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Abstract: The motivation for study derives from the requirements imposed by the European Union
Corporate Sustainability Reporting Directive, which increases the sustainability reporting scope
and the need for companies to use emerging digital technologies. The research aim is to evaluate
the digital transformation impact of the European Union companies on sustainability reporting
expressed through three sustainable performance indicators (economic, social, and ecological) based
on a conceptual model. The data were collected from Eurostat for 2011–2021. The study proposes
a framework for sustainable performance analysis through linear regression models and structural
equations. Additionally, a hierarchy of digitization indicators is created by modeling structural
equations, depending on their impact on sustainability performance indicators, which is validated
using neural networks. The results indicate that the company’s digital transformation indicators
positively influence economic and social performance and lead to an improved environmental
protection (a decrease in pollution), proving the established hypotheses’ validity. The proposed
model can be the basis for companies to create their dashboards for analyzing and monitoring
sustainable performance. This research can be the basis of other studies, having a significant role in
establishing economic and environmental strategies to stimulate an increase of companies that carry
out sustainability reporting.

Keywords: sustainability reporting; digital transformation; modeling structural equations; artificial
neural networks; European Union; digital technologies; cloud computing

1. Introduction

The COVID-19 crisis has emphasized the need for a response that brings long-term
benefits to European society and competitiveness, with sustainability becoming an in-
creasingly important dimension for companies and society. Consequently, companies are
pushed to implement sustainability-oriented practices and report on financial and social
performance and environmental aspects.

After 2015, at the European Union (EU) level, a higher emphasis was placed on non-
financial (sustainable) reporting [1]. Given that climate change is increasingly visible and
the impact of the COVID-19 crisis on companies was powerful, a new directive of the
European Union, the Corporate Sustainability Reporting Directive (CSRD) [2], established
that companies should publish more information related to sustainability, with a particular
emphasis on the connectivity between financial and sustainability statements. Thus, compa-
nies must make significant changes in the reporting way due to the impact of their activities
on the environment and society. In achieving these objectives, companies rely on modern
technologies that increase their transparency and also identify risks and opportunities
for long-term business development. Thus, by the digital compass for 2030 [3], the EU
establishes the companies to benefit from and use the latest digital technologies to ensure
Europe’s recovery and regain a competitive position in the global economy.
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Technology and digital infrastructure have further highlighted their need in busi-
ness environments with the COVID-19 pandemic to communicate, work, and respond
to current environmental issues. Along with the digitalization of companies, the strong
positive impact of the digitalization of financial-accounting reporting systems on the qual-
ity of information was demonstrated [4–8]. The COVID-19 pandemic required the rapid
reorganization and digitization of all management and decision-making processes, with
financial-accounting reporting occupying, in this approach, a central place [9,10].

Digitalization creates opportunities to exploit information more efficiently and enables
the centralization of data at the EU and countries’ member levels in an open and accessible
format that facilitates knowledge and comparison of data. In this context, the digital
transformation of economic entities and usage tools specific to Industry 4.0. outlines a new
vision for the reporting environment [11].

Following the research of the specialized literature regarding the role of digitization
in the activity of sustainable reporting both at the company level and at the country
or regional level, we found that such information is missing. Consequently, the paper’s
purpose is to evaluate the extent to which digitalization influences the sustainable reporting
process of European Union companies. The motivation for carrying out this study derives
from the requirements imposed by the EU [2], which increase the scope of sustainability
reporting, thus highlighting the need of companies to use emerging digital technologies for
reporting efficiency.

This research proposes a conceptual model, created on the example of the EU, to
evaluate the impact of digitization (through a series of digital technology indicators) on
sustainable reporting expressed through three categories of sustainability performance
indicators (economic, social, and ecological). Each category indicator was established
based on the existence of information; it was collected for the EU for 2011–2021. The
study is a subject of great interest both from a scientific and political point of view to take
effective and sustainable economic policy measures both at the EU level and at the level of
each member country for the integration of digital technologies to companies for effective
sustainability reporting.

