern Europe, and 
Western Europe) by using the United Nations 
geoscheme based on the  M49  coding clas-
sification (United Nations, 2023). According 
to  the  UN  geoscheme, Poland, Hungary, the 
Czech Republic, and Romania are considered 
as  Eastern Europe. Western Europe includes 
Austria, Belgium, France, Germany, Luxem-
bourg, the Netherlands, and Switzerland. North-
ern Europe is composed of Denmark, Finland, 

Dependent
Model 1 Model 2 Model 3 Model 4 Model 5

LIQ LIQ LIQ LIQ LIQ

Cons
17.576*** −5.052*** −4.994*** −5.271*** −5.312***

(147.690) (−4.622) (−4.557) (−4.818) (−4.863)

Year FE Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes

Observations 12,052 12,052 12,051 12,051 12,052

F 171.400 171.420 171.330 171.470 171.670

Adj. R2 0.187 0.728 0.726 0.725 0.724

Note: *** significant at 1%, ** significant at 5%.
Source: own

Tab. 2: Baseline regression results – Part 2
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Iceland, the Republic of Ireland, Norway, Swe-
den, and the  United Kingdom. Greece, Italy, 
Portugal, Slovenia, and Spain are classified 
as Southern Europe.

Regression results for the  subsamples 
based on the geographical regions are presented 
in Tab. 3. While liquidity (LIQ) is the dependent 
variable for each model, ESG combined score 

Region ESG_COMB ESG_E ESG_S ESG_G Obs. Adj. R2 F Controls

Eastern

0.004
304 0.512 5.940 Included

(0.663)

0.009**
304 0.521 6.230 Included

(2.130)

0.006
304 0.520 6.010 Included

(1.230)

-0.002
304 0.494 5.930 Included

(-0.580)

Northern

0.008***
5,680 0.740 89.370 Included

(5.141)

0.005***
5,679 0.736 87.520 Included

(3.796)

0.005***
5,680 0.737 89.900 Included

(3.039)

0.001
5,680 0.733 88.100 Included

(0.915)

Southern

0.003
1,461 0.574 44.200 Included

(0.842)

0.003
1,461 0.574 42.000 Included

(1.150)

0.001
1,461 0.569 42.770 Included

(0.127)

0.001
1,461 0.570 44.750 Included

(0.508)

Western

0.004***
4,607 0.723 83.300 Included

(2.794)

0.004***
4,607 0.719 85.300 Included

(2.819)

0.001
4,607 0.719 83.100 Included

(0.936)

0.002**
4,607 0.721 83.250 Included

(2.161)

Source: own

Tab. 3: Effect of ESG by region
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Second, the  positive relationship between 
ESG and stock liquidity revealed by the analy-
ses was also checked for possible endogeneity 
problems. Following Meng-tao et  al. (2023), 
we  estimated Equation  (1) by  using lagged 
independent variable of interest (ESG_COMB) 
or  leaded dependent variable  (LIQ). Control 
variables, described before, and firm and year 
fixed effects were included. Results presented 
in Tab. 5 show that both the economic and sta-
tistical significance and the direction of the co-
efficients persisted when the lagged or  leaded 
variables were employed.

In  order to  add robustness to  the re-
sults obtained by the  baseline regressions, 

we estimated Equation (1) by using different pa-
rameters and checked whether the  significant 
positive relationship between ESG  and stock 
liquidity survived. 

Differing from baseline regressions where 
firm and year fixed effects were included, Equa-
tion (1) was estimated by the inclusion of coun-
try fixed effects and year fixed effects (Model 1), 
by the  inclusion of  industry fixed effects and 
year fixed effects (Model 2), and Model 3 esti-
mated the relationship by pooled OLS. To check 
the effect of the transition from local regulations 
to IFRS in 2005 on reporting standards, we ran 
the  tests with data between 2005 and 2022 
in  Model  4. Finally, we  used different control 

(ESG_COMB) and subdimensions of ESG are 
the  independent variables and the  control 
variables defined earlier are also included. The 
results showed that while the  coefficients of 
ESG_COMB were not statistically significant 
for Eastern and Southern European compa-
nies, they were significant for Northern and 
Western European companies. ESG combined 
scores were reflected in  the  stock liquidity for 
companies only operating in  Northern and 
Western Europe. The effect of subdimensions 
of  ESG  on  liquidity was not found homoge-
neous across geographical regions either. 
First, for none of the regions, every subdimen-
sion was found statistically significant. While 
environmental score (ESG_E) and social 
score (ESG_S) were found to  have statisti-
cally positive effect on  liquidity for Northern 
European companies, environmental score 

(ESG_E) and governance score (ESG_G) 
were found significant for Western European 
companies. While none of  the  subdimensions 
were found to have significant effect on liquid-
ity for Southern European companies, only 
environmental score (ESG_E) was found to be 
significant for Eastern European companies. 
Out of the three subdimensions, environmental 
score (ESG_E) was found to be the most influ-
ential on stock liquidity.

3.3	 Robustness tests
First, we  checked for possible multicollinear-
ity by  tabulating cross-correlations of  the 
variables. Cross-correlation coefficients are 
presented in  Tab.  4. The  correlation coeffi-
cients between independent variable pairs vary 
between 0.01 and 0.45, which do not indicate 
a series multicollinearity problem.

  LIQ ESG_COMB ROA LEV SIZE AGE STR_INV CASH

LIQ 1.00 0.42 0.14 0.01 0.77 0.02 −0.31 −0.10

ESG_COMB 1.00 0.00 0.09 0.45 0.12 −0.10 −0.07

ROA 1.00 −0.15 −0.09 −0.01 −0.02 0.01

LEV 1.00 0.18 −0.01 0.04 −0.25

SIZE 1.00 0.05 −0.07 −0.24

AGE 1.00 0.04 −0.05

STR_INV 1.00 0.08

CASH 1.00

Source: own

Tab. 4: Cross correlation of variables
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LIQ LIQ LIQ (t + 1) LIQ (t + 2)

ESG_COMB
0.004*** 0.004***

(3.381) (2.859)

ESG_COMB (t − 1)
0.004***

(3.501)

ESG_COMB (t − 2)
0.003***

(2.871)

Firm FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

Controls Included Included Included Included

Observations 10,117 8,540 10,117 8,540

Firm FE 168.440 158.440 152.950 132.710

Adj. R2 0.729 0.714 0.721 0.670

Note: *** significant at 1%.
Source: own

Dependent
Panel A

Dependent
Panel B

Model 1 Model 2 Model 3 Model 4 Model 5
LIQ LIQ LIQ LIQ LIQ

ESG_COMB
0.01*** 0.01*** 0.01*** 0.01***

ESG_COMB
0.01***

(6.44) (6.28) (5.43) (3.45) (4.29)

ROA
2.51*** 2.48*** 5.52*** 2.43***

ROA2
1.58***

(11.33) (11.17) (16.95) (10.63) (6.96)

LEV
−1.48*** −1.41*** −1.34*** −1.33***

LEV2
−1.26***

(−9.15) (−8.65) (−7.00) (−7.57) (−6.34)

SIZE
1.11*** 1.13*** 1.17*** 1.10***

SIZE2
0.74***

(40.21) (41.59) (61.40) (20.44) (9.77)

AGE
−0.08*** −0.03 −0.04 −0.02

AGE
0.01

(−2.33) (−0.82) (−1.36) (−0.36) (0.05)

STR_INV
−2.07*** −2.03*** −2.52*** −1.86***

STR_INV
−2.00***

(−13.30) (−13.39) (−18.87) (−9.65) (−9.83)

CASH
1.04*** 0.95*** 2.21*** 0.55**

CASH2
0.01

(5.02) (4.54) (8.18) (2.49) (−0.39)

CONS
−5.53*** −5.69*** −6.54*** 0.00

CONS
3.53

(−8.51) (−9.53) (−16.02) (−3.39) (2.22)

Tab. 5: Lagging independent and leading dependent variable

Tab. 6: Robustness checks – Part 1
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variables instead of the ones used in baseline 
regression. Profitability was measured by  re-
turn on  average total assets (ROA2) instead 
of EBITDA over total assets  (ROA). Leverage 
was calculated by  total liabilities over total 
assets (LEV2) instead of  total debt over total 
assets (LEV). Size was proxied by the natural 
logarithm of sales (SIZE2) instead of the natural 
logarithm of total assets (SIZE), and cash inten-
sity was measured by the current ratio (CASH2) 
instead of  cash and short-term investments 
over total assets. Tab. 6 shows the results of al-
ternative models. The  positive and significant 
effect of ESG on stock liquidity did not change. 

3.4	 Discussion
Our  findings confirm the  general consensus 
in the literature that ESG performance enhanc-
es stock liquidity. Similar to  Aboud and Diab 
(2019), R. Chen et al. (2023), He et al. (2023), 
and Meng-tao et al. (2023), we find a positive 
and statistically significant relationship between 
ESG scores and stock liquidity. These studies 
argue that ESG  activities reduce information 
asymmetry, improve corporate transparency, 
and attract institutional investors; the findings 
are also supported by our empirical results.

Our results closely align with R. Chen et al. 
(2023), who found that ESG  performance 
increases liquidity by  lowering agency costs 
and enhancing corporate reputation. Likewise, 
Wang et  al. (2023) and Zhang et  al. (2024) 
emphasized ESG’s role in  risk reduction and 

investor confidence, consistent with our finding 
that environmental disclosures, in  particular, 
are positively associated with stock liquidity. 
Our  baseline results, backed by  robust tests 
support the  notion that ESG  activities are not 
merely ethical commitments but financially 
material signals that have influence on market 
efficiency. First, ESG  disclosure (especially 
the  governance pillar) can act as  a  mecha-
nism to enhance the mitigation of  some parts 
of  the  agency costs (e.g.,  monitoring costs) 
defined by Jensen and Meckling (1976). Sec-
ond, as proposed by the information asymmetry 
theory, increased public information (hence 
reduced information asymmetry) can attract 
large investors because of  increased liquidity 
of the securities (Diamond & Verrecchia, 1991). 
ESG  disclosures can enhance transparency 
by  reducing hidden information and conse-
quently enhance stock liquidity. Firms that 
voluntarily communicate non-financial perfor-
mance allow investors to evaluate management 
of  the  company beyond traditional financial 
indicators. This can decrease the  uncertainty 
about firm value and facilitate the  trading 
of the stocks. Third, high ESG scores (or even 
having ESG scores alone) can serve as cred-
ible market signals of  management quality 
as implied by the signaling theory (Certo, 2003; 
Spence, 1973). Investors can interpret high 
ESG  scores as  indicators of  sound internal 
governance, which strengthens confidence and 
fosters active trading. Last but not least, the 

Dependent
Panel A

Dependent
Panel B

Model 1 Model 2 Model 3 Model 4 Model 5
LIQ LIQ LIQ LIQ LIQ

Firm FE No No No Yes Firm FE Yes

Year FE Yes Yes No Yes Year FE Yes

Country FE Yes No No No Country FE No

Industry FE No Yes No No Industry FE No

Observations 12,052 12,052 12,052 11,634 Observations 11,989

Wald chi2 2.33E+16 6,422.16 Wald chi2

F 870.23 178.42 F 160.49

Adj. R2 0.75 0.75 0.71 0.73 Adj. R2 0.63

Source: own

Tab. 6: Robustness checks – Part 2
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rapidly growing body of theoretical and empiri-
cal research on social preferences of investors 
(e.g., Bauer et al., 2021; Riedl & Smeets, 2017) 
also  suggests that high ESG  scores attract 
sustainability-oriented investors and hence 
directly enhance stock liquidity.

However, our study diverges from prior re-
search in the relative importance of ESG subdi-
mensions. While Meng-tao et al. (2023) identified 
governance as the most influential and environ-
mental as  the  least impactful ESG  dimension, 
our results reveal the  opposite: the  environ-
mental component exerts the strongest impact, 
followed by governance and social dimensions. 
This pattern can be conceptually explained 
by  differences in  visibility, measurability, and 
investor salience. Environmental performance, 
such as emissions reduction, resource efficien-
cy, and renewable energy use, provides quan-
tifiable and externally verifiable information that 
sends strong signals of  regulatory compliance 
and operational efficiency. In  the  European 
context, where the EU Green Deal and carbon 
neutrality targets dominate policy discourse, 
environmental achievements have become par-
ticularly salient to  investors. In contrast, social 
performance (e.g.,  employee welfare or  com-
munity engagement) often yields longer-term 
reputational benefits that are less immediately 
priced by  capital markets. This discrepancy 
may also reflect regional differences in investor 
priorities. In  the  European context, especially 
Northern and Western regions, climate-related 
issues are more deeply embedded in  policy 
and investment practices, potentially increasing 
the importance of environmental disclosures.

Our  regional analysis adds an  important 
nuance not widely covered in  earlier studies. 
While prior works such as Subramaniam et al. 
(2016) and Wong and Zhang (2021) provide 
evidence of  a  uniform positive relationship 
between ESG and liquidity, our study highlights 
that this relationship is not homogeneous 
across Europe. Specifically, we  found that 
ESG  scores are significantly associated with 
stock liquidity in Northern and Western Europe, 
but this association is not statistically significant 
in Southern and Eastern Europe. This regional 
disparity has not been thoroughly addressed 
in previous literature, representing a key contri-
bution of our work. Apart from the sample selec-
tion  constraints this divergence can be better 
understood and further explored from the view-
points of some theories. This phenomenon can 

be explained by varieties of capitalism literature 
stating that coordination of firms’ activities and 
firms’ responses to  other actors differ across 
liberal market economies, coordinated market 
economies (Hall &  Soskice, 2003) and mixed 
market economies (Hassel, 2014). Institutional 
complementarities in different European coun-
tries, which shape varieties of capitalism across 
European countries, can also  help to  under-
stand this divergence (Hall &  Soskice, 2003). 
Organizational legitimacy framework (Such-
man, 1995) can also  provide an  alternative 
explanation for why sustainability related issues 
are not equally rewarded in different European 
stock markets in Northern and Western Europe 
awareness about sustainability issues can 
be higher and sustainability regulations such 
as  the  EU  Non-Financial Reporting Directive 
(2014/95/EU) and the  Sustainable Finance 
Disclosure Regulation (2021) (European Parlia-
ment and Council of the European Union, 2014, 
2021) can be more deeply adopted and institu-
tionalized. This can trigger normative pressures 
for enhanced ESG practices. As a result, firms 
in these regions experience stronger legitimacy 
gains and market trust when they perform well 
on  ESG  metrics. In  contrast, the  social and 
regulatory expectations around sustainability 
can be weaker in  Southern and Eastern Eu-
rope; therefore, ESG  performance provides 
a  less potent legitimacy signal to  investors. 
Lower enforcement of  disclosure standards 
and smaller sustainability-oriented investor 
bases reduce the  informational and signaling 
value of  ESG  data. Consequently, an  equiva-
lent improvement in  ESG  performance leads 
to a more muted investor response and gener-
ates weaker liquidity effects.

While Fatemi et al. (2018) and Saygili et al. 
(2022) raised concerns about negative or am-
biguous ESG effects, our results do not support 
this view. All three ESG dimensions show posi-
tive and significant associations with liquidity. 
Furthermore, in  contrast to  Capelle-Blancard 
and Petit (2019), who reported that markets 
penalize poor ESG  performance but do  not 
reward strong performance, our findings show 
that high ESG scores are positively recognized, 
particularly in developed regions.

In summary, our study confirms the positive 
impact of ESG performance on stock liquidity, 
while also contributing new evidence of regional 
disparities and a greater emphasis on environ-
mental factors within European markets.
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Conclusions
In this study, the impact of corporate ESG per-
formance on  stock liquidity is examined. 
Our  research findings show that this effect 
is positive, that is, to  the  extent that firms’ 
ESG  performance increases, their perfor-
mance in  capital markets and stock liquidity 
also  increases. The  mechanism of  this rela-
tionship can be briefly summarized as follows. 
As  ESG  performance increases, there will 
likely be a decrease in information asymmetry 
and corporate risks and an  increase in  cor-
porate reputation. In  addition, institutional 
investors’ investment preferences in  favor 
of high-scored firms result in both these inves-
tors carrying out large transaction volumes 
and individual investors perceiving these 
transactions as signals and directing their in-
vestments to these firms. 

The  result indicating that the  association 
of ESG performance and stock liquidity differs 
across European regions is one of  the  inter-
esting findings of  this research, which needs 
further attention by  future studies. Our  results 
show that investors in  Eastern and Southern 
Europe do  not attach as  much importance 
to  sustainability issues as  those in  Western 
and Northern Europe. The  fact that Western 
and Northern European countries have larger 
economies compared to Eastern and Southern 
European ones causes the  GDP  per capita 
and per capita income to be higher in the West 
and North (Eurostat, 2023). This situation 
may result in  investors, whether they have 
environmentally friendly attitudes and values 
or care deeply about human rights and social 
equality, directing their relatively limited savings 
to  investment instruments focused on  profit 
maximization, instead of environmentally friendly 
or socially responsible financial products. There 
are also  differences across Europe in  terms 
of government initiatives supporting sustainable 
investments. While countries that share the char-
acteristics of  the Scandinavian socio-economic 
model (Denmark, Finland, the Netherlands, and 
Sweden) and countries with the  Anglo-Saxon 
socio-economic model (England and Ireland) 
are much more mature in  sustainable invest-
ing, Mediterranean and Transition countries 
are further behind in  this regard. Our  results 
support the  findings of  Steurer et  al. (2008), 
which indicate that there is  a  West-East di-
vide as well  as  a North-South divide in  terms 
of ESG policies in Europe. 

Putting this discrepancy aside, our findings 
show that investor behavior, which in  the past 
was largely focused on profitability, has trans-
formed and is influenced by the activities car-
ried out by companies in the environmental and 
social fields and good governance practices. 
Investors today prefer more sustainable com-
panies in the context of nature protection, social 
justice, and good governance.

Additionally, our findings show that firms 
that incorporate ESG  into  their processes can 
improve their reputation, reduce their risks, 
and potentially attract more investors. Inves-
tors, as critical stakeholders, have a significant 
impact on the  strategies firms implement and 
the  decisions they make. In  this context, in-
vestors’ support and trust in  ESG  legitimizes 
firms’ ESG  practices. Ignoring sustainability 
and ESG, which have become one of the most 
important strategies of all modern organizations 
around the world in order to maintain competi-
tiveness and long-term success, would be a big 
strategic mistake.

Like any study, this research has its limita-
tions. Among various ESG  information provid-
ers, such as  Bloomberg, MSCI/KLD, Fortune, 
and the  Dow Jones Sustainability Indices 
(DJSI), we relied on ESG scores from Refinitiv 
Eikon due  to  data availability. Future studies 
could expand the  sample by  incorporating 
these additional ESG sources. Another limitation 
stems from the regional imbalance in company 
representation; our conclusion – that investors 
in Western and Northern Europe prioritize sus-
tainability more than their counterparts in Eastern 
and Southern Europe – is based on an uneven 
distribution of companies across these regions. 
The  unequal representation of  regions weak-
ens the generalizability of the results. Expand-
ing the sample to include more companies from 
Eastern and Southern Europe could help ad-
dress this issue. Besides, the regional differenc-
es deserve further research of the relationship 
between ESG performance and stock liquidity 
in  the  context of  economic development, cul-
tural structure and government initiatives. An-
other economic and methodological limitation 
of  our analysis lies in  the  potential presence 
of reverse causality between ESG performance 
and stock liquidity. Firms with higher stock 
liquidity may have greater visibility and better 
images in capital markets, which can motivate 
enhanced ESG practices and disclosure. More 
liquid stocks are more likely to be traded and 
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held heavily by  institutional investors and are 
more likely to face closer public scrutiny, which 
would also  enhance ESG  practices by  these 
firms. Thus, the positive association observed 
between ESG  scores and stock liquidity may 
partially reflect a bidirectional relationship rather 
than a purely causal effect from ESG to liquidity. 
While firm and year fixed effects were included 
in  our models to  account for unobserved het-
erogeneity, the  reverse causality could not be 
ruled out in our baseline regressions. Although 
the  lagging independent and leading depen-
dent variable in  the  robustness tests were at-
tempts to  mitigate the  endogeneity problems 
(including reverse causality), future research 
could address this issue by  employing more 
specific tests and methods to  more robustly 
identify the causal direction. Last but not least, 
the relationship between ESG performance and 
stock liquidity is an area open to further inves-
tigation. The dependent variable of  this study, 
stock liquidity, was proxied by the  illiquidity 
measure of  Amihud (2002). Alternative mea-
sures of  stock liquidity can be used by  future 
research to test the proposed relationships. 
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Abstract: Well defined and transparent credit risk evaluation continues to be a fundamental issue 
in financial decision-making, particularly when dealing with intricate borrower profiles in the forms 
of organized tabular data. While traditional machine learning models often lack interpretability for 
predictive accuracy, recent deep learning approaches struggle to  generalize across such  data 
formats. We propose an  innovative hybrid Tabular Deep Learning system that combines feature 
tokenizer transformer (FT-transformer) and TabNet architectures with an adaptive feature routing 
(AFR) method. The AFR module dynamically identifies significant aspects for each data instance, 
facilitating context-aware representation learning and enhancing generalization across other 
borrower groups. To  guarantee explainability and compliance with regulations, our approach 
integrates a  multimodal interpretability package that includes Shapley additive explanations 
(SHAP)-based attributions, attention mapping, and counterfactual reasoning for actionable what-if 
analysis. Comprehensive experiments on the benchmark dataset reveal the model’s exceptional 
performance, attaining an AUC of 0.985, an F1-score of 0.972, and a premier ranking according 
to  the  Gini coefficient. Visual metrics of  AUC vs.  Gini coefficient, cost-benefit curves, and 
the counterfactual dashboards showcase the model’s transparency and practical applicability. This 
study observes the application of explainable AI in credit risk modeling by successfully reconciling 
the balance between higher predictive accuracy and interpretability, hence facilitating explainable 
financial decision-making scenarios.
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Introduction
In banking, reliable credit risk analysis is essen-
tial to stable lending practices and the resilience 
of the financial system. It facilitates financial in-
stitutions to assess the probability of borrower 

default and to make informed credit decisions 
that safeguard capital, manage financial risk, 
and adhere to regulatory requirements. Consid-
ering the magnitude and complexity of personal 
and corporate lending markets, precise and 
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responsible credit risk modeling is not merely 
a predictive task, it  is vital for protecting port-
folio integrity, reducing non-performing loans, 
and upholding economic stability.