The study is structured in two parts. In the first part, the existence of causal rela-
tionships between the indicators of sustainable performance and those of digitalization
proposed in the model is investigated and the significance of these relationships is esti-
mated through linear regression models and structural equation models (SEM). The second
part makes a hierarchy of digitalization indicators according to their impact on sustain-
ability reporting indicators by structural equation modeling (SEM). The obtained results
are validated using neural networks (ANN). The research novelty consists of a conceptual
model created by the authors for evaluating the relationship between sustainable reporting
and digitalization and using an SEM-ANN model for the digitalization indicators ranking
on sustainable reporting, according to their impact.

The results indicate that digital transformation indicators of companies positively
influence economic and social performance. At the same time, the implementation of
digitization leads to an increase in the protection of the environment, respectively, a
decrease in pollution. The model proposed in the paper can become a framework for
creating dashboards at the macro or microeconomic level with indicators that are the basis
of sustainability reporting. In conclusion, it is clear that in an interconnected world, EU
states need to implement the latest digital technologies at the level of their entities to enable
citizens and companies to take advantage of the potential of digital transformation and
contribute to creating a healthier, more prosperous, and more ecological society.

The article is structured in five sections. After the introduction and the specialized
literature review in the third section, the conceptual model indicators and the research
methodology are presented. Next, the research findings and discussions based on them
are presented in Section 4. Finally, Section 5 concludes the study findings and outlines the
research limitations and directions for future research.
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2. Theoretical Background and Development of Hypotheses
2.1. The Digitization Role in Sustainability Reporting

The significant importance given to ensuring a sustainable environment led to a global
initiative accomplishment, “Transforming our world: The 2030 Agenda for Sustainable
Development” [12], whose objectives had in mind the three dimensions of sustainable
development: economic, social, and environmental. The objective achievement is based on
the joint action of all society entities, especially companies, through the implementation of
sustainable strategies [13].

Through sustainability reporting, companies are more transparent about the risks
and opportunities they face. Thus, companies involved in sustainability reporting must
determine what information and indicators they report and how to communicate them [14].

A general framework for the company’s sustainability reporting was made [15], which
includes reliable and valid universal measurement standards of environmental, social,
and governance variables, thus increasing transparency on their contribution to society’s
durable development variables. At the European level, a published sustainability report
measures how well companies integrate these elements into their practices. These are
effective means of allowing companies to respond in a single document to a wide variety of
issues raised by stakeholders (for example, investors). At the same time, the EU reporting
standards impose a digital taxonomy on sustainability to allow the rigorous collection
of information on environmental factors (climate change, pollution, water and marine
sources, resources, and circular economy, biodiversity, and ecosystems), social factors (own
workforce, workers in the value chain, affected communities, consumers, and end users),
and governance factors (governance, risk management, and internal control, business
conduct) [2].

The crisis caused by the COVID-19 pandemic has had a significant impact on the
extent to which companies have taken steps toward digital transformation to easily manage
the threats and opportunities in their transformation [16].

Analyzing the relationship between digitalization and sustainability reporting is
particularly important because understanding digitalization and sustainability determines
how different actors (including managers and policymakers) act [17]. Some studies find
that digitalization has a significant impact on ecological and economic sustainability and a
less significant effect on social sustainability [18].

At the EU level, the digital transformation of businesses is one of the main pillars of
the digital compass, and by 2030, 75% of companies will have to use emergent technologies
(cloud computing, big data, and artificial intelligence services) [3]. In this way, by building
and deploying the technological capabilities that allow companies to take advantage of the
potential of digital transformation, the EU will contribute to sustainable society creation.

The Fourth Industrial Revolution (Industry 4.0) is the basis for implementing business
model innovation strategies and transformation by ensuring sustainable business perfor-
mance [19]. Industry 4.0 technologies have guided the companies reporting to achieve
sustainable reporting [20,21] and the era of Industry 5.0. will continue to excel in the
perspective of digital sustainability reporting [22]. The use of Industry 4.0 and 5.0 for the
digitalization of companies involves the use of emergent technologies (artificial intelligence,
blockchain, intelligent data analysis and cyber security, cloud computing, big data, Internet
of Things, Internet of Everything, and augmented reality) that contribute to the remodeling
of companies’ businesses [23]. At the same time, modern technologies offer real-time con-
nectivity to company-specific processes and information, facilitating the decision-making
process and contributing to the efficiency of employees’ work [24].

The digitalization process requires, in addition to a well-organized implementation
plan, a specialization of the human factor, which changes the role of professionals. It is
found that the digitalization of financial-accounting activity is not only a modern solution
imposed by technological progress, but it is necessary and timely to anticipate the uncertain
economic and social context [25,26].
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In the EU, the need for the fastest possible integration of modern technologies at
the level of companies has required states to invest in digital infrastructure to stimulate
Europe’s competitiveness and green transition [27].

The need to achieve sustainability reporting at the company and institutional level
to ensure sustainable development at the regional level [28] has required paying more
attention to the reporting area of companies [21,29], highlighting the opportunities and
benefits of integrating social and environmental components in financial accounting, in
order to provide the information needed to increase investment [30].

2.2. Conectivity

The main characteristic of digitization and globalization is digital connectivity, linking
companies across the world despite extreme uncertainties and disruptions. Global connec-
tivity connects nations, industries, companies, and individuals around the world through
flows of data, information, ideas, and knowledge, and through flows of goods, services,
investment, and capital that are digitally enabled and supported [31,32].

The increased demand for the integration of information and communication tech-
nologies at the level of companies’ activity shows a tendency to automate and achieve
the exchange of information through new technologies (artificial intelligence, the Internet
of Things, software robots, and cyber security) [33,34]. The dominant business models
carried out on the Internet have the connectivity-content-context-commerce typology [35].
Thus, connectivity plays a fundamental role by introducing telecommunications in the
I4.0 context, ensuring secure data exchange and transparent communication [36]. Good
connectivity can be achieved by implementing advanced technologies (the fifth generation
of mobile networks—5G) that meet the requirements for high-traffic volume real-time
communications [37].

The new connectivity in digital form is an essential characteristic for companies to
face the uncertainties in the modern world (pandemics, crises), to lead to organizational
resilience improvement and to protect the environment [38]. The COVID-19 pandemic has
made a possible radical shift to digital connectivity. Rapidly, companies have intensified
their use of digital technologies, and digital business models and virtualized businesses
have proven to be scalable and have a great contribution to reducing pollution [31]. At
the same time, the implications of the digital divide [39], both on the capacities of small
and medium-sized companies (SMEs) to operate in difficult economic times and the gap
between levels of digital connectivity were evident [40]. Investments in infrastructure
have led to improved digital connectivity providing a range of opportunities for access to
broadband and high-speed services, which have narrowed the digital divide [41,42].

Most studies so far have interpreted digital connectivity in terms of connectivity tech-
nologies (ICT, cloud services, IoT, AI, and data analytics) that really serve as the foundation
for connection with corporate members and the business community. However, digital
connectivity goes beyond the usability of these technologies and encourages innovation,
increasing efficiency through new business model use, simplified processes, intelligent
decision-making, and adding value through customer experience [38,43]. It is obvious that
a company that has greater connectivity can more easily enter new markets, encourages
creativity, and offers a high capacity for reaction and adaptability in the organization of
activities [44].

Based on the specialized literature that analyzed the factors that make connectivity
the fundamental element for carrying out the activities of companies in the digital age, to
determine the role in sustainable reporting, we formulated the following hypothesis:

Hypothesis 1 (H1). Connectivity (CO) has a significant favorable influence on economic (EP) and
social performance (SP) and an indirect influential on environmental indicators (NP).
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2.3. Websites and Use of Social Media

The progress made by information and communication technologies has made com-
panies invest more and more in digitalization, from simple websites to the integration of
technology in all sectors of a business [45]. Through the Internet, by implementing websites,
companies can make their brand known, support online and offline business promotion,
generate contests and promote events, make direct sales, and discover community members
interested in their products and services [46,47]. Stakeholder communication on websites is
of better quality for larger companies due to their more significant resources [48,49]. Web-
sites, social networks, and electronic commerce have a significant contribution to marketing
activity, making the activity of companies more efficient [50–53]. Marketers must carefully
coordinate the use of different digital tools to ensure that they reach their target market in
an adequate manner [54]. Companies use social media to promote their products, services,
and brands, build a brand image, and manage customer relationships [55]. Advances in
Web 2.0 technologies and growing applications of social networks have revolutionized
business models and operations, leading them to sustainable development and environ-
mental protection [56–59]. The current trend is for companies to see social networks as
an optimal way to improve lasting and valuable relationships with other companies [60].
Discrepancies between business sectors in online activity and engagement trends suggest a
low social media presence of SME activity [61].