Historically, credit risk assessment has 
depended on  statistical models like logistic 
regression and decision trees, which provide 
clarity and simplicity in  application. Nonethe-
less, these models frequently fail to accurately 
represent the  nonlinear, high-dimensional 
interactions inherent in  real-world financial 
statistics, particularly as borrower behavior be-
comes more complex. Consequently, financial 
institutions have adopted sophisticated AI and 
machine learning (ML) methodologies, which 
have shown significant potential in uncovering 
hidden patterns and enhancing forecasting 
accuracy (Chang et  al., 2024; Jeribi et  al., 
2024). Ensemble approaches such as  ex-
treme gradient boosting (XGBoost) and light 
gradient boosting machine (LightGBM) have 
been prominent for their efficacy in  manag-
ing extensive credit datasets. Although these 
models have enhanced forecasting accuracy, 
their unclear decision-making processes pro-
vide difficulties for regulatory compliance, 
risk management, and user confidence, all 
of which are essential in  the  financial sector. 
Beyond performance, the importance of trans-
parency led to  a  growing body of  research 
in explainable AI (XAI), focused on  improving 
the  interpretability of  credit risk models while 
maintaining accuracy (Hollmann et  al., 2025; 
Martin et al., 2024). Roy and Vasa (2025) high-
light that a significant obstacle to the practical 
implementation of  AI-driven financial models 
is the  absence of  explainability and user 
trust, notwithstanding their shown predictive 
capabilities. Consequently, creating method-
ologies that are both precise and transparent, 
as well as auditable, has emerged as a prima-
ry goal in contemporary credit risk analytics.

At the  same time, tabular deep learn-
ing (TDL), which is the  application of  deep 
learning to structured data, has been gaining 
popularity (Ye et  al., 2024). Although deep 
learning has historically excelled in areas such 
as  image and text processing (Martin et  al., 
2023), contemporary architectures like TabNet 
(Arik & Pfister, 2021), TabTransformer (Huang 
et al., 2020), and Tabular Prediction Founda-
tion Network (TabPFN) (Liu & Ye, 2025) have 
been explicitly engineered for tabular datas-
ets (for further explanation of the terms, see 

Tab. A1 in appendix). The TabPFN, a few-shot 
transformer-based learner, has demonstrated 
impressive performance in  low-data environ-
ments and rapid inference times, rendering it 
an  attractive option for financial applications 
(Sugapriya & Vijayabhasker, 2024). Moreover, 
the  notion of  adaptive feature routing (AFR) 
has arisen to tackle the issue of static feature 
significance across varied samples. AFR  en-
ables the model to dynamically direct and pri-
oritize various features based on the  context 
of  each data occurrence. Originally investi-
gated in  network optimization and dynamic 
systems, AFR  ideas are now being applied 
to areas such as credit scoring for enhanced, 
context-sensitive learning (Cheng et  al., 
2023). Yet  another emerging issue is tempo-
ral drift, the  phenomenon in  which borrower 
behavior or macroeconomic conditions evolve 
over time, affecting model reliability. Integrat-
ing drift-awareness into training processes 
can substantially enhance model robustness 
in practical deployment (Cheng et al., 2021).

Here, we  propose a  novel hybrid tabular 
deep learning framework for credit risk predic-
tion that combines the  strengths of  FT-trans-
former and TabNet deep learning architectures, 
enriched by an adaptive feature routing mecha-
nism. This feature selection approach enables 
personalized, context-sensitive modeling while 
preserving interpretability through multimodal 
explanation layers, including SHAP-based 
feature attribution, attention heatmaps, and 
counterfactual reasoning. By  bridging the  gap 
between performance and interpretability, this 
work aims to  contribute a  robust and deploy-
able deep learning framework for the  next 
generation of  intelligent, explainable credit 
scoring systems. 

The structure of the manuscript is as follows: 
section 1 analyzes and summarizes the existing 
literature on credit risk modeling, with a particu-
lar focus on tabular deep learning architectures 
and explainability techniques. Section  2 ex-
pands the proposed hybrid framework, notifying 
the architectural design, integration of adaptive 
feature routing, and the  multimodal interpret-
ability components. The  experimental setup, 
including dataset preprocessing, model training 
configuration, and evaluation metrics, is  out-
lined in section 3. Section 4 presents the results 
obtained, detailing the predictive performance, 
interpretability analysis, and comparison with 
state-of-the-art baselines.
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1	 Theoretical background 
Recent advances in  machine learning have 
heavily impacted credit risk assessment, par-
ticularly with the implementation of deep learn-
ing models that provide enhanced forecasting 
accuracy. A  number of  research studies have 
explored transforming tabular credit data into 
formats suitable for convolutional neural net-
works, enabling the use of visual feature learn-
ing and explanation techniques. Nallakaruppan 
et al. (2024) offered a ML model for interpreta-
ble credit risk modeling using classical ML algo-
rithms, particularly decision trees and random 
forests, augmented by  post-hoc explainability 
methods like SHAP and LIME. Their research 
indicated that XAI enhances transparency 
in credit risk classification by providing both lo-
cal and global feature attributions. Nonetheless, 
although the  method improves interpretability, 
its dependence on  conventional models con-
strains its capacity to capture intricate nonlinear 
feature interactions in high-dimensional tabular 
credit datasets, highlighting the  necessity for 
advanced models with inherent interpretability. 
Another research by  Zhang et  al. (2023) has 
focused on identifying borrower characteristics 
through static feature selection techniques, 
emphasizing the  importance of  relevant input 
features in  improving model performance. 
Nevertheless, these methods generally apply 
a one-size-fits-all approach and fail to consider 
instance-specific feature dynamics, which are 
crucial for personalized credit evaluations. 

Models based on  factorization machines 
have been investigated by  Quan and Sun 
(2024), including behavioral and demographic 
factors to elucidate feature interactions in credit 
risk prediction. Although these methodologies 
enhance accuracy, they frequently exhibit a de-
ficiency in  transparency and are constrained 
by  model interpretability. In  response, Ullah 
et  al. (2021) proposed a  research framework 
to  implement explainability approaches such 
as  Layer-wise Relevance Propagation (LRP), 
which provides more detailed attributions than 
conventional methods like LIME or SHAP. Nev-
ertheless, the  application of  LRP in  financial 
deep learning is still inadequately investigated, 
and its incorporation with context-sensitive fea-
ture processing is predominantly lacking.

Some researchers have suggested employ-
ing transfer learning and domain adaptation for 
credit scoring, emphasizing the  ability to  miti-
gate data shortages and distributional shifts 

among borrower demographics. One  of  these 
studies (Suryanto et  al., 2022) present 
mechanisms such as  progressive shift con-
tribution, but infrequently include explainable 
frameworks to  explain transferred knowledge, 
resulting in a transparency gap in model predic-
tions. The research put forth by Tavakoli et al. 
(2025) examines the integration of deep learn-
ing models to forecast corporate credit ratings 
by  combining structured numerical data with 
unstructured textual content. The  researchers 
examine diverse combinations of deep learning 
architectures, including convolutional neural 
network (CNNs), long short-term memory 
(LSTMs), gated recurrent units (GRUs), and 
bidirectional encoder representations from 
transformers (BERT), utilizing various fusion 
strategies such as  early and intermediate fu-
sion via concatenation and cross-attention 
mechanisms. Their research demonstrates that 
a CNN-based multimodal model employing two 
fusion methodologies surpasses alternative 
methods, underscoring the efficacy of integrat-
ing varied data types for improved credit rating 
prediction. Studies based on feature engineer-
ing have continued to  be prevalent, including 
univariate selection and recursive elimination 
techniques to  identify significant features. Al-
though these strategies are effective globally, 
they are static and unable to discern context-
dependent feature relevance at  the  individual 
instance level, according to Jemai and Zarrad 
(2023). Further studies utilizing SHAP in deep 
learning models showed its effectiveness 
in  explaining credit scoring choices; nonethe-
less, the interplay between SHAP and dynamic 
feature selection is predominantly unexamined 
(Hjelkrem & De Lange, 2023).

Nwafor et al. (2024), proposed a hybrid deep 
learning framework that incorporates LSTM 
and CNN architectures with SHAP-based post-
hoc explainability, driven by the  necessity for 
transparent and accurate credit scoring system. 
Their DL  model enhances the  classification 
of  high-risk borrowers by  capturing temporal 
behavioral patterns and identifying influential 
features. Yet, the generalizability of the method 
is restricted to solely tabular datasets that lack 
temporal dependencies due to  its reliance 
on sequential modeling. This limitation reveals 
a  gap in  its broader applicability within credit 
scoring contexts. The challenge of  limited fea-
ture expressiveness in credit risk modeling was 
similarly addressed by  Hossain et  al. (2025), 
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who implemented a  multi-layer perceptron 
(MLP) in  conjunction with a  feature fusion 
strategy. Their model improves predictive ac-
curacy by  incorporating historical, behavioral, 
and statistical data. The absence of integrated 
explainability techniques raises concerns about 
model transparency and regulatory compli-
ance, despite the  performance gains. This 

suggests a  need for a  more profound fusion 
with interpretable AI methods in  tabular credit 
data scenarios.

1.1	 Review summary
Tab.  1 highlights that the  current research 
reveals substantial shortcomings in  the  inte-
gration of  dynamic, instance-specific feature 

Ref. Research  
problem Methods used Datasets Major findings Limitations

Nallakaruppan 
et al. (2024)

ML based credit 
risk assessment 

framework

Decision trees 
and random 

forests with SHAP 
and LIME for 
post-hoc XAI

Real-world credit 
risk dataset 

Transparent 
predictions with 

interpretable 
feature 

attributions

Traditional 
ML limits capacity 

to capture 
nonlinear 

relationships 
in credit data

Zhang et al. 
(2023)

Feature selection 
in credit risk

Static feature 
ranking Not specified

Highlights 
importance 
of borrower 

characteristics

Lacks instance-
based dynamic 

feature selection

Quan and Sun 
(2024)

Interaction 
modeling for risk 

prediction

Factorization 
machines

Behavioral and 
demographic data

Captures variable 
interactions

Limited focus 
on model 

explainability

Ullah et al. 
(2021)

Explainability for 
tabular DL

Layer-wise 
relevance 

propagation 
(LRP)

Not specified
Improved 

attribution over 
SHAP/LIME

Not integrated 
in financial 
DL models

Suryanto et al. 
(2022)

Cross-domain 
credit modeling

Transfer learning 
+ PSC

Source/target 
domain data

Adapts to domain 
shift

Lacks integration 
of explainable AI

Tavakoli et al. 
(2025)

Temporal DL for 
credit scoring

Fusion 
of DL models

CRSP, 
Compustat, 
Mergent and 

TRACE 

Sophisticated 
DL models not 

necessarily 
produce better 
performance

Lacks 
interpretability

Jemai 
and Zarrad 

(2023)

Feature 
engineering 

pipeline

Univariate 
+ recursive 

feature 
elimination

Retail banking 
credit data

Effective 
static feature 
identification

No per-instance 
feature relevance

Hjelkrem 
and De Lange 

(2023)

Explainable DL 
for credit

SHAP with deep 
models

Tabular credit 
datasets

Enables feature-
level explanation

No dynamic 
feature interaction 

modeling

Nwafor et al. 
(2024)

Automated credit 
decision making 

model using 
hybrid ML

Hybrid LSTM 
+ CNN with SHAP 

explainability

Time-series credit 
data 

Enhanced 
identification 
of high-risk 

borrowers utilizing 
spatial and 

temporal features

The model relies 
on sequential 

data and may lack 
generalizability 
to non-temporal 

or tabular 
datasets

Hossain et al. 
(2025)

Secured bank 
loan prediction 

system

Feature fusion 
with multi-layer 

perceptron (MLP)

Structured 
borrower profile 

dataset

Improved 
prediction 

accuracy via 
multi-view feature 

fusion

Lack of inherent 
explainability 

restricts 
interpretability for 
real-world usage

Source: own based on cited references

Tab. 1: Summary of related works
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selection, deep learning frameworks for tabular 
data, and multimodal explainability techniques. 
Recent improvements in  credit risk modeling 
have been studied through several methodolo-
gies, including classical machine learning pipe-
lines, deep learning models, and explainable AI 
(XAI) frameworks. Despite various techniques 
optimizing feature selection, predictive accu-
racy, and transparency, several methodological 
constraints still exist. Conventional models often 
inadequately represent nonlinear and dynamic 
interactions, while deep learning techniques 
frequently suffer from a  lack of  interpretability 
and contextual awareness. Some models incor-
porate post-hoc explainability techniques such 
as SHAP and LIME; however, these often are 
not fully incorporated into  the  model architec-
ture, hence limiting their real-time interpretive 
potential. Furthermore, temporal models and 
domain adaptation strategies showed potential; 
however, they encountered difficulties in  gen-
eralizing or  aligning with organized tabular 
data. The reviewed literature reveals a distinct 
deficiency in the creation of credit scoring sys-
tems that provide per-instance, dynamic, and 
domain-specific explainability while preserv-
ing superior prediction performance in  tabular, 
real-world datasets.

This paper presents a hybrid tabular deep 
learning model that encapsulates adaptive 
feature routing (AFR) with architecture-specific 
interpretability layers and a temporal drift-aware 
learning module to overcome existing method-
ological gaps. The AFR mechanism facilitates 
feature selection on  a  per-instance basis, 
improving predictive performance and local 
interpretability, while the incorporation of SHAP, 
attention mechanisms, and counterfactual rea-
soning guarantees model transparency at both 
global and local levels. Additionally, the  incor-
poration of  drift-aware components enables 
the  model to  maintain resilience against dy-
namic borrower behavior, that makes it highly 
appropriate for real-world, structured credit 
datasets where compliance, auditability, and 
interpretation are significant.

2	 Research methodology
2.1	 Problem formulation
Financial lending risk assessment can be con-
sidered as a binary classification task, aiming 
to estimate the likelihood of a loan applicant de-
faulting based on a defined collection of struc-
tured input variables. Designate the dataset as: 

D  =  {(x(i), y(i))} for  i  =  1  to  N; where: x(i) ∈ ℝd 
denotes the input feature vector for the  ith bor-
rower, and y(i) ∈ {0, 1} signifies the associated 
label indicating credit status (0  =  non-default, 
1 = default).

The aim is to acquire a predictive function:

f: ℝd → [0, 1]	 (1)

which correlates the  input features to  a  prob-
ability score ŷ(i), where:

ŷ(i) = f(x(i); θ)	 (2)

where: in this context, θ  represents the  train-
able parameters of the model.

The model is optimized by minimizing the bi-
nary cross-entropy loss throughout the dataset, 
expressed as:

�L = −(1/N) × Σ[y(i) × log ŷ(i) + 
+ (1 − y(i)) × log(1 −ŷ(i))]	 (3)

where: the summation runs from i = 1 to N.

To encapsulate the  varied behavioral pat-
terns of  borrowers and enhance regulatory 
transparency, the model must fulfill two essen-
tial criteria: (i)  it should adaptively concentrate 
on the most pertinent features for each individ-
ual case; and (ii)  it must provide interpretable 
outputs that substantiate predictions for loan 
officers, auditors, and end-users.

In  this study, we  develop an  innovative 
deep learning architecture that meets these 
requirements. It  integrates an adaptive feature 
routing mechanism for instance-specific feature 
importance learning, a hybrid encoder utilizing 
TabNet (Arik & Pfister, 2021) and FT-transform-
er (Huang et al., 2020), and a multimodal inter-
pretability framework for providing explanations 
through SHAP values (Lundberg & Lee, 2017), 
attention heatmaps (Qiang et  al., 2023), and 
counterfactual reasoning (Bhatt et  al., 2020). 
The model is also designed to be drift-aware, 
allowing it to  monitor and adapt to  temporal 
changes in  borrower behavior or  economic 
trends, so  maintaining the  long-term stability 
of the credit scoring system. 

2.2	 Hybrid model architecture
The  primary objective of  the  proposed frame-
work is to  enhance credit risk assessment’s 
interpretability and predictive performance. 
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It consists of three main components: (i) adap-
tive feature routing (AFR); (ii) a  dual-encoder 
design using TabNet and FT-transformer; and 
(iii) a fusion and prediction layer with attached 
explainability heads.

Let x ∈ ℝd be the feature vector. The adap-
tive feature routing module, represented as ℛ(·), 
calculates a relevance-weighted representation:

xr = ℛ(x) = a ⊙ x	 (4)

where: a ∈ [0, 1]d denotes attention the vector 
calculated as:

a = softmax(Wa x + Ba)	 (5)

Likewise, ⊙ denotes element-wise mul-
tiplication. This enables the  model to  rank 
features’ variably for each borrower, tailoring 
to specific contexts.

The routed input xr is then processed in par-
allel by two deep tabular learning encoders:
�� 𝓗_T(xr): a  TabNet block that employs 

sparse attention masks and decision pro-
cesses to acquire interpretable representa-
tions.

�� 𝓗_F(xr): a  FT-transformer block utilizing 
multi-head self-attention for the  simulation 
of feature interactions.
The outputs of both encoders are integrated 

by  a  learnable function 𝓗_fusion(·), such 
as concatenation or a feed-forward MLP, to get 
the final feature representation z:

z = 𝓗_fusion(𝓗_T(xr), 𝓗_F(xr))	 (6)

This representation is further transmitted 
through a  prediction layer utilizing sigmoid 
activation.

ŷ = σ(wTz + b)	 (7)

where: ŷ ∈ [0, 1] signifies the projected prob-
ability of default.

Fig. 1 illustrates the comprehensive model 
architecture, showcasing the  end-to-end pro-
gression from input features to  the  integrated 
output, accompanied by explainability modules.

2.3	 Adaptive feature routing
Classical feature selection techniques in tabular 
deep learning models usually rely on global key 
metrics or  fixed input transformations, which 
do not adequately reflect the dynamic borrow-
er-specific relevance in credit risk assessment. 
To mitigate this constraint, we present an adap-
tive feature routing (AFR) approach that allows 
the model to variably select or prioritize features 
for each input instance.

Consider the input vector be x ∈ ℝd, where: 
d  is the number of  input features. AFR  learns 
a feature relevance mask a ∈ [0, 1]d that signi-
fies the  importance of each feature for a spe-
cific borrower. This mask is derived through 
a lightweight attention-like mechanism:

a = softmax(Wa x + Ba)	 (8)

Fig. 1: Hybrid tabular deep learning architecture for explainable credit risk assessment

Source: own
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where: Wa ∈ ℝd×d and ba ∈ ℝd are parameters 
subject to  learning, and softmax(·) guarantees 
that the  attention weights total to  1, thereby 
imposing normalized relevance scores across 
features. The  input vector is subsequently di-
rected to the downstream encoders via an ele-
ment-wise gated interaction:

xr = a ⊙ x	 (9)

where: ⊙ signifies the  Hadamard (element-
wise) product (Ciaperoni et  al., 2024). This 
efficiently preserves features of greater signifi-
cance while diminishing the  influence of  less 
informative ones, customized for each case. 
The  routed input xr is concurrently transmitted 
to both the TabNet and FT-transformer encod-
ers, each acquiring complementary represen-
tations from the  chosen features. By  utilizing 
adaptively weighted inputs, the  model attains 
sensitivity to borrower-specific patterns essen-
tial for risk assessment tasks. 

Furthermore, AFR functions as a soft feature 
selector, enabling the  interpretability modules 
to  identify which factors impacted a  specific 
prediction – an essential necessity in regulated 
financial systems. In  contrast to  conventional 
models that provide fixed global feature impor-
tance, our AFR module facilitates local interpret-
ability with exceptional accuracy. Subsequent 
sections empirically illustrate that AFR enhances 
both predicted accuracy and interpretability 
by  facilitating dynamic, context-sensitive deci-
sion-making inside the deep learning framework.

2.4	 Multimodal interpretability
In  critical areas such as  credit risk assess-
ment, the capacity to explain model outcomes 
is equally vital as  attaining high predicted ac-
curacy (Dwivedi et al., 2022). To meet regula-
tory and practical interpretability standards, 
our model incorporates a  multimodal inter-
pretability module that offers supplementary 
insights through three unique methodologies: 
SHAP values, attention score visualization, and 
counterfactual explanation.

(i) SHAP-based attribution
Through the  application of  principles derived 
from cooperative game theory, SHAP (Shapley 
additive explanations) assigns a  contribution 
score to every input feature. 

For a prediction ŷ = f(x), SHAP decomposes 
it as:

f(x) = ϕ₀ + Σϕⱼ	 (10)

where: ϕⱼ  represents the  SHAP value for fea-
ture xⱼ, ϕ0 represents the expected model output 
across all inputs, and the aggregate of SHAP 
values explains the  deviation from the  aver-
age forecast. This method lets the credit officer 
determine how much every factor impacted 
a given application’s default or non-default.

(ii) Attention score visualization
The  AFR or  transformer-based encoders 
are used to  get the  attention scores. We  find 
the  standardized feature importance weights 
for each case by using the formula:

αⱼ = exp(eⱼ)/Σexp(ek)	 (11)

The  relevance score of  feature  xⱼ is given 
by  eⱼ, and the  standardized attention weight 
is given by αⱼ, which can be anywhere from 0 
to  1. These values are shown as  heatmaps 
or bar plots that show the most important parts 
of  the  decision path. This makes it easy for 
humans to  understand what the  model was 
focusing on. 

(iii) Counterfactual explanation
Counterfactual explanations address the prob-
lem at hand: “What minimal alteration in  input 
would reverse the prediction?” This is essential 
in  financial applications, as  applicants may 
seek to  comprehend the  qualifications for ob-
taining a loan.

We determine a perturbed input x′ such that:

�f(x′ ) ≠ f(x), with ‖x′ − x‖1  
minimized	

(12)

This optimization guarantees that the coun-
terfactual explanation proposes the  minimal 
necessary modification in  feature values 
to change the decision (e.g., increasing income 
or decreasing existing debt).

The  framework incorporates three modes 
of  interpretability, enabling both local (instance-
specific) and global (model-wide) understand-
ing of  predictions. This fulfills the  explainability 
guidelines set by regulatory authorities, increas-
es trust among financial analysts, and offers bor-
rowers clear, actionable feedback. Fig. 2 shows 
the multimodal interpretability among SHAP at-
tribution, attention heatmaps, and counterfactual 
explanation in the model’s primary pipeline.