The analysis of the factors that make the use of the Web and social networks a com-
pelling experience for companies in the process of collecting information for the achieve-
ment of sustainable reporting led to the formulation of the following hypothesis:

Hypothesis 2 (H2). Websites and the use of social media (WS) have a significant favorable influence
on economic (EP) and social (SP) performance and a significant inverse influence on environmental
performance (NP).

2.4. Information Management

Sustainability reporting promotes transparency. This imposes the need for quality
information collection to measure corporate sustainability progress [62]. Thus, an informa-
tion system implementation based on modern technologies has a positive and significant
effect on the quality of reporting [9,63,64].

The digital transformation in reporting activity (blockchain, big data), supported by
cloud-based analytical tools and artificial intelligence, brings new challenges and opportu-
nities to finance and accounting services [65,66], automating the decision-making process
on a large scale [67,68].

Industry 4.0 offers enormous potential to the field of reporting, a series of routine tasks
can be automated, and people are being replaced by robots. Thus, people allocate more
time to enriching their creativity and bringing added value to companies [66,69].

The impact of information technology on the financial-accounting reporting system
improves the quality and performance of reporting transparently and securely; the in-
tegrity and quality of reporting information is a challenge that comes with technological
evolution [70].

At the level of companies, the most used technical tool that manages and facilitates the
flow of information is Enterprise Resource Planning (ERP) because it provides accurate and
timely information for decision-makers [38], allowing companies to make effective strategic
decisions and increase productivity [71,72]. The dynamic development of technology and
changing needs of companies have resulted in the evolution of ERP systems [73], and the
expansion of some ERP capabilities to bring more value to the company [74] and greater
user satisfaction [75,76].

The incorporation of blockchain technology (BT) into ERP systems is the next genera-
tion in business technology, which will transform business operations and the functionality
of companies in a new and modern way, enabling real data interoperability for various
commercial and banking services (online payments, trade, contract management facilities,
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finance, and accounting) [77]. At the same time, BT integration with ERP can considerably
improve the business process productivity, speed, flexibility, and quality [78,79].

Digitalization is transforming the work of tax administrators and increasing their
ability to collect, process, and monitor tax information. Thus, electronic invoicing (e-
invoicing) allows the automatic transfer of invoicing information between companies and
the tax authority, better integration of invoicing and payment systems, improved accuracy
and security of information, and easier access to collection operations/payments, replacing
cumbersome paper processes [80,81].

The COVID-19 pandemic had a massive negative impact on marketing processes [82].
Thus, to facilitate interactions with customers, along with ERP, companies had to imple-
ment customer relationship management (CRM) applications [83], which, apart from their
promotion role, also constitute a strategic social responsibility initiative [84].

CRM is efficient for a favorable brand image and attitude by increasing purchase inten-
tion, increasing sales [67], achieving higher profits, and adding shareholder value [85]. With
CRM implementation, the company considers factors that can reduce skepticism and in-
crease customer satisfaction [86,87], improving the company–customer relationship [88,89]
and helping the company to respond and adapt its activity according to customer require-
ments [36,90].

Taking into account the research findings regarding the importance of IT systems in
sustainable reporting, the following hypothesis is formulated:

Hypothesis 3 (H3). Information management (IM) has a positive and significant impact on
economic (EP) and social (SP) indicators and an indirect influence on environmental indicators (NP).

2.5. Electronic Commerce

The COVID-19 pandemic has forced an increase in the popularity of e-commerce
in all EU member states due to the need to carry out transactions and interactions at a
distance. At the same time, the pandemic had damaging effects on many companies, but
those with strong e-commerce channels maintained their activity during the crisis and at
least compensated for some of the losses from physical sales points [91].

The acceleration of digital transformation has given companies agility in making
decisions; electronic commerce has become a condition for business development and
establishing optimal relationships with customers [92], innovative marketing strategies
adopted, and new business models [93,94]. At the company level, e-commerce optimizes
the supply chain, automates internal processes, and provides real-time information on
inventory, production, sales, and distribution, bringing added value to products and
services [95], resulting in financial gains and access to a wide range of markets, and also
provides improved customer service [96].

The studies carried out on customer satisfaction regarding the use of electronic com-
merce during the pandemic have shown that if they are satisfied, they will continue to use
this type of commerce in the long term, which will produce a significant transformation
from a technological, social, and economic point of view [97].

Electronic commerce implementation is essential for the adaptation of companies
to the digital era to increase sustainable performance, which is why we formulated the
following hypothesis:

Hypothesis 4 (H4). Electronic commerce (EC) positively and significantly influences economic per-
formance (EP) and social performance (SP) and has a significant inverse influence on environmental
performance (NP).

2.6. E-Government

The COVID-19 pandemic has forced a rapid change in how companies interact with
each other and with state institutions, with social media sites becoming the main tool to
face these challenges [98].
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In moving to e-government, states had to consider several factors to overcome the
difficulties of infrastructure, and cultural, political, technical, and social aspects [99]. How-
ever, adequate infrastructure provision alone is not sufficient to ensure the success of
e-government [100]. An increase in the quality of information [101] and cyber security is
needed so that companies stimulate the acceptance and use of e-government services [102].
At the same time, by knowing the companies’ perceptions of the use of electronic services,
it will be possible to increase their quality through total digitization, alignment with the
companies’ requirements, and periodic data updating [103].

The study of the link between e-government and sustainable performance for Euro-
pean states demonstrated the positive impact of e-government [104].

Following the literature research, the following hypothesis emerges for investigating
the effect of governance services on sustainable reporting:

Hypothesis 5 (H5). E-Government (EG) has a significant positive impact on economic (EP)
and social (SP) indicators, and on environmental indicators, it exerts an influence in the opposite
direction but is significant (NP).

2.7. Other Uses of ICTs

Digital transformation in the reporting activity is supported by analytical tools based
on cloud technology [68] which have contributed to sustainable business performance
improvement. The adoption of cloud technology by companies [105] allows access to
financial-accounting data from anywhere, which will be able to track and streamline pro-
cesses in real time, with beneficial effects on communication with all actors involved [106].

Cloud computing allows companies to manage large volumes of data without their
own data center and manage business information in an integrated way, which leads to end-
user satisfaction, and increased information quality and interaction between information
technology and managerial decisions [107].

With cloud computing technology, companies can increase their operational efficiency
by implementing systemic risk assessments and creating effective policies and risk response
plans [108]. At the same time, cloud technology is an element of technological progress in
the relationship with state administrations (through electronic invoicing) [67].

Blockchain (access to distributed ledgers) and big data technologies supported by
cloud-based analytics tools can significantly improve financial visibility and enable more
prompt intervention [109]. Blockchain is used to ensure financial security and cyber security
in financial accounting through ledger technology use and as a tracking system for financial
irregularities [110].

Based on these findings, the following hypothesis is issued:

Hypothesis 6 (H6). Modern information technology (IT) significantly positively influences
economic (EP) and social (SP) performance and negatively influences the environmental per-
formance (NP).

2.8. ICT Skills

The use of cloud technology allows openness to remote work for employees and
customers, which is a significant advantage for companies [106]. Moreover, digitalization
will contribute to a reorganization of social contact between people and the business
environment, with significant differences between professionals educated in the analog era
and those born in the digital era. This requires continuous education and specialization
in using emerging technologies [5]. For the companies’ digitalization to bring benefits,
it is necessary to have professionals behind the new technologies used, that can advise
entrepreneurs along the way of implementation practices [111].

Remote work for employees and customers requires the adoption of measures involv-
ing implementation policies for their development and structuring, and staff training is
very significant [108]. Using intelligent applications, employees will become more efficient,
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and they can have the opportunity to serve more clients to whom they can provide real-time
reports [67,112]. Thus, companies want employees who know how to use new technologies
(artificial intelligence, the Internet of Things, blockchain, etc.) to integrate them as quickly
as possible into their activities [68].

Research demonstrates that digital intelligence and organizational support are coupled
in a company’s ability to carry out its activities in a flexible mode, be open to implementing
new ideas, and protect the environment [39,113].

Based on researched studies on the need for continuous qualification of ICT employees
and the need for companies to hire professionals to increase sustainable performance, we
formulated the following hypothesis:

Hypothesis 7 (H7). Hiring staff with ICT skills (IS) positively influences economic (EP) and social
(SP) performance and negatively influences the environmental indicators (NP).