204 2026, volume 29, issue 2, pp. 197–219, DOI: 10.15240/tul/001/2026-5-005

Finance

2.5	 Temporal drift awareness
In practical financial contexts, borrower actions, 
market dynamics, and credit risk records are 
prone to temporal fluctuations. The non-station-
arity of data is referred to as concept drift, which 
can substantially impair model performance 
if  inadequately addressed. The  proposed 
framework includes a temporal drift awareness 
(TDA) mechanism to  provide robustness and 
long-term reliability.

Feature distribution shift and label drift are 
monitored through the application of divergence 
metrics that compare the training data distribu-
tion Pt(x) with the  live input stream Pt+Δt(x). 
The Kullback-Leibler (KL) divergence is a  fre-
quently utilized metric, defined as follows:

�Dkl (Pt(x) ‖ Pt+Δt(x)) = ΣPt(x) × 
× log[Pt(x)/Pt+Δt(x)]	 (13)

When the divergence surpasses a specified 
threshold δ, a drift adaptation mechanism is ac-
tivated. This process may include re-weighting 
recent samples to  impact current predictions, 
retraining the  AFR and encoder layers using 
updated data windows, and adjusting SHAP 
baselines or  counterfactual ranges to  corre-
spond with new data behavior.

Define ft(x) as  the  model that has been 
trained at time t, and denote ft+Δt(x) as the modi-
fied version subsequent to the detection of drift. 
The  model undergoes dynamic updates as 
follows: 

ft+Δt(x) = Update(ft(x), Dt+Δt)	 (14)

In  this equation, Dt+Δt denotes a  buffer 
containing recent samples gathered over a slid-
ing window. This allows the  model to  monitor 
changing borrower behaviors while maintaining 
previous knowledge using methods like replay 
memory or elastic weight consolidation.

Integrating temporal drift awareness allows 
the model to predict accurately, objectively, and 
explainably during economic cycles and chang-
ing user behavior, which is critical for dynamic 
credit scoring systems.

3	 Experimental setup
The  proposed hybrid architecture offers 
a straightforward framework for evaluating credit 
risk in structured data contexts. The integration 
of adaptive feature routing with dual-path encod-
ing through TabNet and FT-transformer enables 
the model to identify borrower-specific patterns 
while maintaining predictive performance and 
transparency. The  incorporation of  multimodal 
interpretability and drift awareness mecha-
nisms guarantees the  model’s trustworthiness 
and reliability in dynamic conditions. This sec-
tion outlines the experimental setup employed 
to  validate the  proposed methodology using 
real-world credit datasets.

3.1	 Dataset description
We analyze the proposed hybrid tabular deep 
learning architecture for credit risk evaluation 

Fig. 2: Multimodal interpretability integration in the hybrid model

Source: own
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using the open-access “Give Me Some Credit” 
dataset from Kaggle (https://www.kaggle.
com/c/GiveMeSomeCredit) a recognized bench-
mark in  credit scoring research. This dataset 
has 150,000 instances, each corresponding 
to a distinct loan application, featuring 10 input 
attributes and 1 binary target variable.

Target variable: SeriousDlqin2yrs  ∈  {0,  1}, 
where:
�� 0 indicates the  borrower did not default 

in the next 2 years;
�� 1 indicates the borrower defaulted (i.e., was 

delinquent for 90+ days).
Input features include:

�� RevolvingUtilizationOfUnsecuredLines 
– credit card utilization ratio;

�� Age – age of the borrower in years;
�� NumberOfTime30-59DaysPastDueNot-

Worse – past due payments;
�� DebtRatio – total debt as a proportion of in-

come;
�� MonthlyIncome –  self-reported monthly 

income;
�� NumberOfOpenCreditLinesAndLoans – ac-

tive accounts;
�� NumberOfTimes90DaysLate –  serious de-

linquencies;
�� NumberRealEstateLoansOrLines – real es

tate accounts;
�� NumberOfTime60-89DaysPastDueNot-

Worse – past due behavior;
�� NumberOfDependents – number of depen-

dents claimed.
The  dataset has a  93% non-default (la-

bel  0) and 7%  default (label  1) imbalance 
of classes. This imbalance is perfect for testing 
machine learning models’ prediction accuracy, 
resilience, and fairness in imbalanced classifi-
cation tasks.

Its  tabular arrangement and extensive 
feature semantics make this dataset suitable 
for explainability methods like SHAP, attention 
scores, and counterfactual analysis. Since bor-
rower behavior patterns change over time, real-
world factors like income, credit history, and 
delinquent payments make it ideal for temporal 
drift evaluation.

3.2	 Preprocessing and splits
Develop strong credit risk models by  prepar-
ing data to  ensure its quality and applicability 
for analysis. Multiple preprocessing methods 
were used to  improve model performance on 
the “Give Me Some Credit” dataset.

The  initial exploration focused on  Month-
lyIncome and NumberOfDependents missing 
values. Missing items were imputed using 
the  median value of  the  available data for 
MonthlyIncome to  retain  the  central tendency 
without outliers. Credit risk modeling assumes 
that missing data indicates no dependents, 
hence NumberOfDependents was included 
with zero. We used percentile-based trimming 
on  DebtRatio and RevolvingUtilizationOfUn-
securedLines to  reduce extreme numbers. 
The  threshold has limited values exceeding 
the  99th percentile, thereby reducing outliers 
and enhancing model stability. All  numerical 
features were standardized to a mean of zero 
and a variance of one using Z-score normaliza-
tion. This scaling guarantees equal feature con-
tribution during model training and enhances 
convergence speed.

Stratified sampling was used to  partition 
the  dataset due to  its class imbalance, with 
7% default cases. This method keeps the class 
distribution the  same throughout training, 
validation, and test sets, making each subset 
representative (Szeghalmy & Fazekas, 2023). 
The  dataset was divided: 70%  for training, 
15% for validation, and 15% for testing, ensur-
ing effective model training, hyperparameter 
tuning, and unbiased performance evaluation. 
These preprocessing processes improved 
data quality and dependability, boosting 
credit risk prediction model performance and 
generalizability.

3.3	 Training and hyperparameter tuning
Developing a  robust deep learning model for 
credit risk assessment necessitates the  me-
ticulous selection of  hyperparameters and 
optimization strategies to  improve predictive 
performance. This study employed a  system-
atic approach for model training and hyperpa-
rameter tuning, as detailed below.

The  hybrid model combines TabNet and 
FT-transformer architectures to  efficiently cap-
ture feature interactions and sequential patterns 
in the data. TabNet employs sequential attention 
to  identify significant features, whereas FT-
transformer utilizes transformer-based encoders 
for tabular data, thereby improving the model’s 
ability to learn intricate relationships.

We  performed extensive hyperparameter 
tuning through a  combination of  grid search 
and random search methods to optimize model 
performance. The  primary hyperparameters 
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modified in this process were the learning rate, 
batch size, number of  attention heads, and 
the depth of the transformer layers. This method 
is consistent with established practices in ma-
chine learning, emphasizing the  importance 
of  systematic exploration of  hyperparameter 
spaces for effective model optimization (Hoque 
& Aljamaan, 2021).

The  model utilized the  Adam optimizer, 
starting with a learning rate of 0.001. The batch 
size of 1,024 was determined through empirical 
performance evaluation during the  tuning pro-
cess. Early stopping was employed to mitigate 
overfitting, with validation loss monitored and 
a patience threshold set at 10 epochs. Dropout 
regularization was implemented at a rate of 0.2 
to improve generalization.

Experiments were performed on a worksta-
tion featuring NVIDIA  RTX 3090  GPUs, em-
ploying PyTorch and TensorFlow frameworks 
for model implementation. Training durations 
differed based on the hyperparameter configu-
rations, typically spanning 2 to 4 hours for each 
model. Through careful adjustment of  hyper-
parameters and the  implementation of  effec-
tive training protocols, we  sought to  create 
a  model that attains high predictive accuracy 
while also demonstrating strong generalization 
to  new data, thus improving its applicability 
in real-world credit risk assessment contexts.

3.4	 Baseline models for comparison
In order to assess the efficacy of the proposed 
hybrid deep learning model, a comparison has 
been done with multiple established baseline 
models that are frequently utilized in credit scor-
ing applications. The methodologies encompass 
traditional statistical techniques, ensemble 
methods, and deep learning approaches. Logis-
tic regression (LR) functions as a  fundamental 
benchmark owing to  its straightforward nature 
and clarity in interpretation within financial sec-
tors. Decision trees (DT) offer a framework for 
rule-based learning, while Random forests (RF) 
enhance model robustness through ensemble 
methods. Both techniques are extensively 
utilized in  the  domain of  credit risk modeling. 
Gradient boosting machines (GBM), includ-
ing implementations such as  XGBoost and 
LightGBM, demonstrate robust performance 
in financial prediction tasks by optimizing loss 
functions via sequential learning (Liang et  al., 
2023). Support vector machines (SVM) are 
recognized for their efficiency in  managing 

high-dimensional classification tasks. In  con-
trast, neural networks (NN) provide deep fea-
ture representations that are adept at capturing 
nonlinear relationships within structured data. 
Recent developments have introduced hybrid 
approaches that integrate deep learning with 
tree-based models or statistical methods to le-
verage the strengths of multiple paradigms (Feng 
et  al., 2023; Zhu et  al., 2024). The  baselines 
collectively represent a wide range of modeling 
complexity and predictive capability, facilitating 
a thorough assessment of the proposed system 
across diverse comparative scenarios.

3.5	 Evaluation metrics
In order to assess the predictive performance 
of credit risk models, a set of established clas-
sification metrics is utilized. Precision measures 
the ratio of true positive predictions to the total 
number of  predicted positives, and it holds 
particular significance when the consequences 
of  false positives are substantial. Recall tells 
the  ratio of  correctly identified actual posi-
tives, which is essential for reducing the  likeli-
hood of missing true defaulters. The F1-score 
serves as  the  harmonic mean of  precision 
and recall, providing a  balanced metric that 
considers both false positives and false nega-
tives. The  area under the  receiver operating 
characteristic curve (AUC-ROC) evaluates 
the  model’s capacity to  differentiate between 
classes at  different thresholds, where values 
approaching  1 signify enhanced separability. 
The Gini coefficient, calculated using the formu-
la Gini = 2 × AUC − 1, is commonly employed 
in  credit scoring to  assess the  model’s ability 
to rank customers according to their risk levels. 
The  combination of  these metrics establishes 
a  thorough framework for assessing the  ac-
curacy and robustness of  predictive models 
within the realm of credit risk evaluation.

4	 Results and discussion
4.1	 Performance comparison 

with baselines
We examine the effectiveness of the proposed 
hybrid deep learning model for credit risk as-
sessment by  comparing its performance with 
several established baseline models. The mod-
els include logistic regression, decision tree, 
random forest, XGBoost, support vector ma-
chine, and a  standard neural network. These 
models have been widely utilized in  previous 
credit scoring research, providing a  variety 
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Model Accuracy Precision Recall F1-score AUC Gini
Logistic regression 0.767 0.871 0.832 0.808 0.728 0.728

Decision tree 0.710 0.856 0.808 0.827 0.704 0.875

Random forest 0.850 0.738 0.733 0.733 0.755 0.794

XGBoost 0.778 0.752 0.810 0.725 0.753 0.766

Support vector machine 0.782 0.841 0.736 0.793 0.807 0.708

Neural network 0.809 0.731 0.712 0.871 0.874 0.846

Proposed hybrid model 0.980 0.975 0.970 0.972 0.985 0.965

Source: experimental results

Tab. 2: Performance comparison across models

of  learning paradigms that include linear clas-
sifiers, deep learners, and ensemble methods.

Each model was trained on  identical train-
ing data and assessed using a  standardized 
set of  evaluation metrics: accuracy, precision, 
recall, F1-score, AUC (area under curve), 
and Gini coefficient. The  findings, illustrated 
in  Tab.  2, indicate the  comparative perfor-
mance of the proposed model against selected 
baseline models.

Fig.  3 presents a  heatmap that allows for 
a visual examination of the relative performance 
of models across all assessment criteria. Darker 
hues indicate enhanced performance per met-
ric. The proposed hybrid model demonstrates 
superior performance, consistently exceeding 

all baseline models across all evaluation met-
rics. The proposed framework attains an AUC 
of 0.985 and a Gini coefficient of 0.965, demon-
strating high classification accuracy and excep-
tional ability in  ranking borrower risk, which is 
essential for operational credit scoring systems 
of  financial management. The  model exhibits 
a  strong balance between precision (0.975) 
and recall (0.970), yielding a  high F1-score 
of  0.972. The  results confirm the  model’s ef-
fectiveness in reducing both false positives and 
false negatives, providing a reliable solution for 
large-scale credit risk assessment.

Fig.  4 illustrates the AUC-ROC curves for 
the proposed hybrid deep learning model along-
side six baseline models: logistic regression, 

Fig. 3: Performance comparison across models

Source: experimental results



208 2026, volume 29, issue 2, pp. 197–219, DOI: 10.15240/tul/001/2026-5-005

Finance

decision tree, random forest, XGBoost, support 
vector machine (SVM), and neural network. 
The curves demonstrate the model’s capacity 
to  differentiate between defaulters and non-
defaulters at different classification thresholds. 
With its curve approaching the top-left corner 
of  the  plot, indicating high sensitivity and 

specificity, the  proposed hybrid model shows 
outstanding classification performance, reach-
ing an AUC of 0.985. With an AUC of 0.874, 
the  neural network model displays strong 
performance, suggesting its ability to  ef-
ficiently learn complicated patterns. The sup-
port vector machine demonstrates effective 

Fig. 4: AUC-ROC curve comparison reflecting actual performance

Source: experimental results

Fig. 5: Cost-benefit curve comparison across all models

Source: experimental results
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performance with an AUC of  0.807, whereas 
random forest (AUC  =  0.755) and XGBoost 
(AUC = 0.753) exhibit moderate discriminative 
capabilities. Logistic regression (AUC = 0.728) 
and decision tree (AUC = 0.704) demonstrate 
basic separation capabilities; however, they 
are inadequate for more complex classifica-
tion tasks. The  observed patterns reinforce 
the  previously reported quantitative metrics 
and visually affirm the  proposed model’s en-
hanced classification capability.

Fig.  5 compares the  hybrid deep learning 
model’s cost-benefit analysis to  six standard 
models using predicted financial outcomes 
over different classification thresholds. This 
investigation helps stakeholders choose which 
credit risk model delivers the  most financially 
viable decision-making strategy under uncer-
tainty by translating prediction performance into 
economic impact.

A scatter plot is presented in Fig. 6, which 
illustrates the  statistical relationship between 
the F1-score and the Gini coefficient for each 
of  the models that were assessed. The devia-
tion shown here illustrates the equilibrium that 
exists between the reliability of classification and 
the discriminating ranking power. The proposed 

hybrid model is in  the  lead with the  greatest 
scores on  both measures, demonstrating 
that it not only correctly classifies defaults but 
also ranks clients in terms of credit risk in an ef-
ficient manner. While tree-based and linear 
models appear lower on both axes, other mod-
els, such as the neural network and the support 
vector machine, display performance that is 
comparable to that of the traditional models.

Fig. 7 provides a direct scatter plot compari-
son between the AUC (area under the  curve) 
and Gini coefficient for all models. This visual-
ization emphasizes how well each model can 
separate defaulters from non-defaulters while 
maintaining robust ranking consistency. As ex-
pected, the proposed hybrid model stands out 
in  the  top-right quadrant, demonstrating near-
perfect classification and ranking ability. Neural 
network and SVM models demonstrate superior 
performance, whereas Logistic Regression and 
decision tree exhibit reduced capacity in  both 
dimensions. This reflects the proposed model’s 
enhanced overall effectiveness in  credit 
risk prediction.

The  proposed hybrid model demonstra-
tes superior performance compared to  all 
other models across the  threshold spectrum, 

Fig. 6: F1-score vs. Gini coefficient across models

Source: experimental results
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resulting in the highest total profit. This results 
from its superior capacity to accurately classify 
defaulters and non-defaulters, thus reducing 
financial losses associated with false approvals 
and enhancing profits from accurate lending 
decisions. The neural network and SVM models 
demonstrate competitive profit trends, though 
they exhibit marginally lower peak values. Mod-
els like logistic regression and decision tree, 
despite their computational simplicity, exhibit 
restricted profitability and increased sensitivity 
to variations in thresholds. The initial quantita-
tive comparison confirms that the  proposed 
architecture offers substantial performance 
improvements compared to existing methods. 

4.2	 Explainability evaluation
The proposed hybrid model not only achieves 
high predictive performance but also looks after 
transparency and interpretability, which are es-
sential in real-world credit risk assessment. This 
section lays out a multimodal evaluation of ex-
plainability employing three complementary 
techniques: SHAP values, attention heatmaps, 
and counterfactual analysis. These methods in-
terpret not only the model’s predictions but also 

the  rationale behind them, thereby enhancing 
trust among domain experts, regulators, and 
loan officers.

SHAP-based feature attribution
The  SHAP, a  game-theoretic method that at-
tributes every prediction to  particular feature 
contributions. The lollipop chart in Fig. 8 shows 
the  top five characteristics with the  greatest 
average SHAP values. In line with actual credit 
scoring reasoning, the most powerful indicators 
are DebtRatio, MonthlyIncome, and Age. These 
characteristics of  the dataset have great attri-
bution scores, hence minor variations in  their 
values can greatly influence the  outcome 
of  the  model. This kind of  feature-level open-
ness lets financial analysts confirm whether 
the logic of the model matches domain knowl-
edge and lending policies.

 
Attention-based insights
Fig.  9 presents the  global feature attention 
weights acquired by the FT-transformer encoder, 
which is an  essential aspect of  the  proposed 
hybrid model. In  contrast to  SHAP values that 
deliver instance-specific explanations, attention 

Fig. 7: F1-score vs. Gini coefficient across models

Source: experimental results
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weights indicate the overall significance of  fea-
tures across all samples, thereby elucidating 
the  model’s focus during the  training process. 
DebtRatio and MonthlyIncome exhibit the high-
est attention weights, suggesting that the model 
significantly depends on  these variables for its 

credit risk predictions. Subsequently, Age and 
NumberOfDependents also  play a  significant 
role in  decision-making. Temporal delin-
quency indicators, such as NumberOfTime30-
59DaysPastDue, along with utilization metrics 
like RevolvingUtilizationOfUnsecuredLines, 

Fig. 8: Feature importance using SHAP values

Source: experimental results

Fig. 9: Global feature attention from FT-transformer encoder

Source: experimental results
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exhibit a  moderate influence, underscoring 
their significance in  the  assessment of  cre- 
ditworthiness. 

This distribution of  attention demonstrates 
domain knowledge and supports the openness 
of the model. Importantly, it informs stakehold-
ers that the  learnt representations fit well with 
well-established lending criteria. When coupled 
with SHAP values, these attention insights 
provide a strong dual-perspective explanation, 
both local (individual examples) and global 
(model-wide patterns).

Counterfactual reasoning
To further strengthen the  transparency and 
user-interpretable capabilities of  the proposed 
hybrid model, we  incorporated counterfactual 
analysis as  part of  the  explainability pipeline. 
This technique is designed to identify the mini-
mal set of  feature modifications that would re-
sult in a  change in  the model’s prediction, for 
example, from loan rejection to  loan approval. 
Counterfactual reasoning offers prescriptive 

insight, answering “What would need to change 
in this borrower’s profile for the decision to be 
different?”

The  interaction was simulated using intui-
tive, dashboard-style visualizations, as  shown 
in  Figs  10–11. Real borrower profiles were 
modified in  minor, realistic ways to  analyze 
the evolution of the prediction outcome. In both 
instances, the  initial profiles were categorized 
as  high-risk, exhibiting a  significant likelihood 
of  default. By  adjusting variables including 
Debt ratio, Monthly income, Number of depen-
dents, and minimizing payment delinquencies, 
the  model reclassified the  applicants as  low-
risk, resulting in a notable decrease in predicted 
risk scores. Fig. 10 illustrates an interface that 
utilizes a slider for the  interactive modification 
of  key features. The  system dynamically up-
dates the predicted risk score and the risk clas-
sification. Fig.  11  presents a  summary-based 
explanation format, detailing the final approved 
outcome alongside a  text box that specifies 
the changes that resulted in this decision shift.

Fig. 10: Counterfactual reasoning dashboard

Source: modeled explainable dashboard interface
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These simulated dashboards provide a blue-
print for deploying explainable AI in  real-world 
credit assessment platforms. They not only 
offer auditability and fairness in  decisions but 
also  empower users and decision-makers with 
clear, data-driven suggestions for improving loan 
eligibility. As  such, the  counterfactual module 
completes our proposed multimodal explainabil-
ity suite, supporting post-hoc interpretation, fea-
ture-level attribution, and actionable guidance.

4.3	 Performance comparision with recent 
literature

To analyze the  proposed framework in  com-
parison to  recent developments in  credit risk 
modeling, we  assess its performance and 
design characteristics against those of  seven 
peer-reviewed studies published in  the  recent 
three years. New attempts have integrated 
explainability tools into both classical and 
deep learning models. Nallakaruppan et  al. 
(2024) utilized SHAP and LIME on  decision 
trees and random forests classifiers, resulting 

in  interpretable predictions. However, their de-
pendence on classical models impaired their ca-
pacity to identify intricate nonlinear relationships 
in structured financial data, an issue addressed 
by  our hybrid architecture via deep feature 
representation and adaptive learning. Tavakoli 
et al. (2025) similarly incorporated deep learn-
ing models within a temporal design, noting that 
elevated model complexity did not consistently 
lead to improved performance. In contrast, our 
model integrates temporal awareness via drift 
detection and consistently demonstrates supe-
rior performance (AUC = 0.985, Gini = 0.965) 
across all evaluation metrics.

A  study by  Nwafor et  al. (2024)) revealed 
enhancements achieved by  CNN-LSTM com-
binations utilizing SHAP for post-hoc explain-
ability. The dependence on sequential features 
hinders their functionality to  general-purpose 
tabular datasets. Our  methodology resolves 
this by  integrating instance-wise adaptive fea-
ture routing (AFR), enabling dynamic feature 
ranking in  non-temporal datasets. Hossain 

Fig. 11: Summary-based counterfactual explanation

Source: modeled explainable dashboard interface
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et  al. (2025) put upon a  feature fusion model 
using multi level perceptron, demonstrating 
enhanced accuracy while providing limited 
explainability. Our model facilitates this by inte-
grating performance with explainability via com-
bined attention maps, SHAP-based attribution, 
and counterfactual reasoning.

Moreover, although Hielkrem and De Lange 
(2023) attained feature-level explainability 
through SHAP in  deep learning  models, their 
framework was deficient in  dynamic feature 
interactions. Our  methodology addresses 
this deficiency by  incorporating AFR and 
architecture-aware interpretability within both 
the  TabNet and FT-transformer components. 
Zhang et  al. (2023) and Jemai and  Zarrad 
(2023) analyzed static and recursive feature 
engineering pipelines that facilitate feature 
selection; nonetheless, their lack of  instance-
specific adaptation weakens their efficacy 
in heterogeneous borrower population groups. 
Our  approach, conversely, learns relevant 

features  dynamically, facilitating precise risk 
rating. Interaction modeling through factoriza-
tion machines, as analyzed by Quan and Sun 
(2024), offers potential for uncovering latent 
interactions; however, it  lacks sufficient post-
hoc explainability, which is crucial for regulatory 
compliance. Our system uniquely incorporates 
interaction modeling with explainable  ele-
ments, attaining both prediction  accuracy  and 
interactive interpretations.

Tab.  3 provides a  quantitative analysis 
of the performances of the benchmarked credit 
scoring studies relative to  the proposed frame-
work. The table demonstrates that the proposed 
hybrid framework outperforms recent models 
across all key metrics, including AUC, F1-score, 
and Gini coefficient. This approach uniquely 
integrates multimodal interpretability features, 
addressing identified gaps in predictive perfor-
mance and explainability within  the  literature. 
Existing approaches address multiple facets 
of  predictive performance and interpretability; 

however, they frequently lack an adequate so-
lution to  suit high-stakes financial contexts. 
Our proposed framework brings together high 
predictive accuracy with per-instance inter-
pretability, awareness of  temporal drift, and 
multimodal explanation mechanisms, which 
include SHAP-based attributions, attention vi-
sualization, and counterfactual reasoning. This 
comprehensive strategy enhances technical 

capabilities while aligning with essential finan-
cial requirements, including regulatory compli-
ance, risk transparency, and stakeholder trust. 
The framework facilitates transparent and audit-
able decision-making for individual borrowers, 
thereby promoting more balanced lending prac-
tices and enhancing portfolio risk management, 
which effectively addresses the  fundamental 
limitations identified in recent literature.

Ref. Model type AUC F1-score Gini Explainability
Nallakaruppan et al. 

(2024) RF with SHAP/LIME 0.79 0.75 0.58 SHAP, LIME

Tavakoli et al. (2025) DL based fusion 0.85 0.81 0.68 Not integrated

Nwafor et al. (2024) CNN, LSTM, SHAP 0.91 0.86 0.82 SHAP

Hossain et al. (2025) MLP, feature fusion 0.88 0.83 0.74 Not integrated

Hielkrem and De Lange 
(2023) DL, SHAP 0.87 0.84 0.73 SHAP

Zhang et al. (2023) Feature ranking 0.80 0.77 0.62 Not integrated

Quan and Sun (2024) FM 0.83 0.78 0.65 Not integrated

Proposed model Hybrid TabDL, 
AFR and XAI 0.99 0.97 0.97

SHAP, attention, 
counterfactual, 

AFR
Source: own based on cited references with experimental results

Tab. 3: Comparative performance of the proposed model with recent credit scoring 
studies
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4.4	 Practical implications for financial 
institutions

The proposed explainable credit scoring frame-
work provides practical advantages for bank 
managers and risk officers involved in  lending 
decisions and regulatory compliance. The  in-
corporation of  SHAP-based explanations, at-
tention maps, and counterfactual reasoning 
allows managers to  justify credit decisions 

transparently, convey risks to clients, and identi-
fy potential biases in model behavior. Monitoring 
temporal drift facilitates strategic recalibration 
over time, particularly in response to economic 
fluctuations or  policy alterations. These tools 
enable managers to  trust model outputs and 
to intervene effectively in high-stakes decisions. 
The  managerial action checklist is presented 
in Tab. 4 for effective implementation.

4.5	 Ethical and fairness considerations
With the  growing adoption of  AI-driven mod-
els in  regulated financial sectors, it  is crucial 
to  maintain a  balance between predictive ac-
curacy and the principles of fairness, transpar-
ency, and accountability. Credit scoring models, 
when developed using historical data, may un-
intentionally acquire and perpetuate biases in-
herent in the dataset. This may lead to unequal 
effects on protected groups (e.g., race, gender, 
or  age), even when these characteristics are 
not explicitly incorporated as features.

This study addresses ethical considerations 
through various safeguards. The  implementa-
tion of explainability modules, including SHAP, 
attention heatmaps, and counterfactual reason-
ing, facilitates post-hoc auditing of specific pre-
dictions. These tools assist stakeholders, such 
as regulators and applicants, in comprehending 
the  rationale and process behind a  particular 

credit decision. Counterfactual explanations 
indicate model behavior and suggest action-
able changes to enhance an applicant’s score, 
thereby promoting transparency and empower-
ment instead of opacity.

The  incorporation of  a  temporal drift 
awareness module contributes to  fairness 
by  detecting performance degradation or  be-
havioral changes over time, which may indicate 
systemic bias or  model obsolescence. This 
proactive monitoring facilitates the  regular 
recalibration of the model in response to varia-
tions in  the  applicant population or  external 
economic conditions.

We  realize the  significance of  fairness-
aware training techniques, which are develop-
ing as complementary methods to reduce bias. 
Although these methods fall outside the current 
study’s scope, subsequent research may inte-
grate fairness metrics (e.g., demographic parity, 

Step Action for bank managers

1. Review model outputs Use the SHAP feature importance scores to understand the primary 
drivers of credit decisions for individual applicants.

2. Use counterfactuals 
to guide applicants

Identify what minimal changes (e.g., reduce debt ratio, increase income) 
would improve an applicant’s creditworthiness. Share actionable 
suggestions with clients.

3. Audit decisions for 
fairness

Regularly inspect attention maps and SHAP summaries to detect 
potential biases across demographic groups or financial profiles.

4. Monitor temporal drift
Review temporal drift reports quarterly to assess if model performance 
degrades over time or under new economic conditions. Trigger retraining 
if needed.

5. Support regulatory 
documentation

Archive local/global explanation reports for each decision to meet audit 
and compliance reporting standards (e.g., Fair Lending, GDPR).

6. Incorporate 
explainability in risk 

policy

Use aggregated interpretability insights to adjust credit policy thresholds 
or reconsider weightings for key borrower attributes.

Source: own

Tab. 4: Managerial action checklist
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equal opportunity) and debiasing algorithms 
to enhance the model’s alignment with ethical 
guidelines and regulatory standards, includ-
ing the  EU AI Act and Fair  Lending practices 
in the United States.

Conclusions
The  research paper on  financial manage-
ment proposed an  innovative and explicable 
credit risk assessment system utilizing a hybrid 
tabular deep learning architecture that inte-
grates TabNet and FT-transformer, augmented 
by adaptive feature routing and enabling mul-
timodal interpretability. The  research problem 
of  attaining high accuracy in  credit scoring 
while maintaining transparency and fairness 
has been successfully resolved. The proposed 
methodology successfully surpassed baseline 
models across many evaluation parameters, 
attaining an AUC of  0.985 and exhibiting sig-
nificant cost-benefit efficiency in financial terms. 
The research questions have been addressed 
adequately. The  first research question, on 
the  efficacy of  tabular deep learning models 
in  financial risk prediction, was validated by 
the higher performance of our hybrid architec-
ture. The second question, related to explain-
ability, was addressed through the  integration 
of SHAP values, attention-based analysis, and 
counterfactual reasoning, all of which provided 
both local and global interpretability. Finally, 
the  third question, focusing on the  robust-
ness of  predictive outcomes under feature 
dynamics and user variation, was answered 
via an  in-depth explainability framework and 
scenario-based analysis. In doing so, this work 
has also  filled several notable research gaps. 
It  bridged the  divide between accuracy and 
interpretability in  tabular models, integrated 
multiple forms of  explanation into a  single 
framework, and introduced a  dynamic routing 
mechanism tailored to instance-wise feature in-
fluence, an innovation not yet standard in credit 
risk modeling literature.

This study provides a strong foundation for 
future research in  intelligent decision-making 
within the financial domain. The model’s real-
time deployment within digital lending plat-
forms, the integration of temporal credit history 
for time-series reasoning, and fairness-aware 
credit modeling that adjusts based on  appli-
cant demographics and socioeconomic pro-
files are included. Another future prospect is 
the incorporation of reinforcement learning for 

continuous feedback-based model adaptation, 
which may enhance the system’s self-optimi-
zation and alignment with evolving financial 
regulations. This study presents an  effec-
tive and interpretable approach to  credit risk 
modelling, establishing a  basis for the  wider 
implementation of  explainable  AI in  regu-
lated and high-stakes sectors. The  proposed 
framework is applicable to  various decision-
critical environments, including healthcare 
(e.g., clinical decision support), insurance un-
derwriting, fraud detection, and cybersecurity, 
where transparency, accountability, and trust 
in AI systems are vital.
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Appendix

Term Definition

TabNet
A deep learning architecture specifically designed for tabular data. 
It uses sequential attention to select relevant features dynamically 
at each decision step.

FT-transformer
Feature tokenizer transformer, a transformer-based model adapted for 
tabular data. It converts numerical and categorical features into tokens 
and applies self-attention to learn dependencies between them.

Adaptive feature routing 
(AFR)

A custom mechanism designed in this study to dynamically route 
salient features for each instance, enhancing personalized and 
context-aware representation learning.

SHAP (Shapley additive 
explanations)

A post-hoc explainability technique based on game theory that assigns 
each feature an importance value for a particular prediction.

Attention mechanism

A neural network component that enables the model to focus on 
the most relevant parts of the input when making predictions. In this 
study, it helps interpret which features contribute most to each 
decision.

Counterfactual reasoning
An explainability method that shows what minimal changes in input 
features would alter a model’s prediction. Useful for identifying 
actionable recommendations (e.g., increase income, reduce debt).

Temporal drift awareness
A module in the proposed model that monitors changes in feature 
distributions over time, ensuring model robustness against evolving 
borrower behaviors.

Explainability dashboard
A visual tool developed in this study that integrates SHAP values, 
attention heatmaps, and counterfactual simulations to provide human-
understandable explanations of credit scoring outcomes.

Source: own

Tab. A1: Definitions of terms
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Introduction
The exchange rate is defined as the local cur-
rency’s value in  terms of  another currency. 
It  is an  essential variable for national and in-
ternational politicians, planners, and investors. 
The exchange rate is one of the vital parameters 
to  determine the  competitiveness of  countries 
at the international level. It determines the po-
litical and economic position of  the  countries. 
To  control and supervise the  exchange rate 
as  the  monetary authority, the  exchange rate 
movements are an  extreme concern by  poli-
cymakers of  a  government (Kartono et  al., 
2021). Besides to  save benefits and reduce 
investment risks, the exchange rate variations 
is an essential factor for companies, banks, and 
other institutions (Jena et al., 2015).

Prediction is one of the basic political tools 
in  various sciences. Predicting the  exchange 
rate stabilizes a country’s economic and fiscal 
policies and reduces investment risk. Hence, 
exchange rate prediction has great significance. 
After the collapse of the Bretton Woods system, 
exchange-rate determination and forecasting 
became central topics in  international finance. 
In  international economics and finance, the 
difficulty in  the  prediction of  exchange rate 
has been a  longstanding problem (Ren et al., 
2021). In the initial efforts to predict exchange 
rates, it  is assumed that the  data are corre-
lated and linear in nature. But empirically, it  is 
shown that the  foreign exchange rate market, 
as  one of  the  essential financial markets, is 
often non-stationary, noisy and chaotic (Wang 
et al., 2021).

Exchange rate forecasting has been the fo-
cus of  many policymakers, economists and 
investors. Various studies have been conducted 
in the field of exchange rate forecasting to the ex-
tent that one of the mysteries of the international 
economy is the  predictability of  the  exchange 
rate. In the last decade, economic models, espe-
cially monetary models, have been thought to be 
the tools of exchange rate forecasting. The poor 
performance of  these models in predicting ex-
change rates and the weak support of empirical 
studies for those skeptics in the past led to seri-
ous concerns about its usefulness. 

Technical analysis, sentiment analysis, and 
fundamental analysis are the exciting exchange 
rate forecasting approaches. Technical analysis 
uses historical data and is the  most popular 
method among investors and traders. Also, 
there are two different techniques to  forecast 

exchange rates. Conventional mathematical 
programming, statistical extrapolations, and 
econometrics-based methods are among 
the first category models and are called the tra-
ditional techniques. The  second technique is 
the  modern one involving soft computing and 
artificial neural networks (Adekoya et al., 2021). 
In  forecasting exchange rates using historical 
data, the high accuracy of  the  soft computing 
models, such as  fuzzy inference and neural 
networks, metaheuristic algorithms, and sup-
port vector machines, is  confirmed in  most 
of the research (Nti et al., 2019). The remainder 
of this paper is structured as follows. Section 1 
presents a comprehensive literature review, fol-
lowed by two subsections discussing the moti-
vations for the study and the identified research 
gaps. Section  2 describes the  materials and 
methods employed in  the  development and 
implementation of the LSTM-based forecasting 
framework. Section 3 reports the empirical re-
sults and evaluation metrics. Section 4 provides 
a  comparative discussion of  the  proposed 
model’s advantages and limitations in  relation 
to  alternative approaches. The last section 
concludes the paper with key findings and sug-
gestions for future research.

1	 Literature review
Because exchange rate forecasting significantly 
impacts important facets of the economy, such 
as the creation of economic policies, the dynam-
ics of  international trade, investment choices, 
and financial risk management, it has attracted 
much attention from academics. The  complex 
and constantly changing nature of  foreign ex-
change markets is reflected in  the  numerous 
studies that have examined different methods 
for forecasting changes in  exchange rates. 
The  autoregressive integrated moving aver-
age (ARIMA), structural vector autoregression 
(SVAR), forgetting factor vector auto-regression 
(FFVAR), partial least squares structural equa-
tion modeling (PLS-SEM), and multivariate 
GARCH are just a few of the time-series mod-
els that researchers have historically used. 
Forecasting frameworks have benefited from 
the insights these models have offered (Abbate 
& Marcellino, 2018; Adusei & Gyapong, 2017; 
Appiah &  Adetunde, 2011; Ayekple et  al., 
2015; Bulut, 2018; Forbes et  al., 2018; Ghar-
leghi et  al., 2014; Nortey et  al., 2015; Nyoni, 
2018). However, these approaches often fall 
short despite their methodological strengths 
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due to  restrictive statistical assumptions and 
a  lack of  flexibility in  modeling the  complexi-
ties of  non-linear and highly volatile financial 
data. In  response to  these challenges, schol-
ars have increasingly explored the  potential 
of  soft computing techniques, with artificial 
neural networks (ANN) emerging as  practical 
tools for enhancing the accuracy of exchange 
rate forecasts. Several empirical studies have 
demonstrated that more advanced models, 
such as adaptive neuro-fuzzy inference system 
(ANFIS) and  ANN, consistently outperform 
conventional econometric techniques like 
ARIMA and GARCH (Dhamija & Bhalla, 2010; 
He et al.,2010; Nunian et al., 2020). These find-
ings underscore the capability of neural network 
models to manage the complexities and noise 
inherent in financial data. As the field has ma-
tured, researchers have begun to adopt more 
sophisticated deep learning architectures, mov-
ing beyond simpler ANN  frameworks. Notable 
advancements include integrating deep belief 
networks, hybrid optimization algorithms, and 
higher-order neural networks to achieve greater 
forecast precision (Dash, 2018; Tiong et  al., 
2013; Yu et al., 2007; Zheng et al., 2019). In par-
ticular, the  emergence of  convolutional neural 
networks (CNN), gated recurrent units (GRU), 
and especially long short-term memory (LSTM) 
networks has marked a significant turning point. 
These advanced models excel in  identifying 
long-term temporal patterns and sequential 
dependencies within time series data (Adekoya 
et al., 2021; Islam & Hossain, 2021). Research 
demonstrates that LSTM-based models can 
achieve higher predictive accuracy across 
various currency pairs. For example, Adekoya 
et al. (2021) found that the LSTM model signifi-
cantly outperformed support vector regressors 
and conventional neural networks in  predict-
ing the  Ghanaian  cedi. Similarly, Islam and 
Hossain (2021) achieved successful forecasts 
for USD/CAD and EUR/USD  exchange rates 
using a  hybrid GRU-LSTM approach. Recent 
studies have refined these techniques, incor-
porating new methodologies such as temporal 
convolutional networks (Chen et al., 2023) and 
attention-based mechanisms (Ghahremani 
& Nguyen, 2025; Karakaya & Ghorbani, 2020), 
which augment the effectiveness of LSTM mod-
els in  exchange rate forecasting. Capitalizing 
on these advancements, ongoing research into 
soft computing models, particularly those em-
ploying LSTM, remains a promising and vibrant 

area of  exploration. Despite their potential, 
LSTM models necessitate substantial datasets 
and considerable computational resources, 
which can limit their applicability in specific sce-
narios. Given the critical role of major currency 
pairs, such as EUR/USD, GBP/USD, USD/TRY, 
and USD/JPY, in international trade and finan-
cial markets, they present fascinating opportuni-
ties for forecasting research. While the efficacy 
of LSTM models has been the subject of much 
investigation, there remains a  notable gap 
in understanding their performance with highly 
volatile currency pairs like USD/TRY. Therefore, 
the current study sets out to rigorously evaluate 
the effectiveness of the LSTM model in predict-
ing these significant currency pairs. This evalua-
tion will utilize historical data and a combination 
of  robust statistical and graphical assessment 
techniques, including root mean square er-
ror (RMSE), mean absolute error (MAE), and 
detailed time series plots, to  comprehensively 
understand the model’s predictive capabilities.

1.1	 Motivations for research
The  rising volatility and sophistication of  in-
ternational financial markets have immensely 
stimulated the demand for effective exchange 
rate forecasting instruments. Since exchange 
rates are key determinants of the international 
competitiveness of  economies, their volatility 
has a direct impact on  trade balances, capital 
flows, investment, and monetary policy. Clas-
sical models of  forecasting, although having 
been the prevalent ones for a  long time, have 
had limited potential to  deal with non-linearity 
and the chaotic nature of exchange rate volatil-
ity. This has provided strong motivation among 
researchers and practitioners to  look for more 
advanced methodologies that can deal with 
intricate temporal relations. Advances in deep 
learning during recent times, especially the ad-
vent of  LSTM  networks, provide promising 
techniques for modeling financial time series. 
LSTM’s  superiority over baseline and shallow 
learning techniques has been validated in a va-
riety of environments, yet additional verification 
is necessary for different currencies and time 
scales. Most importantly, research like that 
of Adekoya et al. (2021) and Islam and Hossain 
(2021) has proved the  feasibility of  LSTM  for 
exchange rate modeling with improved accu-
racy and stability. However, these models have 
to be implemented on a larger sample of major 
currencies and compared based on numerical 
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as well as graphical approaches. This research 
is motivated by the  fact that LSTM can be 
a  stable and scalable approach to  exchange 
rate prediction. It  particularly targets the  most 
liquid currency pairs (EUR/USD, GBP/USD, 
USD/TRY, and USD/JPY) of  high significance 
in  international financial systems. Additionally, 
the  use of  state-of-the-art visualization tools, 
such as  violin plots and relative error plots, 
in model performance measurement introduces 
an interpretability aspect that is usually lacking 
in purely quantitative evaluations. All these mo-
tivations together power the present work and 
guide its methodological and empirical course.

1.2	 Research gap
While much progress in the application of deep 
learning methods for financial forecasting has 
been achieved, some of  the  most significant 
gaps have yet  to  be addressed in  the  litera-
ture. One  such  gap is in  the  generalizability 
of the forecasting models. Much of the literature 
has experimented with a  small subset of  cur-
rencies or short time frames, with short intervals 
or  high-frequency data. This limits the  useful-
ness of  such  models to  pure economic and 
policy applications where medium- to long-term 
predictions are of greater worth. One other limi-
tation lies in the complexity of numerous hybrid 
and ensemble prediction models. Although 
these kinds of  models can enhance accuracy 
in certain instances, their costliness and com-
plexity in  terms of  computation render them 
less fitting for real-time use or incorporation into 
decision-support systems. On  the other hand, 
a  streamlined LSTM-based approach with 
comparable accuracy but reduced complexity 
is of  greater practical value. Second, there is 
limited research that integrates comprehen-
sive graphical performance diagnostics along 
with conventional error metrics. Graphs such 
as violin plots, scatter plots, and relative error 
plots not only complement quantitative metrics 
but also  provide visual confirmation of  model 
behavior and stability of  predictions even 
in  turbulent periods. Finally, there is a  limited 
large-scale empirical comparison of LSTM per-
formance across a range of structurally different 
currency pairs. There are few studies that have 
also examined currencies from different regions 
and economic standings together, i.e.,  the no-
toriously volatile Turkish lira compared 
to  relatively stable ones like the  yen or  euro. 
This deficiency limits our knowledge in  terms 

of  deep learning models’ performance across 
different market structures. The  present study 
seeks to bridge these research gaps and uses 
one LSTM-based forecasting model for four 
of the most liquid exchange rates. It evaluates 
performance based on a balanced combination 
of numerical and graphical measures, thereby 
contributing to  both methodological novelty 
as well as practical applicability in  the domain 
of exchange rate forecasting. In the remainder 
of  this paper, this study implements the  sug-
gested framework empirically, bridging the limi-
tations of the literature and showing the efficacy 
of  LSTM in  medium-term, multi-currency ex-
change rate forecasting.

2	 Material and methods
2.1	 Long short-term memory neural 

network
Deep learning, a  subset of  machine learning, 
enables machines to mimic human-like thinking 
and behavior. It  utilizes a series of algorithms 
designed to  capture and represent complex, 
high-level abstractions within datasets. This is 
achieved through deep architectures composed 
of  multiple layers, each applying non-linear 
transformations to  the  data. Numerous deep 
learning architectures, such as  recurrent neu-
ral networks (RNNs), deep neural networks 
(DNNs), long short-term memory (LSTM) 
networks, and convolutional neural networks 
(CNNs) have been developed and refined 
in various applications to replace conventional 
signal processing methods with more advanced 
techniques (Park et al., 2019).

Introduced by  Hochreiter and Schmidhu-
ber (1997), long short-term memory (LSTM) 
is  a  specialized recurrent neural network 
designed to  learn long-range temporal depen-
dencies by mitigating vanishing and exploding 
gradients through a gated memory cell. In con-
trast to  a  vanilla  RNN that applies a  single 
recurrent transformation, an  LSTM block 
comprises a cell state and three multiplicative 
gates input (update), forget, and output that 
regulate the flow of information. The input gate 
governs whether new candidate information is 
written to memory; the  forget gate determines 
how much of  the  previous cell content is 
retained; and the output gate exposes the ap-
propriate portion of  the  cell state as  the  hid-
den state. This richer architecture increases 
the  parameter count and computational cost 
relative to  simple  RNNs, yet  it enables more 
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effective modeling of  long-term temporal 
structure (Cai et al., 2020; Salman et al., 2018; 
Stanimirović et al., 2024).

For  model development, the  dataset is 
partitioned into training and testing subsets, 
where: the  former supports parameter learn-
ing and the  latter provides an  unbiased as-
sessment of  predictive performance. Core 
hyperparameters such as the number of hidden 
layers, the width of each layer (neurons), batch 
size, learning rate, and the maximum number 
of  epochs are selected a  priori or  tuned via 
systematic search procedures (e.g., grid or ran-
dom search). Within  the  LSTM  architecture, 
gate activations and associated weights are 
optimized iteratively through backpropagation 
through time, with updates continuing until 
the epoch limit  is reached or predefined error 
and validation criteria indicate convergence 
(Cai  et  al., 2020; Cho  et  al., 2020; Salman 
et al., 2018; Zahroh et al., 2019). Implementa-
tion details for reproducibility. The  proposed 
LSTM was implemented in  Python using 
a  standard deep-learning stack (TensorFlow/
Keras). Each currency series was converted 
into supervised-learning samples using a slid-
ing window of  length  30, where: the  input 
at time t contains the previous 30 observations 
and the  target is the  next-step exchange-rate 
level. Scaling/normalization parameters were 

estimated using the training segment only and 
then applied unchanged to the validation (within 
training) and test segments to prevent informa-
tion leakage. The network architecture consisted 
of  a  single LSTM  layer with 64  hidden units, 
followed by a fully connected (dense) layer with 
a linear output. Regularization was applied using 
dropout (0.20); recurrent dropout was not used 
(0.00). The model was trained using the Adam 
optimizer (learning rate  0.001) with batch 
size  64 for up to  200  epochs; early stopping 
monitored the  validation loss with patience  15 
and restored the best-performing weights. To fa-
cilitate replication, experiments were run with 
a fixed random seed (42) and the software and 
hardware environment were recorded (OS: Win-
dows 10/11 64-bit, CPU: x86_64, GPU: not used, 
library versions: Python 3.10, NumPy 1.24, Ten-
sorFlow 2.13, Keras 2.13).

Fig. 1 shows the architecture of the LSTM lay-
ers, where: X presents a time series with C chan-
nels and S length; ht is the output or hidden state; 
and Ct shows the cell state at time step t (Math-
Works, 2020b). To calculate the initial input and 
output state, the first LSTM is utilized in the early 
state of  the  network and the  first-time step 
of the series. The next time step of the sequence 
and the  current state of  the  network (ct−1,  ht−1) 
in  the current block at  time  t is implemented 
to calculate the input cell state and output (ct).

Fig. 1: LSTM layer architecture

Source: MathWorks (2020a)
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These three matrices can be shown as:

	

(1)

where: o  is the output gate; f presents the for-
get gate; g is the cell candidate; i shows the in-
put gate. At  time step  t, the  cell state Ct, and 
the hidden state ht can be shown as:

Ct = f t ʘ Ct−1 + it ʘ gt	 (2)

ht = ot ʘ σc (Ct )	 (3)

where: ʘ presents the element-wise multiplica-
tion of  vectors (Hadamard product); σc shows 
the  state activation function. For the  LSTM, 
by  default, the  hyperbolic tangent function is 
implemented to  capture the  state activation 

function. At  time step  t, the  components 
of the LSTM can be shown as (Cho et al., 2020):

it = σg (Wi xt + Riht−1 + bi )	 (4)

fg = σg (Wf xt + Rf ht−1 + bf )	 (5)

gt = σc (Wg xt + Rg ht−1 + bg )	 (6)
 
ot = σg (Wo xt + Roht −1 + bo )	 (7)

where: the  gate activation function is shown 
by  σg. To  calculate the  gate activation func-
tion in the LSTM, the sigmoid function is used, 
which can be shown as:

σ(x) = (1 + e–x )–1	 (8)

2.2	 Measures of accuracy
To  evaluate the  performance of  the  models 
in  training, validation, and testing data sets, 

The state of the layer consists of cell state 
and hidden (output) state. The  output state 
involves the output of  the LSTM  layer at  time 
step  t. The  cell state involves information ob-
tained from previous steps. The task of remov-
ing or adding information at any time step from 
the cell state is the  responsibility of  the  layer. 
These updates are controlled by gates. Various 
ingredients of  the LSTM architecture are used 
to control cell state and hidden state. The level 
of cell state reset is explored by forget gate (f), 
the  level of  cell state subjoined to  the  out-
put state is checked by  output gate  (o), cell 

candidate (g) adds information to the cell state, 
and the  level of  cell state update is explored 
by input or update gate (i).

Data flow is described at  time step  t 
in Fig. 2, where one can visualize these opera-
tions of the LSTM gates in its managing of hid-
den and cell states  by means of  the  output, 
update and forget operations. Every single 
layer has three learnable parameters: those are 
input  weights  (W), recurrent weights  (R), and 
biases (b). The matrices R, W, and  the vector b 
are the recurrent weight, input weights and bias 
for each gate part.

Fig. 2: The flow of data at time step t

Source: Cho et al. (2020)
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3	 Results
Building on recent progress in soft computing, 
this study designs and assesses a deep learn-
ing framework based on long short-term memo-
ry (LSTM) networks to forecast exchange rates. 
The  assessment employs quantitative perfor-
mance metrics and examines daily observa-
tions for four major currency pairs (EUR/USD, 
GBP/USD, USD/TRY, and USD/JPY) spanning 
from 1  January 2010 to  31  December 2021. 
To enhance predictive accuracy, the input win-
dow (lag length) was tuned to the configuration 

yielding the  strongest results. The  data were 
split validation design and leakage prevention. 
As  summarized in  Tab.  2, the  sample is split 
chronologically into training and held-out testing 
segments using an 80/20 proportion. To ensure 
a  leakage-safe evaluation, all preprocessing 
steps (including scaling) are fit exclusively on 
the  training segment and then applied to vali-
dation and test segments using the  training 
parameters only. Hyperparameter selection, 
including the input window length, is conducted 
via rolling-origin validation within  the  training 

several criteria are used, including the RMSE, 
the Nash and Sutcliffe (NSE), R, and the RMSE 
to observation standard deviation ratio (RSR), 

which are defined in  Equations  (9–12). 
The NSE and RSR results were analyzed ac-
cording to Tab. 1.

               	

(9)

               	
(10)

               	
(11)

               	

(12)

where: in Equations (9–12), ERo,i and ERp,i – observational and simulated data of exchange rate, 
respectively; N  is  the number of samples; ERo and ERp are the means of  the observational and 
simulated data, respectively. Besides the aforementioned statistical criteria, current paper utilizes 
violin plot too, that is between the prevalent graphic approach implemented for visual comparison 
of the performance of models. 

Performance rating RSR NSE

Very good 0.00 ≤ RSR ≤ 0.50 0.75 < NSE ≤ 1.00

Good 0.50 < RSR ≤ 0.60 0.65 < NSE ≤ 0.75

Satisfactory 0.60 < RSR ≤ 0.70 0.50 < NSE ≤ 0.65

Unsatisfactory RSR > 0.70 NSE ≤ 0.50

Source: own

Tab. 1: Characteristics of acceptable results for NSE and RSR
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Fig.  3 shows the  daily EUR/USD, 
GBP/USD, USD/TRY, and USD/JPY exchange 
rates for the period 1 January 2010 to 31 De-
cember 2021. EUR/USD  exhibits notable 
fluctuations during 2018–2019 amid height-
ened global trade tensions and becomes more 
volatile in 2020 with the onset of the COVID-19 
pandemic. GBP/USD  shows pronounced 
cycles over the sample period, reflecting shifts 
in  relative monetary-policy expectations and 
macroeconomic conditions. USD/TRY displays 
a  persistent downward trend with intermittent 
volatility spikes, consistent with the long-run de-
preciation of the Turkish lira under the chosen 
quote convention. USD/JPY alternates between 
periods of yen weakness and corrective phas-
es. Overall, Fig.  3 highlights heterogeneous 
exchange-rate dynamics over 2010–2021 and 
provides context for the  forecasting exercises 
that follow.

The  USD/TRY exchange rate display 
a strong negative trend during the study period, 
and the  same trend has persisted in  recent 
years, although at  a  slower pace. The  mon-
etary policies of  the  Central Bank of  Turkey, 
especially large interest rate reductions, 
have been among the  main factors that have 

contributed to  the  loss of  value of  the Turkish 
lira. USD/JPY  is another currency pair that is 
of  special importance to  international traders. 
It is noteworthy that in 2018, the Japanese yen 
became the main competitor of the U.S. dollar. 
The global uncertainties in relation to the gold 
prices increased the  interest of  investors 
in  the  yen. The  yen has largely been able 
to  hold its value as  opposed to  the  euro and 
the pound sterling, which have suffered depre-
ciation in the wake of changes in the monetary 
policy of the U.S. Federal Reserve. The cause 
of  this relative stability can be explained by 
the constant current account surplus in Japan 
and the monetary policy of the Bank of Japan.

For  each exchange rate, the  accuracy 
of  the  LSTM  model is explored utilizing per-
formance criteria. In  general, the  R or  RMSE 
was used to  compare the  performance of  ar-
tificial intelligence networks, and both were 
widely accepted by  scholars. In  the  artificial 
intelligence-based systems, the  vital issue is 
to  diminish the  estimation error so that RMSE 
can be considered as a superiority criterion for 
the models. It is generally accepted that the sur-
plus of  variables with high  R in  specifying 
the output of a model will enhance the prediction 

period; the  held-out test set is used exactly 
once for final performance reporting. Beyond 
the single hold-out design, we also  implement 
walk-forward (rolling-origin) testing, where 
the model is re-estimated on an expanding win-
dow and evaluated on the  subsequent block, 
better reflecting real-time deployment conditions. 

Baseline models. To  quantify the  incre-
mental value beyond standard benchmarks, 
two classical baselines were implemented un-
der the  same time-series evaluation protocol. 
The random-walk (naïve) benchmark forecasts 

the  next-day exchange-rate level as  the  most 
recently observed level, reflecting the  widely 
used “no-change” assumption in  FX  forecast-
ing. In addition, an ARIMA benchmark was esti-
mated using the training data only; model orders 
were selected within the training period based 
on  an  information-criterion-driven search, and 
forecasts were generated recursively without 
using any future information. Both baselines 
were evaluated using the  same chronological 
splits and rolling-origin (walk-forward) scheme 
used for the LSTM.

Exchange rate No. of observation Mean Maximum Minimum Standard 
deviation Skewness

EUR/USD 3,131 1.219 1.482 1.038 0.011 0.383

GBP/USD 3,131 1.555 2.107 1.148 0.224 0.464

USD/TRY 3,131 0.480 0.869 0.116 0.216 −0.152

USD/JPY 3,131 103.812 125.620 75.820 12.843 −0.639

Source: own

Tab. 2: Descriptive statistics of the EUR/USD, GBP/USD, USD/TRY,  
and USD/JPY exchange rates
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power. The results of the error evaluation criteria 
for training and testing data are calculated sepa-
rately (Tab. 3). It can be seen that for each ex-
change rate in both the training and test phases, 
the LSTM showed a high performance.

Baseline comparison (reported without 
additional tables). Tab. 3 reports the LSTM test 
performance (RMSE:  0.006 for EUR/USD, 
0.009  for GBP/USD, 0.003  for USD/TRY, and 
0.682  for USD/JPY) under the  leakage-safe 

Fig. 3: Daily time series of EUR/USD, GBP/USD, USD/TRY, and USD/JPY exchange 
rates (1 January 2010 to 31 December 2021)

Source: Investing.com

Criteria Phase
Currency

EUR/USD GBP/USD USD/TRY USD/JPY

R
Training 0.996 0.997 0.999 0.996

Test 0.989 0.985 0.994 0.969

RMSE
Training 0.009 0.010 0.006 1.295

Test 0.006 0.009 0.003 0.682

NSE
Training 0.980 0.981 0.988 0.951

Test 0.978 0.971 0.982 0.939

RSR
Training 0.146 0.153 0.129 0.235

Test 0.148 0.169 0.141 0.247

Source: own

Tab. 3: Results of error evaluation criteria for the LSTM model
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evaluation design described above. For bench-
marking, we  also  implemented random walk 
and ARIMA baselines under the identical chron-
ological split and rolling-origin (walk-forward) 
protocol, with all preprocessing fit on the train-
ing segment only. The baseline outputs (RMSE 
and MAE by  currency pair) are retained 
in the replication logs and can be provided upon 
request; the  purpose of  this benchmarking 
step is to  ensure that any performance gains 
attributed to  the  LSTM are assessed relative 
to  widely used statistical and naive forecast-
ing references under a  like-for-like time-series 
evaluation setting.

For a  better understanding of  the LSTM 
model running process, Fig.  4 was generated 
to  display the  convergence, methodological 
aspects, and the loss function over the training 
and validation for the  EUR/USD, GBP/USD, 
USD/TRY, and USD/JPY exchange rates da-
taset. The  method was ADAM optimizer, and 
the batch size was 64, CPU.

As the  validation phase is the  essential 
phase in  such a  kind of  machine learning 
simulation, the  following result evaluation was 
adopted on  this particular phase. Fig.  5 was 
generated to  introduce a  graphical predic-
tion accuracy evaluation, including a  colorful 

Fig. 4: The LSTM modeling process for the EUR/USD, GBP/USD, USD/TRY,  
and USD/JPY exchange rates

Source: own
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scatter plot of the LSTM model for the EUR/USD, 
GBP/USD, USD/TRY, and USD/JPY exchange 
rates. The graphic presents the acceptable pre-
diction capability of the LSTM model with high 
correlation magnitude in  each implemented 
exchange rate. The  high values for NSE 
and R (0.989, 0.985, 0.949, and 0.969 for  the 
EUR/USD, GBP/USD, USD/TRY, and USD/JPY 
exchange rates, respectively), and the  low 
values for the RSR and RMSE (0.006, 0.009, 
0.003, and 0.682 for the EUR/USD, GBP/USD, 
USD/TRY, and USD/JPY exchange rates, 
respectively) indicate the  highest ability and 
a superior accuracy of the LSTM model in fore-
casting these exchange rates.

The other graphical criteria that are imple-
mented in the current study are the violin plot. 
The violin plot is used to plot the numeric data. 

Besides the abilities of  the box plot, the violin 
plot presents the distribution density of the ob-
servations at  different values. This ability is 
especially vital when the distribution of the data 
is multimodal. To  assess distributional fidelity, 
violin plots were used to compare the predicted 
and observed exchange-rate distributions. 
In the test set, the LSTM violins for EUR/USD, 
GBP/USD, USD/TRY, and USD/JPY closely 
matched those of  the  actual data, exhibiting 
similar medians, interquartile ranges, and den-
sity shapes. This alignment indicates that the 
model not only attains low pointwise error but 
also  reproduces the  underlying distributional 
properties of  the  series. Consequently, LSTM 
demonstrates strong predictive performance 
across all four currency pairs, as  illustrated 
in Fig. 6.

Fig. 5: Scatter plots of actual vs. predicted exchange rates by the LSTM model  
for EUR/USD, GBP/USD, USD/TRY, and USD/JPY

Source: own
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Fig. 6: Violin plots of actual vs. LSTM-predicted exchange rate distributions  
for EUR/USD, GBP/USD, USD/TRY, and USD/JPY

Source: own

Fig. 7: Relative error distributions of the LSTM model for EUR/USD, GBP/USD,  
USD/TRY, and USD/JPY exchange rates

Source: own
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The  model’s accuracy was further as-
sessed through relative error analysis (Fig. 7). 
This analysis measured the  proportion of 
predictions whose normalized deviations from 
actual values fell within a  ±25% margin. 
A  concentration of  errors closes to  zero re-
flects strong predictive precision. Within this 
range, the  LSTM  model achieved 88%  accu-
racy for EUR/USD, 84% for GBP/USD, 93% for 
USD/TRY, and 81%  for USD/JPY. These 
outcomes indicate that the  model maintained 
consistently low error levels and high reliability 
in  forecasting across all four currency pairs. 
Practical interpretation of  the  relative-error di-
agnostic. The relative-error distribution in Fig. 7 
is intended as a descriptive diagnostic of fore-
cast dispersion after the  normalization and 
rescaling steps, rather than as an operational 
tolerance level for trading or treasury execution. 
Following the reviewer’s concern, we therefore 
do not treat “±25%” as a decision threshold for 

major FX pairs. Instead, practical performance 
is evaluated using decision-relevant criteria 
described below, including directional accu-
racy and horizon-specific errors, which better 
reflect real-world tolerances in  treasury and 
risk-management settings.

As  shown in  Fig.  8, the  predicted trajec-
tories closely track the  observed time series, 
with only minor deviations and a  single in-
stance of  overestimation at  the  upper bound 
of  the  exchange-rate range. This close align-
ment between forecasts and realizations 
substantiates the  strong predictive accuracy 
of  the LSTM model for EUR/USD, GBP/USD, 
USD/TRY, and USD/JPY.

Drawing on both quantitative error metrics 
and diagnostic graphics, the  LSTM exhib-
ited the  strongest predictive performance 
for EUR/USD, GBP/USD, USD/TRY, and 
USD/JPY. Accordingly, the model was extended 
to  a  15-day out-of-sample horizon. As  shown 

Fig. 8: Time series comparison of actual and LSTM-predicted exchange rates  
for EUR/USD, GBP/USD, USD/TRY, and USD/JPY

Source: own
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in Fig. 9, the forecasts generalize well beyond 
the  test set, maintaining low error characteris-
tics. Over this short-term horizon, GBP/USD 
shows the greatest expected variability, where-
as USD/JPY displays the smallest.

4	 Discussion and comparative study
This section builds directly on the  research 
motivations and gaps outlined. By  comparing 
the proposed model with alternative approach-
es, we aim to demonstrate how the developed 
LSTM  framework addresses the  challenges 
identified in the literature. To evaluate the rela-
tive strength of  the  proposed LSTM-based 
forecasting framework, we  conducted a  com-
parative analysis with five prominent recent 
studies that also  employed deep learning 
models for foreign exchange rate prediction. 
These include hybrid and ensemble models 
such as GRU-LSTM (Islam & Hossain, 2021), 
two-layer stacked  LSTM (Ayitey Junior et  al., 
2022), FIG-LSTM ensemble (Alade &  Okafor, 
2024), NR-LSTM hybrid (Song et  al., 2024), 

and Bi-LSTM with bagging ridge (Abedin et al., 
2025). Each  model offered unique strengths, 
such as capturing short-term volatility or utiliz-
ing technical indicators and hybrid regressors, 
but they also  exhibited constraints that our 
model addressed more effectively in  terms 
of simplicity, stability, and generalization across 
multiple currency pairs. Islam and Hossain 
(2021) GRU-LSTM hybrid network focused 
on short-term forecasting using 10-minute and 
30-minute intervals. Although it achieved good 
performance for selected currencies, its reliance 
on  micro-timeframes limited its applicability 
to broader macroeconomic forecasting. In con-
trast, our model utilizes over a decade of daily 
data and successfully forecasts exchange rates 
for 15  days ahead, capturing medium-range 
trends more useful for policy planning and 
institutional forecasting. Moreover, our model 
outperforms their system in  terms of  RMSE 
and NSE when comparing common pairs 
like EUR/USD and GBP/USD. Ayitey Junior 
et  al. (2022) used a  TLS-LSTM approach on 

Fig. 9: The out of sample prediction for the EUR/USD, GBP/USD, USD/TRY,  
and USD/JPY exchange rates implementing the LSTM model

Source: own
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the  AUD/USD  currency and included correla-
tion analysis with other AUD pairs. While their 
stacked architecture improves performance 
over single-layer LSTM models, their approach 
lacks generalizability across diverse and 
non-correlated currencies. Our  model, evalu-
ated on four globally dominant and structurally 
different currency pairs (EUR/USD, GBP/USD, 
USD/TRY, and USD/JPY), provides evidence 
of robustness across economic and geopolitical 
regions, offering a broader utility.

The  FIG-LSTM ensemble introduced 
by Alade and Okafor (2024) and the NR-LSTM 
model proposed by  Song et  al. (2024) are 
examples of complex hybrid architectures that 
integrate signal decomposition, fuzzy logic, 
or  nonparametric regressions. While these 
models yield strong performance under spe-
cific configurations, their complexity increases 
computational overhead and makes real-time 
deployment difficult. By  contrast, our pure 
LSTM  approach achieves comparable or  su-
perior accuracy (as evidenced by lower RMSE 
and higher R  values) with significantly fewer 
parameters and architectural simplicity, making 
it more suitable for practical, scalable deploy-
ment in financial systems.

Abedin et  al. (2025) offered an  ensemble 
Bi-LSTM  model enhanced with bagging ridge 
regression, achieving strong results dur-
ing the  volatile COVID-19 period. However, 
the  study also  notes that performance varied 
significantly across periods and currencies. 
Our model, while not tailored to a specific crisis 
period, consistently maintained high accuracy 
across all timeframes and currencies, including 
the  Turkish Lira (USD/TRY), which is known 
for its volatility. This consistency reflects better 
model adaptability to long-term market dynam-
ics and supports its broader reliability. Fig. 10 
presents a comparative evaluation of  the pro-
posed LSTM model against five state-of-the-art 
forecasting approaches from the  literature 
using two key metrics: RMSE and R².

As illustrated in the chart, the LSTM model 
developed in  this study achieves the  lowest 
RMSE and the highest R² score (approximately 
0.989), indicating its superior predictive accura-
cy. In contrast, while models such as GRU-LSTM 
(Islam &  Hossain, 2021), TLS-LSTM (Ayitey 
Junior et al., 2022), FIG-LSTM (Alade & Oka-
for, 2024), NR-LSTM (Song et al., 2024), and 
BiLSTM-BR (Abedin et al., 2025) demonstrate 
competitive performance, they fall slightly short 

Fig. 10: Comparative performance of forecasting models based on RMSE 
and R² metrics

Source: own
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of  the proposed model in  terms of  error mini-
mization and correlation strength. These results 
reinforce the  robustness and reliability of  our 
approach in capturing the underlying dynamics 
of exchange rate movements.

Fig.  11 presents a  heatmap comparison 
of  the  forecasting performance of  six models 
across six key metrics: RMSE, MAE, MAPE, 
R², NSE, and RSR. The proposed LSTM model 
(this study) consistently demonstrates supe-
rior accuracy with the  lowest RMSE (0.006), 
MAE (0.005), and MAPE (0.900), along with 
the  highest R²  (0.989) and NSE (0.978), and 
the lowest RSR (0.140). In contrast, the bench-
mark models exhibit relatively higher errors 
and lower correlation and efficiency scores, 
highlighting the enhanced predictive capability 
and generalization power of  our model. This 
visual representation reinforces the  robust-
ness of  the  proposed framework, especially 
when evaluated across multiple performance 
dimensions simultaneously.

While the  proposed LSTM-based fore-
casting framework demonstrates superior 
performance across multiple evaluation met-
rics, it  is important to  acknowledge both its 
advantages and limitations in comparison with 

other state-of-the-art models. One of  the main 
advantages of the LSTM model is its architec-
tural simplicity and computational efficiency. 
Unlike hybrid or  ensemble approaches such 
as FIG-LSTM, NR-LSTM, or BiLSTM-BR, which 
involve complex combinations of  decomposi-
tions, regressions, or multiple learning stages, 
the  pure LSTM  model achieves competitive 
or  even superior accuracy with significantly 
fewer parameters and reduced training com-
plexity. This makes it more suitable for real-time 
applications and deployment in  institutional 
forecasting environments. Another notable 
strength is the model’s generalization capabil-
ity. The  proposed framework maintains high 
predictive accuracy across structurally diverse 
currency pairs, including the  highly volatile 
USD/TRY. Many competing models focus 
on  specific market conditions or  limited cur-
rency sets, which may hinder their scalability. 
Furthermore, the use of graphical diagnostics, 
such as  violin plots and relative error graphs, 
enhances interpretability, an aspect often miss-
ing in  black-box ensemble models. However, 
the  proposed approach is not without limita-
tions. The model relies exclusively on historical 
exchange rate data and does not incorporate 

Fig. 11: Heatmap comparing the performance of different forecasting models across 
multiple evaluation metrics (RMSE, MAE, MAPE, R², NSE, RSR)

Source: own
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exogenous variables such as  interest rates, 
geopolitical indicators, or macroeconomic poli-
cies, which could further refine forecast preci-
sion. Additionally, while the  model performs 
well in  medium-term horizons (e.g.,  15-day 
ahead forecasting), its  efficacy in  long-term 
or high-frequency intraday prediction remains 
unexplored. Compared to  models like GRU-
LSTM, which are optimized for very short-term 
predictions, the  LSTM  model may be less 
responsive to  sudden microstructural shifts 
in financial markets.

Overall, the LSTM model offers a balanced 
trade-off between accuracy, interpretability, and 
practical implementation, while leaving room 
for future enhancement through integration 
with other learning mechanisms or  economic 
indicators.

4.1	 Managerial implications
From a  managerial standpoint, accurate fore-
casting of  exchange rates has direct implica-
tions for strategic planning, risk management, 
and investment decision-making. By  adopting 
LSTM-based models, financial managers and 
multinational corporations can better anticipate 
currency fluctuations and hedge exposure more 
effectively. This level of foresight enables firms 
to stabilize cash flows, adjust pricing strategies 
in  global markets, and protect profit margins 
in  cross-border transactions. Moreover, banks 
and foreign exchange dealers can leverage 
LSTM models to enhance their currency trad-
ing platforms and improve customer advisory 
services. Incorporating AI-powered forecasting 
tools allows for the development of dynamic, re-
al-time alert systems and personalized invest-
ment advice based on  predicted trends. This 
technological advancement strengthens institu-
tional competitiveness and trust among clients 
in a highly volatile environment. Decision-orien
ted evaluation (practical use-case). To  link fo
recasting performance to  actionable treasury 
decisions, we consider a short-horizon hedging 
and rebalancing setting in which managers pri-
marily need: (i)  an  accurate level forecast for 
near-term planning; and (ii) a reliable indication 
of  the  next movement direction. Accordingly, 
in addition to  level-fit metrics, we compute di-
rectional accuracy  (DA), defined as  the  share 
of  days for which the  predicted and realized 
day-to-day changes have the same sign, under 
the  same leakage-safe rolling-origin protocol 
used throughout the study. In terms of  level-fit 

performance on the  held-out test segment, 
Tab.  3 shows that the  LSTM achieves RMSE 
values of 0.006 (EUR/USD), 0.009 (GBP/USD), 
0.003  (USD/TRY), and 0.682  (USD/JPY), 
supporting its suitability for short-horizon op-
erational planning. The DA results by currency 
pair are retained in the replication logs and can 
be provided upon request; they are intended 
to  complement the  error-based metrics by  re-
flecting decision-relevant directional signals for 
treasury practice. Transaction costs and bid-ask 
spreads are acknowledged as  relevant exten-
sions for future strategy-level back testing.

Finally, policy makers and central banks can 
use such models as decision support systems 
to  simulate future exchange rate scenarios 
under different economic conditions. This em-
powers regulators to  design more responsive 
monetary policies, anticipate the  impacts 
of global economic shocks, and enhance cur-
rency stabilization measures. The  integration 
of  deep learning into public financial planning 
can bridge gaps between traditional econo-
metric tools and the  complexity of  modern 
financial systems.

4.2	 Theoretical implication
Theoretically, this study contributes to  the  ex-
panding literature on AI applications in  finan-
cial forecasting by  reinforcing the  superiority 
of  deep learning models, particularly  LSTM, 
over conventional statistical methods. By suc-
cessfully modeling non-linear, non-stationary, 
and chaotic time series data, LSTM challenges 
the  assumptions of  linearity and stationarity 
that underpin traditional econometric models 
like ARIMA or GARCH. This supports a para-
digm shift in  forecasting methodologies with-
in the field of computational finance.

Additionally, the study enhances the empiri-
cal understanding of  how model architecture, 
hyperparameter tuning, and data preprocess-
ing affect predictive accuracy in  the financial 
domain. The consistent outperformance of  the 
LSTM model across multiple evaluation metrics 
provides a  foundation for future comparative 
studies involving hybrid architectures, such 
as attention mechanisms or convolutional lay-
ers, in  multi-currency forecasting. Lastly, the 
research opens new theoretical discussions 
around interpretability and trust in  black-box 
models. While LSTM  models excel at  predic-
tion, they often lack transparency in explaining 
the underlying decision process. This calls for 
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further theoretical investigation into explain-
able  AI (XAI) approaches within financial 
forecasting, bridging the  gap between high 
predictive power and model interpretability, thus 
ensuring broader acceptance among academ-
ics and practitioners.

Conclusions
The  assessment employs quantitative perfor-
mance metrics and examines daily observa-
tions for four major currency pairs (EUR/USD, 
GBP/USD, USD/TRY, and USD/JPY) spanning 
from 1  January 2010 to  31  December 2021. 
To determine lag times of daily exchange rate 
time series, a  fixed sliding window method is 
implemented. For  evaluating the  performance 
of the LSTM model in exchange rate forecast-
ing, various numerical criteria (R, RMSE, NSE, 
and RSR) and performance diagnostic graphs 
(colorful scatter plot, violin plot, and relative er-
ror graphs) are utilized. Based on the  results, 
the LSTM model showed superior performance 
in  prediction each implemented currency with 
more similarity of violin plot of the LSTM model 
and actual data, high values of  R and NSE, 
and low values of  RMSE and RSR. The 
out-of-sample prediction results were statisti-
cally acceptable. Hence, it  is possible to dem-
onstrate that the  LSTM  model could predict 
exchange rates with high accuracy. We suggest 
that our framework can be applied in forecasting 
other foreign currency exchange rates with dif-
ferent dynamics and various financial variables. 

Limitations and directions for futu
re study. Despite the  promising results 
of  the  LSTM  model in  forecasting major ex-
change rates, this study is not without limitations. 
First, the  model focuses solely on  historical 
exchange rate data and does not incorporate 
macroeconomic, political, or  market sentiment 
variables that often influence currency move-
ments. The exclusion of  these exogenous fac-
tors may limit the model’s ability to fully capture 
sudden shocks or structural changes in the mar-
ket. Additionally, while the model demonstrates 
high accuracy for short-term forecasts, its perfor-
mance over longer forecasting horizons remains 
unexplored and potentially more volatile.

Future research could build upon this work 
by integrating hybrid models that combine LSTM 
with attention mechanisms, GRUs, or  external 
economic indicators to enhance predictive power 
and interpretability. Exploring the  impact of dif-
ferent time windows, real-time data updates, and 

high-frequency data could further improve re-
sponsiveness and accuracy. Moreover, expand-
ing the model to a broader set of currency pairs 
or testing it under crisis periods (e.g., pandem-
ics or  geopolitical conflicts) would offer deeper 
insights into its robustness and generalizability. 
Finally, incorporating explainable AI techniques 
may address the  “black-box” nature of  deep 
learning and help financial analysts better under-
stand the rationale behind the predictions.
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Abstract: City branding strategies have become increasingly prevalent in  global competition, 
yet  empirical evidence regarding their actual effects on  sustainable tourism development and 
underlying pathways remains limited. This study examines the  impact of National Civilized City 
designation on sustainable tourism development using panel data from 281 Chinese cities spanning 
2002–2022 and employing a  staggered difference-in-differences approach. Multiple robustness 
tests confirm the reliability of the findings. Results demonstrate that obtaining National Civilized City 
designation significantly enhances urban sustainable tourism development levels. Further analysis 
reveals that city branding operates through two pathways: enhancing tourism market attractiveness 
and stimulating tourism entrepreneurial vitality, forming a  “dual-wheel drive” mechanism. 
Specifically, the designation increases tourism arrival rates and the number of newly established 
tourism enterprises. Moreover, service-oriented cities and highly digitalized cities experience 
stronger promotional effects. The findings indicate that authentic city brand certifications backed 
by  genuine institutional improvements can advance sustainable tourism development through 
identifiable pathways, providing empirical insights for urban managers to formulate context-specific 
branding strategies.
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Introduction 
In the summer of 2020, when the global tourism 
industry faced its darkest hour due to the CO-
VID-19 pandemic, an  intriguing phenomenon 
emerged across Chinese cities. While interna-
tional destinations struggled with empty hotels 

and shuttered attractions, cities holding pres-
tigious National Civilized City designations 
demonstrated remarkable resilience in  their 
tourism recovery rates (X.  Zhao et  al., 2025). 
These cities, adorned with what locals call “gold 
signboards” (authoritative urban honorary titles 
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carrying symbolic and brand value) seemed 
to  possess an  invisible shield that not only 
protected them during the  crisis but acceler-
ated their return to prosperity. This observation 
revealed something profound about the  po-
tential power of city branding to shape tourism 
outcomes, raising fundamental questions about 
whether and how urban certifications might alter 
the  trajectory of  tourism development in ways 
that extend far beyond crisis management.

The  imperative to understand this relation-
ship has never been more critical. Cities world-
wide increasingly embrace branding strategies 
borrowed from the corporate world to distinguish 
themselves in intensifying global competition for 
investment, talent, and tourists (Rinaldi et  al., 
2021). This shift reflects a broader transforma-
tion in urban governance, where cities function 
as  brands competing in  global marketplaces 
rather than merely administering local affairs. 
Yet while businesses have long understood 
branding’s power to create competitive advan-
tages, the academic understanding of how city 
branding translates into measurable outcomes 
remains surprisingly fragmented. This knowl-
edge gap becomes particularly acute when 
considering the growing demands for sustain-
able tourism development – a concept requiring 
delicate balancing of  economic growth, envi-
ronmental protection, social equity, and cultural 
preservation (Hossain et al., 2025). The ques-
tion of  whether city branding can genuinely 
advance sustainability goals or  merely appro-
priates sustainability discourse for competitive 
positioning remains largely unresolved.

Scholars have made important strides in 
examining various facets of  this complex re-
lationship, yet  their efforts reveal a  landscape 
of  disconnected insights rather than coherent 
understanding. Research examining tourist-de
stination dynamics has established that place 
branding influences visitor responses through 
improved destination image, trust, and loyalty, 
demonstrating branding’s capacity to  shape 
tourist perceptions and behaviors (Stylidis, 
2022; Stylidis et al., 2022). Complementing this 
demand-side perspective, studies of  signaling 
mechanisms have theorized how authoritative 
certifications reduce information asymmetries 
between destinations and potential tourists, 
creating conditions for more efficient tourism 
markets (Ozer et al., 2025). Parallel investiga-
tions of  authenticity and experiential quality 
have illuminated how destination characteristics 

shape tourist experiences in  specialized con-
texts such as agritourism (Andersson & James, 
2018). From a  community perspective, re-
search has revealed nuanced relationships 
between host attitudes, destination image, and 
visitor satisfaction, suggesting that successful 
branding requires attention to resident dynam-
ics and social capital (Wu  et  al., 2024). Work 
on  governance structures has explored how 
different actors mediate between global brand-
ing strategies and local implementation con-
texts, with particular attention to how boundary 
spanners navigate institutional complexities 
(Rinaldi et al., 2021). Recent contributions have 
also  examined how environmental narratives 
shape destination positioning in  competitive 
markets, as  evidenced by  sustainable brand-
ing efforts in Arctic tourism destinations (Bruin 
et  al., 2025). Despite these valuable insights, 
a critical gap remains: existing studies examine 
isolated components of  the  branding-sustain-
ability relationship without establishing how 
these components interact to  produce causal 
effects on tourism development outcomes.

This fragmentation reflects three funda-
mental limitations constraining both theoretical 
understanding and practical application. First, 
research streams remain largely disconnected, 
examining isolated aspects of the branding-sus-
tainability nexus without establishing coherent 
causal frameworks that integrate demand-side 
tourist responses and supply-side entrepreneur-
ial dynamics (Williams et  al., 2019). Studies 
focus either on visitor perceptions or on busi-
ness environment effects, rarely examining 
how these dimensions interact synergistically 
to  produce sustainable tourism outcomes. 
Second, methodological approaches have 
predominantly relied on cross-sectional analy-
ses and qualitative case studies that cannot 
establish causality or  account for complex 
temporal dynamics (Pham et al., 2025). While 
these approaches provide rich contextual 
insights illuminating how branding processes 
unfold, they cannot answer whether city brand-
ing actually causes changes in  sustainable 
tourism development or merely correlates with 
them due to  unobserved confounding factors 
such as  economic development or  political 
commitment. Third, existing research rarely 
examines heterogeneous effects across dif-
ferent urban contexts, implicitly assuming that 
branding strategies produce uniform outcomes 
regardless of  underlying city characteristics 
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(Magnusson et  al., 2024). This assumption 
overlooks the  possibility that structural differ-
ences between cities, such as  industrial com-
position, digital infrastructure, or  governance 
capacity, might fundamentally shape how brand-
ing initiatives affect sustainability outcomes. 
Most critically, the  mechanisms through which 
city branding influences sustainable tourism de
velopment remain largely theoretical constructs 
rather than empirically validated causal chains 
(Leiras et al., 2025).

These limitations reveal a  significant 
evidence gap that undermines both theoretical 
advancement and practical policy formulation. 
Without credible causal evidence, policymak-
ers investing substantial resources in  city 
branding initiatives cannot determine whether 
these investments genuinely advance sustain-
ability objectives or produce primarily symbolic 
outcomes without developmental substance. 
Without understanding operative mechanisms, 
destination managers cannot design interven-
tions that activate the most effective pathways 
linking branding to sustainability. Without knowl-
edge of contextual contingencies, cities cannot 
assess whether branding strategies successful 
elsewhere will prove effective in their particular 
circumstances. This evidence gap becomes 
particularly problematic given the  growing 
tension between tourism growth imperatives 
and sustainability constraints, where superfi-
cial appropriation of  sustainability discourse 
for branding purposes may actively under-
mine genuine progress toward sustainable 
development goals. The stakes are high: cities 
worldwide are making substantial financial and 
political commitments to  branding initiatives, 
yet lack empirical evidence about whether and 
how these commitments translate into sustain-
able tourism outcomes.

Against this backdrop, several fundamental 
questions demand rigorous empirical investi-
gation. Does city branding causally influence 
sustainable tourism development levels, or do 
observed associations merely reflect spurious 
correlations driven by  unmeasured confound-
ing factors? If  causal effects exist, through 
what specific mechanisms do  they operate? 
Does city branding primarily enhance tourism 
development by  reducing information asym-
metries and attracting visitors, or by improving 
business environments and stimulating entre-
preneurial activity? How do these causal effects 
and operative mechanisms vary across cities 

with different structural characteristics? What 
urban attributes condition the  effectiveness 
of branding initiatives in advancing sustainabil-
ity outcomes? Under what circumstances does 
city branding generate authentic sustainability 
benefits versus contexts where it produces pre-
dominantly symbolic outcomes without substan-
tive developmental impacts? These questions 
are not merely academic exercises; they have 
profound implications for how cities allocate 
scarce resources between branding initiatives 
and alternative development strategies.

This study addresses these questions 
through a  comprehensive quasi-experimental 
analysis of China’s National Civilized City selec-
tion program spanning 281  cities over two de-
cades from 2002 to 2022. Our research makes 
five distinctive contributions that advance under-
standing of how city branding influences sustain-
able tourism development. First, we  develop 
an integrated theoretical framework synthesizing 
resource-based theory, signaling theory, and 
brand spillover effects to  explain intercon-
nected pathways through which city branding 
affects sustainability outcomes, moving beyond 
fragmented perspectives dominating current re-
search. Second, we construct a multidimension-
al measurement system capturing sustainable 
tourism development through five dimensions 
(innovation, coordination, green development, 
openness, and sharing), providing more nu-
anced assessment than single-indicator ap-
proaches employed in previous studies. Third, 
we  employ rigorous difference-in-differences 
methodology leveraging the  staggered timing 
of  National Civilized City designations across 
Chinese cities to  establish causal relation-
ships, overcoming methodological limitations 
of cross-sectional and case study approaches 
and enabling credible causal inference about 
whether city branding actually causes changes 
in sustainability outcomes. Fourth, we empirical-
ly identify and validate two specific transmission 
mechanisms (tourism market attractiveness 
and entrepreneurial vitality) through which 
city branding causally influences sustainable 
tourism development, transforming theoretical 
constructs into measurable empirical phenom-
ena and revealing the  dual pathways through 
which branding operates. Fifth, we  provide 
systematic evidence on heterogeneous effects 
across urban contexts, demonstrating that 
service-oriented and digitally advanced cities 
experience substantially stronger benefits from 
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branding initiatives and revealing structural 
conditions that moderate branding effective-
ness. Through these contributions, our find-
ings demonstrate that authentic city branding 
backed by  genuine institutional improvements 
can transform abstract brand value into mea-
surable sustainability outcomes. Importantly, 
we  illuminate the  specific conditions, mecha-
nisms, and contexts through which such trans-
formation occurs, providing actionable insights 
for policymakers seeking to  leverage branding 
initiatives for sustainable tourism development.

1	 Literature review and hypothesis 
development

1.1	 Literature review
The  theoretical foundations of  city branding 
research are increasingly grounded in resour- 
ce-based perspectives that conceptualize 
urban brand assets as strategic resources ca
pable of  generating sustainable competitive 
advantages. Resource-based theory posits that 
organizational success stems from the posses-
sion and deployment of valuable, rare, inimita-
ble, and organizationally embedded resources, 
a  framework that has been productively ex-
tended to understand how cities leverage intan-
gible brand assets to  differentiate themselves 
in  competitive destination markets (Artal-Tur 
et  al., 2019). Early conceptualizations treated 
city branding as  a  straightforward application 
of corporate marketing principles, emphasizing 
deliberate identity reconstruction through brand 
image creation while distinguishing it from 
mere promotional activities (Johansson, 2012). 
However, as empirical investigations deepened 
across diverse geographical contexts, this lin-
ear perspective evolved into more sophisticated 
frameworks acknowledging the  collaborative 
and contested nature of urban brand formation. 
Contemporary theoretical developments have 
introduced co-creation paradigms emphasiz-
ing how place brands emerge through dynamic 
stakeholder interactions rather than centralized 
municipal control alone (Lucarelli, 2019). Sig-
naling theory has proven particularly valuable 
in explaining how authoritative urban certifica-
tions function as  quality signals that reduce 
information asymmetry between destinations 
and potential visitors, with recent evidence from 
slow city movements demonstrating that place-
based certifications can significantly enhance 
tourist behavioral responses through credible 
signaling of destination quality and values (Ozer 

et  al., 2025). Building upon signaling mecha-
nisms, brand spillover theory illuminates how 
positive brand associations generated through 
urban certifications extend beyond their initial 
contexts to influence related sectors and visitor 
perceptions. When cities achieve authoritative 
brand recognition, the  associated quality per-
ceptions and reputational capital diffuse across 
multiple domains, creating multiplicative ef-
fects wherein tourism enterprises benefit from 
enhanced destination credibility while visitor 
experiences are enriched by  the broader eco-
system of services and amenities that develop 
in  response to  the  city brand (Chen  et  al., 
2014). This spillover dynamic suggests that city 
branding operates not merely through direct 
promotional effects but through systemic trans-
formation of  urban environments and stake-
holder behaviors, generating value that exceeds 
the sum of individual branding initiatives. The role 
of boundary spanners has emerged as especially 
salient in  sustainability-oriented city branding, 
with research revealing how responsibilized 
intermediaries positioned between global and 
local levels can mediate multi-stakeholder net-
works to  foster collective action and capacity 
building in  place-branding practices (Rinaldi 
et  al., 2021). Recent investigations into desti
nation branding effectiveness have further 
highlighted the  importance of  authentic place 
characteristics and cultural ecosystem services 
in creating meaningful connections with visitors, 
suggesting that successful branding transcends 
superficial image management to  encompass 
culturally and ecologically integrated relation-
ships that align visitor expectations with actual 
destination attributes (Bruin et al., 2025). Affect 
transfer theory has been applied to understand 
how media representations and celebrity en-
dorsements shape destination brand love and 
impulsive travel intentions, revealing complex 
pathways through which destination images 
influence tourist decision-making processes 
(Jing Wang et  al., 2025). These theoretical 
and empirical advances collectively indicate 
that while city branding has become more con-
ceptually sophisticated, significant challenges 
remain in  translating complex frameworks into 
actionable strategies that deliver measurable 
sustainability outcomes, particularly in contexts 
where economic imperatives continue to domi-
nate urban development agendas.

The  sustainable tourism development lit-
erature has undergone substantial theoretical 
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refinement, moving beyond narrow environ-
mental protection imperatives to embrace com-
prehensive frameworks integrating stakeholder 
theory, social exchange theory, and institutional 
perspectives. Stakeholder theory provides cru-
cial insights into how tourism development af-
fects and is affected by diverse interest groups, 
emphasizing that sustainable outcomes require 
balancing competing stakeholder needs and 
facilitating meaningful participation in gover
nance processes (Poudel et  al., 2016; Roxas 
et  al., 2020). Social exchange theory has 
proven particularly valuable in explaining resi
dent attitudes toward tourism, positing that 
community support for tourism development 
depends on perceptions of  reciprocal benefits 
and costs, with recent research confirming that 
emotional solidarity, quality of  life consider-
ations, and perceived impacts significantly me-
diate resident support for sustainable tourism 
initiatives (Eslami et al., 2019; Gautam, 2023). 
Institutional theory offers complementary per-
spectives on how formal rules, informal norms, 
and cultural values shape tourism governance 
structures and sustainability outcomes, with 
evidence suggesting that political environments 
and institutional quality substantially influence 
the  effectiveness of  sustainable tourism poli-
cies (Mihalič et  al., 2016). The conceptualiza-
tion of residents as citizens rather than merely 
stakeholders represent an  important theoreti-
cal advancement, conferring both rights and 
duties that synthesize industry-centric and 
resident-centric approaches while designat-
ing appropriate virtues and behaviors across 
participation, autonomy, commitment to  social 
order, and solidarity dimensions (Weaver et al., 
2022). Contemporary frameworks increasingly 
emphasize the multidimensional nature of sus-
tainable tourism, moving beyond triple bottom 
line accounting to incorporate innovation capac-
ity, coordination across sectors, environmental 
quality, international openness, and equitable 
benefit sharing as essential components of ho-
listic sustainability assessment (Işık et al., 2025; 
L. Zhao et  al., 2025). The  value-belief-norm 
model combined with implicit beliefs theory 
has been applied to  understand how tourist 
mindsets moderate relationships between des-
tination brand experiences and environmentally 
responsible behaviors, revealing that individu-
als with fixed versus growth mindsets respond 
differently to sensory, affective, intellectual, and 
behavioral engagement (Hossain et al., 2025). 

Governance research has demonstrated that 
collaborative network structures and adaptive 
co-management approaches can enhance 
stakeholder participation and social learning 
in  protected areas and tourism destinations, 
though effectiveness varies substantially across 
institutional contexts and power configurations 
(Islam et  al., 2018). Evidence-based sustain-
able tourism planning that incorporates stake-
holder co-creation of knowledge has emerged 
as a promising approach, though implementa-
tion faces challenges related to data quality, in-
dicator reliability, and organizational absorptive 
capacity (Pham et al., 2025). Sustainability tran-
sitions scholarship offers macro-level perspec-
tives on how tourism systems might shift toward 
more sustainable configurations, identifying 
tensions between incremental improvements 
and transformative change while highlighting 
the  importance of  disrupting lock-ins within 
tourism-centric discourses (Magnusson et  al., 
2024). These diverse theoretical perspectives 
are not mutually exclusive but rather offer 
complementary analytical lenses that collectively 
illuminate the multifaceted nature of sustainable 
tourism development. While stakeholder and so-
cial exchange theories foreground the relational 
dynamics among tourism actors, institutional 
theory contextualizes these relationships within 
broader governance structures and cultural 
norms, and the  value-belief-norm framework 
connects individual psychological processes 
to  collective sustainability outcomes. The  in-
tegration of  these theoretical streams enables 
more comprehensive understanding of  how 
tourism development simultaneously operates 
through individual decision-making, social in-
teractions, and structural constraints, suggest-
ing that effective interventions must address 
multiple levels and dimensions of  the  tourism 
system. Despite proliferation of  theoretical 
frameworks and measurement tools, critical 
examinations reveal persistent gaps between 
conceptual sophistication and practical imple-
mentation, with many sustainability initiatives 
characterized more by rhetoric than substantive 
transformation of development trajectories.

The  intersection between city branding 
and sustainable tourism development remains 
notably underexplored despite its conceptual 
significance, revealing both empirical gaps and 
theoretical integration opportunities that this 
study addresses. Existing research attempt-
ing to  bridge these domains has produced 
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contradictory findings, with some studies 
identifying positive synergies between place 
branding and sustainability outcomes while oth-
ers reveal tensions where branding narratives 
prioritize economic growth over environmental 
and social considerations (Andersson & James, 
2018; Gonzalez &  Gale, 2023). The  mecha-
nisms through which city branding influences 
sustainable tourism outcomes have remained 
largely theoretical constructs rather than em-
pirically validated causal pathways, with lim-
ited understanding of  how authoritative urban 
certifications translate into measurable tourism 
development effects or  under what conditions 
such effects emerge (Fok & Law, 2018; Leiras 
et  al., 2025). Methodologically, previous stud-
ies have predominantly relied on  case study 
approaches or  cross-sectional analyses that 
cannot establish causal relationships or  ac-
count for complex temporal dynamics, leaving 
questions about the actual effectiveness of city 
branding strategies in  promoting sustainable 
tourism largely unanswered (Ma  et  al., 2021; 
Niedomysl &  Jonasson, 2012). Furthermore, 
theoretical integration across resource-based, 
signaling, and spillover perspectives remains 
underdeveloped, with most studies drawing 
on single theoretical lenses that fail to capture 
the  multifaceted nature of  how city brands 
function as  strategic assets, quality signals, 
and catalysts for broader urban development 
effects. This research addresses these con-
ceptual, empirical, and methodological gaps 
through several distinctive contributions. First, 
it employs a rigorous quasi-natural experimen-
tal design leveraging China’s National Civilized 
City program to  establish causal relationships 
between city branding and sustainable tourism 
outcomes, moving beyond correlational obser-
vations to  identify genuine treatment effects. 
Second, it  empirically identifies and validates 
specific transmission mechanisms through 
which city branding operates, transforming 
theoretical propositions about market attrac-
tiveness and entrepreneurial vitality into mea-
surable pathways with clear policy implications. 
Third, it  develops and operationalizes a  com-
prehensive multidimensional measurement 
system for sustainable tourism development 
that captures complex interactions among in-
novation, coordination, green development, 
openness, and sharing dimensions, advanc-
ing beyond single-indicator approaches that 
inadequately reflect sustainability’s inherent 

complexity. Fourth, it  systematically examines 
heterogeneous effects across different urban 
contexts characterized by  varying service 
sector development and digital infrastructure, 
identifying conditions under which city brand-
ing strategies prove most effective and there-
by  providing actionable insights for targeted 
interventions rather than universal prescriptions 
that ignore contextual variation. By integrating 
resource-based theory, signaling theory, and 
brand spillover effects within a rigorous causal 
inference framework, this study advances both 
theoretical understanding and practical knowl-
edge of  how city branding can be leveraged 
to promote sustainable tourism development.

1.2	 Hypothesis development
City branding operates as a multifaceted cata-
lyst for sustainable tourism development through 
interconnected theoretical mechanisms that 
collectively transform urban competitive advan-
tages. Drawing on resource-based theory, presti-
gious city certifications like the National Civilized 
City designation represent rare and valuable in-
tangible assets that signal comprehensive urban 
quality-encompassing infrastructure excellence, 
service standards, and governance capacity; 
thereby  reducing information asymmetries that 
typically constrain tourism decision-making 
(Carvalho et  al., 2018; Horng &  Tsai, 2012; 
Peters et  al., 2011). This signaling effect cre-
ates a  virtuous cycle: as  cities pursue brand 
certification, they systematically enhance both 
tangible infrastructure and intangible service 
environments, generating spillover benefits that 
extend beyond the original branding objectives 
into tourism attractiveness and competitiveness 
(Cerqua, 2017; Yang et al., 2016). The certifica-
tion process itself drives cities to adopt sustain-
able development practices (from environmental 
protection to  resource conservation) that align 
organically with sustainable tourism principles, 
while the  resulting brand recognition amplifies 
media exposure and consumer trust, creating 
powerful network effects that multiply tourism 
appeal. Through this integrated process, city 
branding transcends traditional marketing to be-
come a  comprehensive development strategy 
that simultaneously builds urban competitive 
advantages and tourism sustainability founda-
tions. Based on the above theoretical analysis, 
this study proposes the following hypotheses:

H1: City branding promotes sustainable 
tourism development levels.
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Understanding how city branding influ-
ences sustainable tourism development 
requires a  deep examination of  its underlying 
mechanisms. This complex process is not 
a simple linear relationship, but rather operates 
through the interactive effects of multiple theo-
retical mechanisms. Based on  existing theo-
retical foundations and empirical observations, 
we identify two core transmission pathways that 
together constitute the  theoretical framework 
for how city branding promotes sustainable 
tourism development.

The  first pathway manifests through city 
branding’s enhancement of  tourism market at-
tractiveness via  signaling mechanisms. In the 
tourism decision-making process, potential 
tourists face significant information asymmetry 
problems. They find it difficult to accurately as-
sess destination service quality, safety levels, 
and overall experiences before actual visits. 
According to the core tenets of signaling theory, 
high-quality service providers actively seek 
credible ways to  convey quality information 
to the market, and certification by authoritative 
institutions represents precisely such an effec-
tive signaling mechanism (Auriol &  Schilizzi, 
2015; Boiral, 2012). The National Civilized City 
selection serves as  a  national-level authorita-
tive certification system that not only represents 
rigorous evaluation standards but also  carries 
government credibility endorsement (X.  Zhao 
et al., 2025). When a city receives this designa-
tion, it transmits multiple positive signals to po-
tential tourists: beautiful urban environments, 
good public order, comprehensive service 
systems, and high citizen quality. These signals 
effectively reduce tourists’ perceived risks and 
decision costs, enhancing the city’s attractive-
ness and competitive advantage in  tourism 
destination selection. More importantly, this sig-
naling effect possesses sustainability because 
the evaluation and re-assessment mechanisms 
of  civilized cities ensure that cities must con-
tinuously maintain high standards, thereby pro-
viding stable quality assurance for sustainable 
tourism development.

The second pathway operates through re-
source integration mechanisms that stimulate 
tourism entrepreneurial vitality. Resource-based 
theory emphasizes that competitive advan-
tages of  enterprises or  organizations stem 
from their unique resources, particularly those 
strategic resources that are valuable, rare, 
inimitable, and non-substitutable (Acedo et al., 

2006; Kozlenkova et  al., 2014). City brand-
ing, especially authoritative certifications like 
National Civilized City designation, precisely 
embodies these characteristics. It  is not only 
a  scarce intangible asset but also a  strategic 
resource capable of generating multiple effects. 
First, city branding enhances cities’ resource 
attraction capabilities, including capital, talent, 
technology, and other factor resources, provid-
ing richer factor support for tourism industry 
development. Second, city branding helps 
optimize the business environment, as govern-
ments often increase public service provision, 
simplify administrative approval processes, and 
improve infrastructure construction to maintain 
and enhance city brand image (X. Zhao et al., 
2025). These measures directly reduce tourism 
enterprises’ operational costs and market entry 
barriers. Finally, city branding creates positive 
market expectations, enhancing investors’ 
and entrepreneurs’ confidence in  local tour-
ism market prospects and stimulating tourism 
entrepreneurial enthusiasm. This enhance-
ment of  entrepreneurial vitality manifests not 
only in  the  growth of  new tourism enterprises 
but also in  the  emergence of  tourism product 
and service innovations, injecting sustained 
endogenous momentum into sustainable 
tourism development. Based on the  above 
theoretical analysis, this study proposes 
the following hypotheses:

H2: City branding promotes sustainable 
tourism development by  enhancing tourism 
market attractiveness.

H3: City branding promotes sustainable 
tourism development by  stimulating tourism 
entrepreneurial vitality.

2	 Methods
2.1	 Data sources
This study selects panel data from 281 Chinese 
cities from 2002–2022, aiming to systematically 
evaluate the  impact of  National Civilized City 
selection on sustainable tourism development. 
Data sources primarily rely on  authoritative 
statistical materials. The  selection times and 
city lists for National Civilized Cities were 
compiled from official documents published 
by China’s Government Civilization Committee, 
with designated National Civilized Cities set 
as  the  experimental group and remaining cit-
ies as the control group. Control variable data 
mainly comes from the annual China City Statis-
tical Yearbook. To ensure comprehensiveness 
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and accuracy, tourism enterprise-related data 
was simultaneously obtained from the  Qicha-
cha website, which provided detailed reg-
istration and operational information about 
tourism enterprises in various regions. Tourism 
resource endowment data was manually col-
lected through relevant professional websites, 
comprehensively organizing and evaluating 
tourism resources in  each city. Additionally, 
other control variable data was sourced from 
the  CEIC  database, regional statistical year-
books, statistical bulletins, and the  EPS data 
platform and other official statistical materials. 
These diverse data sources provided authori-
tative, systematic, and comprehensive data 
support for this research, effectively ensuring 
the reliability of empirical results.

2.2	 Variable definitions
Regarding variable settings, this study’s core 
explanatory variable is the  National Civilized 
City selection dummy variable (NCC), which 
takes a value of 1 when a city receives or main-
tains National Civilized City status in a specific 
year, and  0 when it has not received the  title 
or loses it due to failing re-evaluation. Consid-
ering research object comparability and data 
availability, districts and counties of municipali-
ties, prefecture-level cities in Tibet Autonomous 
Region, and city samples that underwent major 
administrative division adjustments were ex-
cluded during the research process. Ultimately, 
129 cities were identified as the treatment group 
to  ensure the  robustness and representative-
ness of research results. The explained variable 
is set as  the sustainable tourism development 
level (TQD). Based on  existing research find-
ings and data availability (Juan Wang et  al., 
2025; Tang, 2022), this study employs the en-
tropy weight-TOPSIS method to  construct 
a  comprehensive evaluation system. This 
method effectively considers the  objective 
weights of various indicators, comprehensively 
reflecting the  multidimensional characteristics 
of tourism development, avoiding the potential 
one-sidedness of  single-indicator evaluations, 
and enhancing the persuasiveness and scien-
tific nature of research conclusions.

The  conceptualization of  sustainable tour-
ism development level draws upon the United 
Nations Sustainable Development Goals 
(SDGs) framework, emphasizing the  coordi-
nated integration of  economic growth, social 
progress, environmental protection, and cultural 

preservation. We  define sustainable tourism 
development level as  a  city’s comprehensive 
capacity to achieve balanced economic, social, 
environmental, and cultural benefits throughout 
its tourism development process. To operation-
alize this multifaceted concept, we  construct 
a five-dimensional evaluation system grounded 
in  established theoretical foundations. The  in-
novation dimension, rooted in  endogenous 
growth theory, captures tourism industry tech-
nological advancement and human capital 
through indicators including tourism-related 
patent applications and industry employment, 
reflecting the  sector’s innovation momentum 
and talent base. The  coordination dimension, 
informed by industrial linkage theory, measures 
tourism-regional economic integration through 
tourism revenue’s share of  tertiary industry 
output and tertiary sector’s GDP  contribu-
tion, demonstrating inter-sectoral synergies. 
The green dimension, based on Environmental 
Kuznets Curve theory, assesses environmental 
sustainability through forest coverage rates, 
waste treatment efficiency, and urban green 
space availability, capturing the  ecological 
foundation for tourism development. The open-
ness dimension, grounded in comparative ad-
vantage theory, evaluates internationalization 
levels via  inbound tourist volumes and foreign 
exchange earnings, reflecting global com-
petitiveness. Finally, the  sharing dimension, 
informed by inclusive growth theory, measures 
development outcome accessibility through 
tourism investment, travel agencies, star-rated 
hotels, and A-level attractions, emphasizing 
equitable benefit distribution. This framework 
employs the entropy weight method for objec-
tive indicator weighting, ensuring scientific rigor 
while avoiding subjective bias in  evaluation 
outcomes. The  specific indicators and their 
detailed specifications are presented in Tab. 1.

To deeply analyze the internal mechanisms 
through which National Civilized City selection 
influences sustainable tourism development, 
this study establishes two mechanism vari-
ables: tourism market attractiveness and tour-
ism entrepreneurial vitality. Tourism market 
attractiveness follows existing research ap-
proaches (Wu  et  al., 2023), measured using 
the tourism arrival ratio (TAT), an indicator that 
intuitively and accurately reflects a  region’s 
ability to attract tourists and the market conver-
sion efficiency of  tourism resources. Tourism 
entrepreneurial vitality selects the  number 
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of newly established tourism enterprises (TEA) 
as a measurement indicator, comprehensively 
reflecting regional tourism market vitality and 
innovation momentum, and demonstrating 
the promotional role of city branding in cultivat-
ing tourism market entities. Simultaneously, 
to  comprehensively control interference from 
other factors and ensure research result ac-
curacy, this study also  incorporates multiple 
control variables: urban economic development 
level (PGDP), measured using per capita re-
gional GDP; population size (POP), represent-
ed by  the  natural logarithm of  urban resident 
population; infrastructure level (INFRA), mea-
sured by the ratio of urban road area to built-up 
area; industrial structure advancement (IND), 
measured by  tertiary industry added value 
as  a  proportion of  GDP; environmental regu-
lation intensity (ENV), represented by  indus-
trial pollution control investment as a proportion 
of industrial added value; government interven-
tion degree (GOV), measured by general public 
budget expenditure as  a  proportion of  GDP; 
openness level (OPEN), measured by  actual 

utilized foreign direct investment as  a  propor-
tion of  GDP; and technological innovation 
capability (TECH), measured by  the  natural 
logarithm of patent grants.

2.3	 Model specification
Regarding model specification, this study 
constructs a multiple-period difference-in-diffe
rences model to  evaluate the  impact effect 
of National Civilized City selection on sustain-
able tourism development. This method’s 
advantage lies in  effectively controlling un-
observable time fixed effects and individual 
fixed effects while overcoming the  limitations 
of  traditional difference-in-differences models 
when handling situations where policy imple-
mentation timing differs, particularly suitable 
for the  real-world situation in  this study where 
different cities received National Civilized City 
designation at different times. The basic econo-
metric model is specified as:

�TQDit = β0 + β1 NCCit + ∑ρXit + δt + 
+ μi + ϵit	

(1)
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layer

Primary 
indicator Secondary indicator Unit
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Innovation

Tourism-related patent applications Number

Tourism industry employees People

Number of tourism colleges Institutions

Tourism college students People

Coordination
Tourism total revenue as proportion of tertiary industry 

output %

Tertiary industry added value as proportion of GDP %

Green

Forest coverage rate %

Urban domestic waste treatment rate %

Per capita park green space area Hectares

Openness
Inbound tourist numbers 10,000 

person-times

International tourism foreign exchange earnings 10,000 USD

Sharing

Tourism fixed asset investment 10,000 yuan

Number of travel agencies Number

Number of star-rated hotels Number

Number of A-level and above tourist attractions Number

Source: own

Tab. 1: Sustainable tourism development level evaluation indicator system
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where: TQDit –  the  sustainable tour-
ism development level of  city  i  in  year  t; 
NCCit  –  the  core explanatory variable taking 
value 1 when a city receives National Civilized 
City designation and 0 otherwise; Xit – a vector 
of control variables; δt and μi – time fixed effects 
and city fixed effects, respectively, controlling for 
city characteristics that do not change over time 
and time trends affecting all cities; εit – the ran-
dom disturbance term; coefficient  β1  –  mea-
sures the  net effect of  National Civilized City 
selection on sustainable tourism development. 
If  β1  is significantly positive, it  indicates that 
city branding can enhance sustainable tourism 
development levels, providing important empiri-
cal evidence for positive interactions between 
urban civilization construction and sustainable 
tourism development.

3	 Results
3.1	 Description of sustainable tourism 

development levels
Descriptive statistical analysis reveals signifi-
cant regional heterogeneity in sustainable tour-
ism development levels across China (Fig. 1). 
Eastern regions demonstrate clear leadership, 

with Guangdong Province achieving the  high-
est average level (0.4969), followed by Jiangsu 
(0.4820) and Shandong (0.4826), reflecting 
their advanced economic development and 
tourism infrastructure. Central regions exhibit 
moderate performance, led by Anhui Province 
(0.4650), benefiting from policy initiatives 
at renowned scenic areas like Huangshan. 
Western regions show notable variation, with 
Chongqing outperforming most eastern prov-
inces (0.4865) due to  its municipal status and 
unique geographic advantages, while Sichuan 
(0.4707) and Guangxi (0.4651) leverage their 
rich natural and cultural resources. The north-
eastern provinces cluster around similar levels, 
with Liaoning slightly ahead (0.4622). Overall, 
China’s sustainable tourism development ex-
hibits a  spatial pattern of  “eastern leadership 
with selective western breakthroughs”, closely 
linked to  regional economic development, 
transportation accessibility, and tourism re-
source endowments.

3.2	 Baseline model results
To investigate the  impact of  National Civi-
lized City selection on  sustainable tour-
ism development levels, we  first conducted 

Fig. 1: Status of sustainable tourism development levels

Source: own
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baseline regression analysis, with results 
shown in Tab. 2. Column 1 controls only for city 
and year fixed effects, while column 2 adds con-
trol variables on this basis. As shown in Tab. 2, 
the coefficient of National Civilized City (NCC) 
is positive and statistically significant under dif-
ferent specifications, indicating that receiving 
National Civilized City designation has a posi-
tive impact on  enhancing urban sustainable 
tourism development levels. Specifically, when 
controlling only for fixed effects (column  1), 
receiving National Civilized City designation in-
creases sustainable tourism development lev-
els by an average of 0.0326 units; after adding 

other control variables (column  2), although 
the  coefficient decreases somewhat (0.0284), 
it  remains significant at  the  5%  level, provid-
ing strong empirical support for H1. This result 
reflects that the  positive impact of  National 
Civilized City selection remains robust after 
controlling for potential confounding factors, 
demonstrating that cities can enhance their at-
tractiveness to tourists and tourism investment 
through authoritative branding certification.

3.3	 Robustness tests
To verify the  reliability of our research conclu-
sions, we first tested for parallel trends. In 2005, 

Variable
(1) (2)

TQD TQD

NCC
0.0326*** 0.0284**

(2.9100) (2.5300)

PGDP
0.0147**

(2.4200)

POP
−0.0008

(−0.7500)

INFRA
0.0235***

(3.0500)

IND
0.0128**

(2.4700)

ENV
0.0094*

(1.9500)

GOV
0.0076

(1.2900)

OPEN
0.0182**

(2.1600)

TECH
0.0156**

(2.1000)

City Yes Yes

Year Yes Yes

N 5,620 5,620

R² 0.5370 0.6470

Note: ***, **, and * indicate significance at the 1, 5, and 10% levels, respectively; values in parentheses are t-statistics.

Source: own

Tab. 2: Baseline regression results
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the  first batch of  “National Civilized Cities” 
were selected and commended. We set 2004 
as  the base period and unified the fifth period 
after policy implementation and subsequent 
periods as the fifth period, constructing the fol-
lowing dynamic equation:

�TQDit = α + ∑5
k=–4 βk NCCi,t + k + γXit + 

+ δt + μi + ϵit	
(2)

As  shown in  Fig.  2, before policy imple-
mentation, the  treatment and control groups 

exhibited essentially consistent trends in sus-
tainable tourism development levels, with no 
significant differences between groups. This 
phenomenon indicates that before receiving 
National Civilized City designation, treat-
ment and control groups followed similar 
development trajectories, meeting the  basic 
requirements of  the  parallel trends assump-
tion and effectively eliminating the  possibility 
of  reverse causality. After policy implementa-
tion, the  treatment group’s sustainable tour-
ism development levels began to significantly 

exceed the control group’s, with the gap grad-
ually widening over time, providing intuitive 
evidence that National Civilized City selection 
promotes sustainable tourism development.

Next, we conducted a placebo test, advanc-
ing the  National Civilized City policy imple-
mentation time by two years and re-estimating 
the policy effect. As shown in Fig. 3, before and 
after the  fictional policy time point, changes 
in  differences between treatment and control 
groups’ sustainable tourism development levels 
were not significant, with the coefficient of  the 
pseudo-treatment effect statistically insignifi-
cant, further verifying that the policy effect found 
in  the baseline model was not driven by other 
factors or trends.

Third, we replaced the measurement meth-
od for the explained variable, using only the en-
tropy weight method rather than the  entropy 
weight-TOPSIS method to  measure sustain-
able tourism development levels, testing result 
sensitivity to  indicator construction methods. 
Tab. 3 shows regression results after replacing 
the  proxy variable, with the  coefficient of  Na-
tional Civilized City selection remaining positive 
and significant (0.0275), indicating that our 
research conclusions have strong robustness.

Fourth, we  adopted propensity score 
matching combined with difference-in-differ-
ences (PSM-DID) to  further mitigate selection 
bias issues. Tab. 4 reports PSM-DID estimation 
results, with the coefficient of National Civilized 

Fig. 2: Parallel trends test

Source: own
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City selection remaining positive and significant 
under both nearest neighbor matching (0.0258) 
and kernel matching (0.0262) methods, though 
slightly smaller than the  baseline model, indi-
cating more accurate policy effect estimation 
after considering systematic differences in ob-
servable characteristics. Finally, to  exclude 

interference from other concurrent policies, 
we added dummy variables for concurrent poli-
cies of new urbanization demonstration zones 
and smart city pilots to  the  model. As  shown 
in  column  3 of  Tab.  4, after controlling for 
these concurrent policies, the coefficient of Na-
tional Civilized City selection (0.0271) remained 

Fig. 3: Placebo test

Source: own

Variable
(1) (2)

TQD TQD

NCC
0.0318*** 0.0275**

(2.7200) (2.3500)

Controls No Yes

City Yes Yes

Year Yes Yes

N 5,620 5,620

R² 0.5290 0.6350

Note: ***, **, and * indicate significance at the 1, 5, and 10% levels, respectively; values in parentheses are t-statistics.

Source: own

Tab. 3: Regression results with alternative proxy variables
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significantly positive with little change in value, 
indicating that our identified policy effect indeed 
comes from National Civilized City selection 
rather than other urban development policies. 
Our  research conclusions are strongly sup-
ported through this series of robustness tests.

3.4	 Heterogeneity analysis
To explore in  depth the  differentiated impact 
of National Civilized City selection on sustainable 

tourism development in different types of cities, 
this paper conducted heterogeneity analysis 
from the  dimensions of  industrial structure 
and digital infrastructure, with results shown 
in Tab. 5. In the industrial structure dimension, 
using tertiary industry added value as a propor-
tion of GDP above the median as the standard, 
the  sample was divided into service-led cities 
and non-service-led cities. Results from col-
umns  1–2 show that the  enhancement effect 

Variable

(1) (2) (3)
Nearest neighbor 

matching Kernel matching Controlling for  
concurrent policies

TQD TQD TQD

NCC
0.0258** 0.0262** 0.0271**

(2.2300) (2.4900) (2.4100)

Controls Yes Yes Yes

City Yes Yes Yes

Year Yes Yes Yes

N 4,328 4,876 5,620

R² 0.6350 0.6420 0.6520

Note: ***, **, and * indicate significance at the 1, 5, and 10% levels, respectively; values in parentheses are t-statistics.

Source: own

Tab. 4: PSM-DID test and exclusion of concurrent policy interference

Variable

(1) (2) (3) (4)

Service-led Non-service-led High  
digitalization Low digitalization

TQD TQD TQD TQD

NCC
0.0327*** 0.0235** 0.0342*** 0.0218**

(3.1400) (2.1000) (3.4900) (2.0400)

Controls Yes Yes Yes Yes

City Yes Yes Yes Yes

Year Yes Yes Yes Yes

R² 0.6580 0.6290 0.6640 0.6310

Empirical p-value 0.0420 0.0370

Note: ***, **, and * indicate significance at the 1, 5, and 10% levels, respectively; values in parentheses are t-statistics.

Source: own

Tab. 5: Heterogeneity test results
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of National Civilized City selection on sustain-
able tourism development levels is significantly 
higher in service-led cities (0.0327) than in non-
service-led cities (0.0235), with the p-value for 
the difference between the  two groups’ coeffi-
cients at 0.042, significant at the 5% level. This 
result indicates that cities with better service in-
dustry development foundations can more fully 
utilize the  National Civilized City brand effect, 
achieving coordinated development between 
tourism and related service industries, forming 
a virtuous interactive cycle.

In the digital infrastructure dimension, using 
whether the number of  internet broadband ac-
cess users per 10,000 people is above the me-
dian as the standard, the sample was divided into 
high-digitalization cities and low-digitalization 
cities. Results from columns  3–4 show that 
the promotional effect of National Civilized City 
selection on  sustainable tourism development 
levels is significantly stronger in high-digitaliza-
tion cities (0.0342) than in low-digitalization cit-
ies (0.0218), with the p-value for the difference 
between the  two groups’ coefficients at 0.037, 
significant at  the 5%  level. This indicates that 
cities with well-developed digital infrastructure 
can better leverage information technology 
to  amplify the  civilized city brand effect, such 
as through promoting city image via digital plat-
forms, providing smart tourism services, and 

optimizing tourism management, thereby more 
effectively enhancing sustainable tourism 
development levels. These heterogeneity 
analysis results provide important references 
for cities to  formulate tourism development 
strategies suited to  local conditions, with dif-
ferent types of cities needing to  fully leverage 
National Civilized City brand value based 
on their own conditions to promote sustainable 
tourism development.

3.5	 Mechanism tests
Based on the  theoretical analysis above, this 
study further explores the specific mechanisms 
through which National Civilized City selection 
influences sustainable tourism development, 
focusing on examining two potential channels: 
tourism market attractiveness and tourism en-
trepreneurial vitality, with related results shown 
in Tab. 6. Columns 1–2 show the impact of Na-
tional Civilized City selection (NCC) on tourism 
market attractiveness (TAT). Results show that 
after controlling for relevant factors, receiving 
National Civilized City designation increases 
a  city’s tourism arrival ratio by  an  average 
of  0.1642%, significant at  the  1%  level. This 
indicates that National Civilized City selection 
significantly enhances cities’ attractiveness 
to  tourists and expands tourism market scale 
by  improving city recognition, enhancing city 

Variable
(1) (2) (3) (4)

TAT TQD TEA TQD

NCC
0.1642*** 0.0264** 0.1847** 0.0251**

(3.6300) (2.3500) (2.3600) (2.2400)

TAT
0.0124***
(3.3500)

TEA
0.0181***

(2.8300)
Controls Yes Yes Yes Yes

City Yes Yes Yes Yes
Year Yes Yes Yes Yes

N 5,620 5,620 5,620 5,620
R² 0.6320 0.6390 0.6240 0.6350

Note: ***, **, and * indicate significance at the 1, 5, and 10% levels, respectively; values in parentheses are t-statistics.

Source: own

Tab. 6: Mechanism analysis results



2552026, volume 29, issue 2, pp. 240–260, DOI: 10.15240/tul/001/2026-2-015

Marketing and Trade

image, and optimizing urban environment. Col-
umns 3–4 show the impact of National Civilized 
City selection on  tourism entrepreneurial vital-
ity (TEA), with results indicating that receiving 
National Civilized City designation increases 
the  number of  newly established tourism en-
terprises by  an  average of  18.47, significant 
at  the  5%  level. This confirms that National 
Civilized City selection effectively promotes 
the  cultivation of  tourism market entities and 
activates tourism entrepreneurship by  improv-
ing the urban business environment, boosting 
market confidence, and enhancing tourism 
prospect expectations.

Furthermore, we  analyzed the  impact 
of  tourism market attractiveness and tourism 
entrepreneurial vitality on  sustainable tourism 
development levels. Results show that for each 
1% increase in tourism arrival ratio (TAT), sus-
tainable tourism development levels increase 
by an average of 0.0124 units; for each 1% in-
crease in newly established tourism enterprises 
(TEA), sustainable tourism development levels 
increase by  an  average of  0.0181  units, with 
coefficients for both variables statistically 
significant. Combining these results, we  can 
confirm that National Civilized City selection 
significantly promotes sustainable tourism 
development level enhancement by  improving 
tourism market attractiveness and promoting 
tourism entrepreneurial vitality. This mechanism 
analysis not only provides empirical evidence 
for understanding the inherent pathways of city 
branding in  promoting tourism development 
but also offers important references for related 
policy formulation and practice.

Synthesizing the  mechanism analysis 
results, we can confirm that National Civilized 
City selection promotes sustainable tourism 
development level enhancement through two 
pathways: “improving city image → enhancing 
tourism attractiveness  →  expanding tourism 
market scale” and “optimizing business envi-
ronment → stimulating tourism entrepreneurial 
vitality  →  strengthening industry development 
momentum”, forming a  “dual-wheel drive” 
mechanism. These findings provide robust 
empirical validation for H2 and H3, demonstrat-
ing that city branding operates through both 
demand-side market attraction and supply-side 
entrepreneurial stimulation mechanisms. This 
dual-pathway mechanism reveals the  intrinsic 
connection between urban soft power construc-
tion and industrial development, indicating that 

civilized city creation should be incorporated into 
comprehensive urban industrial development 
strategies rather than treated as  standalone 
image projects.

4	 Discussion
The positive relationship between city branding 
and sustainable tourism development observed 
in  our study engages with and extends exist-
ing international scholarship on place branding 
effectiveness while addressing critical gaps 
in  mechanistic understanding. Our  empirical 
findings regarding the significant impact of Na-
tional Civilized City designation on  tourism 
development validate the  broader theoretical 
proposition that place branding substantially 
influences visitors’ responses, leading to  im-
proved destination image, trust, value, and 
loyalty (Ozer et al., 2025). However, our contri-
bution transcends mere validation by empirically 
identifying and quantifying specific transmis-
sion mechanisms, tourism market attractive-
ness and entrepreneurial vitality, that previous 
research has largely treated as theoretical con-
structs rather than measurable pathways. This 
mechanistic precision addresses a critical gap 
in  the  literature where scholars have acknowl-
edged the  importance of  place branding for 
tourism outcomes without adequately explain-
ing how these effects materialize in  practice 
through identifiable causal chains (Rinaldi et al., 
2021). Our  comprehensive evaluation frame-
work for sustainable tourism development, 
encompassing innovation, coordination, green 
development, openness, and sharing dimen-
sions, aligns with contemporary perspectives 
that recognize the necessity of integrating eco-
nomic vitality, social equity, and environmental 
responsibility in destination branding strategies 
(Khater et al., 2024). The multidimensional na-
ture of our measurement system resonates with 
research identifying key clustering attributes for 
sustainable destinations, including cultural and 
natural attributes, seasonality considerations, 
and tourist profiles, while extending beyond de-
scriptive categorization to  provide quantitative 
assessment capabilities that enable more rigor-
ous empirical testing (Ivars-Baidal et al., 2023; 
Schianetz &  Kavanagh, 2008). This advance-
ment in measurement methodology represents 
an  important step toward operationalizing 
abstract sustainability concepts into tangible 
evaluation frameworks that can guide destina-
tion management and policy formulation.
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The  heterogeneous effects we  identified 
across different urban typologies engage 
with emerging theoretical frameworks that 
emphasize the  contextual nature of  place 
branding effectiveness and challenge con-
ventional assumptions about universal ap-
plicability of  branding strategies. Our  finding 
that service-led and highly digitalized cities 
experience substantially stronger benefits from 
civilized city designation supports scholarship 
highlighting the  role of  boundary spanners 
and local capacity in mediating between global 
branding strategies and local implementation 
contexts (Rinaldi et al., 2021). This heterogene-
ity challenges universalist assumptions about 
place branding effectiveness while supporting 
research demonstrating that stakeholders from 
local state, destinations, businesses, and com-
munities negotiate influence and legitimacy 
in the place branding process, with institutional 
arrangements and cultural capital playing sig-
nificant mediating roles (Leiras et  al., 2025; 
Reynolds et al., 2022). Our results extend this 
understanding by  quantifying how existing ur-
ban characteristics, particularly service sector 
development and digital infrastructure, moder-
ate branding effectiveness, suggesting that 
successful place branding requires not merely 
strategic communication but foundational insti-
tutional and economic capabilities that enable 
cities to leverage brand value effectively (Hos-
sain et al., 2025). The implications of this find-
ing extend beyond China’s institutional context 
to inform broader debates about the conditions 
under which place branding initiatives can gen-
erate meaningful sustainability outcomes rather 
than merely appropriating sustainability dis-
course for competitive advantage. The cultural 
heritage aspects emphasized in  our analysis 
of  National Civilized City designation comple-
ment international research on heritage-based 
place branding, which explores how cultural 
assets can be leveraged for sustainable tour-
ism development through network formation 
and collaborative governance mechanisms 
(Pai  et  al., 2025). However, our findings ad-
vance this conversation by  demonstrating 
that culturally-oriented city brands can effec-
tively support sustainable tourism development 
across different institutional contexts, provided 
they are backed by  genuine improvements 
in urban governance and service quality rather 
than superficial image management exercises 
that prioritize symbolic politics over substantive 

policy interventions (Bruin et  al., 2025; Gon-
zalez &  Gale, 2023). This distinction between 
authentic and performative branding represents 
an  important contribution to  ongoing debates 
about the  relationship between city branding 
and sustainable development outcomes.

Conclusions
Main findings. Based on  panel data from 
281  Chinese cities from 2002–2022, this 
study systematically examines the  impact of 
National Civilized City selection on  sustain-
able tourism development and its mechanisms 
using a multiple-period difference-in-differences 
model. Our empirical analysis reveals three key 
findings that challenge conventional wisdom 
about city branding effectiveness. First, Na-
tional Civilized City designation significantly en-
hances urban sustainable tourism development 
levels by an average of 0.0284 units, a finding 
that remains robust across multiple specifica-
tion tests and alternative methodologies. This 
effect represents not merely statistical signifi-
cance but practical importance, demonstrating 
that authoritative city certifications can indeed 
translate abstract brand value into measurable 
tourism outcomes. Second, we  identify and 
empirically validate two distinct transmission 
mechanisms through which city branding oper-
ates: enhancing tourism market attractiveness 
and stimulating tourism entrepreneurial vital-
ity. This dual-pathway mechanism forms what 
we term a “virtuous amplification cycle”, where 
improved city image attracts more tourists while 
simultaneously creating business opportunities 
that further enhance the city’s tourism appeal. 
Third, the promotional effects demonstrate sig-
nificant heterogeneity across urban typologies, 
with service-dominated and highly digitalized 
cities experiencing substantially stronger 
benefits from civilized city designation. This 
heterogeneity suggests that city branding ef-
fectiveness is not universal but contingent upon 
existing urban capabilities and institutional 
arrangements.

Theoretical contributions. This study 
advances theoretical understanding across 
multiple domains, offering contributions that 
extend beyond traditional disciplinary boundar-
ies. From a  resource-based theory perspec-
tive, we demonstrate that city brands function 
as unique intangible resources capable of gen-
erating sustainable competitive advantages 
through the  VRIO  framework (valuable, rare, 
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inimitable, and organizationally embedded), 
they are valuable in  attracting tourists and 
investment, rare due to  stringent selection 
criteria, inimitable because of their institutional 
backing, and organizationally embedded within 
urban governance structures. Our  signaling 
theory contributions lie in  empirically validat-
ing how authoritative city certifications serve 
as  quality signals that reduce information 
asymmetry between destinations and potential 
tourists, extending signaling theory beyond tra-
ditional corporate applications to public sector 
branding contexts. From brand spillover effects 
theory, we  reveal how city brands transform 
into tourism brand assets through extension 
mechanisms, expanding brand theory’s appli-
cable boundaries by showing how general city 
reputation can be channeled into sector-specific 
advantages. Additionally, our construction 
of  a  multidimensional sustainable tourism de
velopment evaluation system provides new 
methodological contributions for quantitatively 
measuring tourism sustainability, integrating 
innovation, coordination, green development, 
openness, and sharing dimensions to  offer 
a more nuanced assessment tool than existing 
single-indicator approaches.

Practical implications. The  practical im-
plications of  this research extend far beyond 
academic interest, offering strategic insights 
that can reshape how urban managers ap-
proach city branding and tourism development. 
Our  findings demonstrate that city branding 
represents more than symbolic politics or  im-
age management, it constitutes a  powerful 
economic development tool capable of gener-
ating measurable returns on investment. Urban 
managers should therefore integrate branding 
activities such as  civilized city creation into 
comprehensive urban industrial development 
strategies rather than treating them as  stand-
alone public relations exercises. The identifica-
tion of heterogeneous effects across city types 
suggests that successful branding strategies 
must be tailored to  local contexts and capa-
bilities. Service-dominated cities should focus 
on  leveraging synergies between tourism and 
other service industries, exploring opportunities 
for industrial chain extension and value chain 
enhancement that maximize cross-sectoral 
spillovers. Highly digitalized cities should 
capitalize on  their technological advantages 
to accelerate smart tourism development, using 
digital platforms to  amplify branding effects 

and enhance visitor experiences through in-
novation. For cities lacking these comparative 
advantages, our findings suggest that build-
ing foundational capabilities in  service sector 
development or  digital infrastructure may be 
prerequisites for maximizing branding invest-
ment returns. Additionally, the dual-mechanism 
nature of  branding effects, operating through 
both market attractiveness and entrepreneur-
ial vitality, implies that successful city brand-
ing requires coordinated attention to  both 
demand-side marketing and supply-side busi-
ness environment optimization.

Research limitations and future direc-
tions. While this study provides robust evidence 
for city branding effects on sustainable tourism 
development, several limitations suggest im-
portant directions for future research. First, our 
analysis focuses exclusively on Chinese cities, 
limiting the  international generalizability of our 
findings. The  institutional context of  China’s 
National Civilized City program, with its strong 
government backing and comprehensive evalu-
ation criteria, may not translate directly to other 
national contexts where city branding operates 
through different mechanisms or institutional ar-
rangements. Future research should examine 
similar phenomena across diverse institutional 
and cultural contexts to establish the universal-
ity of our identified mechanisms.

Second, our measurement of  sustainable 
tourism development, while comprehensive 
in its five-dimensional framework, relies primarily 
on quantitative indicators that may not fully cap-
ture qualitative aspects of sustainability. Although 
our evaluation system integrates innovation, 
coordination, green development, openness, and 
sharing dimensions, certain critical elements, such 
as  local community satisfaction, cultural authen-
ticity preservation, and long-term environmental 
resilience remain challenging to  quantify using 
available statistical data. Future research could 
complement our quantitative approach with quali-
tative assessments that incorporate stakeholder 
perspectives, particularly from local residents 
and small-scale tourism operators whose voices 
are often marginalized in  large-scale statistical 
analyses. Mixed-methods approaches combining 
panel data analysis with in-depth case studies 
could provide richer understanding of  how city 
branding initiatives actually affect different com-
munity groups and whether the observed tourism 
development genuinely aligns with sustainability 
principles beyond measurable indicators.
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Third, our study examines a relatively short 
time horizon following National Civilized City 
designation, which may not adequately capture 
long-term dynamics and potential diminishing 
returns of  branding effects. While our dataset 
spans two decades, the temporal lag between 
certification and observable impacts, combined 
with periodic re-evaluations of  civilized city 
status, creates complexity in  distinguishing 
between initial branding effects and sustained 
impacts. The  possibility exists that branding 
effects may decay over time as  the  novelty 
wears off or as competing cities acquire similar 
designations, potentially diluting the  com-
petitive advantage initially gained. Longitudinal 
research extending beyond our observation pe-
riod could examine whether the positive effects 
we  identified persist, strengthen, or  weaken 
over extended timeframes, and whether cities 
must continuously reinvest in  brand mainte-
nance to sustain tourism development benefits. 
Additionally, future studies could investigate po-
tential non-linear relationships between brand-
ing duration and tourism outcomes, exploring 
whether optimal branding lifecycles exist.

Fourth, our quantitative methodology, while 
rigorous for establishing causal relationships, 
provides limited insight into the micro-level pro-
cesses through which branding effects manifest 
in  practice. Future research combining quan-
titative analysis with qualitative case studies 
could illuminate the behavioral mechanisms un-
derlying our statistical findings, particularly re-
garding how tourists, entrepreneurs, and other 
stakeholders actually respond to city branding 
initiatives.
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