2.9. Sustainable Performance Indicators

Following the COVID-19 pandemic, it was found that the role of companies is crucial
in the event of disruptive events (crises, pandemics), and the pursuit of profit growth for
shareholders is no longer the sole objective of business, but sustainability performance
(environmental, social, and governance) [114]. In this context, the corporate reporting
activities’ primary role should be oriented towards highlighting the role of companies in
achieving sustainable growth in the medium and long term [115].

The introduction of modern technologies in the reporting process helps achieve sus-
tainable development goals [116,117] by the accounting of economic, environmental, and
social factors to protect business assets and society’s interests [118].

Adoption of digital technologies can significantly contribute to a firm’s short- and
long-term competitive advantages [119], and creating a comprehensive reporting model
presents a real challenge for companies [120]. At the same time, technology plays a decisive
role in the entrepreneurial process, especially for small and poor firms in maintaining
themselves in a particularly dynamic global market [121].

Accountability information should be highlighted in the reporting process so that
stakeholders can accurately manage the risks associated with their investments in the firm’s
financial and non-financial resources [122]. Thus, there must exist a convergence between
sustainability reporting standards to provide relevant, comparable, and reliable financial
and non-financial information [123].

Prosperous economic and financial performance is crucial for sustainable company
growth and survival in the long term, so companies must link the relevance of sustainability
reporting to company performance [124].

A series of studies analyzed the impact of economic–financial performance indicators
on the sustainable development of companies [125], demonstrating that digitalization has
had a significantly influence [126]. At the same time, the increase in the performance of
companies is also determined by the quality of the labor force, and a specialized labor
force causes an increase in personnel costs, but this does not necessarily mean lower
profitability [127].

Companies enter into a series of interactions with the environment and society [128],
thus having to carry out a series of sustainability actions and reporting these actions and
their results [129,130]. Thus, companies have broadened their perspective on accounting
and social responsibility regarding the impact of companies on sustainability, linking
sustainability with accounting [17,131].

Sustainability reporting acts as a corporate accountability tool by highlighting a com-
pany’s performance on climate change and human rights issues [132].

Digitalization and ecological performance, as well as the transformations it imposes
on the business environment and, implicitly, on organizational results, will contribute to
the efficiency of technological processes to increase the speed of information transmission
and the development of processing [133].
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The need for sustainable development at the global level makes companies mod-
ernize their businesses to protect the environment and reduce gas emissions to reduce
pollution. At the same time, due to the increased interest of investors in ensuring so-
cial and environmental protection, companies must review their sustainability reporting
mechanisms [134,135].

The environmental performance assessment allows an assessment of environmen-
tal risks, the approach of solutions to reduce the impact on the environment, and the
development of long-term company activity development plans [136].

To identify the effects of environmental strategies on the company’s performance, some
studies have analyzed gas emissions (GHG) as an environmental performance indicator
that effectively measures the company’s efforts in mitigating the impacts related to its
processes and products [137].

Analysis of the relationship between firms’ financial performance and environmental
performance [138–140] shows that there is a great emphasis on the ability of companies to
self-adjust their environmental performance, with investors pressing to be compensated
for policy risks related to climate change, as without evidence of improved financial
performance achieving environmental goals could be perceived as costly and economically
inefficient [141–143].

3. Data, Models, and Methodology
3.1. Data Collection

For the research, a series of macroeconomic indicators at the EU level were used,
which manage to quantify the indicators of digital transformation and those of sustainable
reporting, taken from the Eurostat Database for the period 2011–2021 [144]. The data series
were extracted through SDMX-SOAP (Statistical Data and Metadata Exchange-Simple
Object Access Protocol) web services, using a series of queries to retrieve data according to
specific criteria and transfer them to the data processing software systems used.

The connectivity quantification (CO) considered the connectivity and remote access of
businesses and workers, and used as indicators:

• Enterprises with (fixed/mobile) broadband, expressed as a percentage of total enter-
prises—CO1;

• Persons employed with access to the internet for business purposes, expressed as a
percentage of total employment—CO2;

• Persons employed, which were provided a portable device that allows a mobile
connection to the internet for business use, expressed as a percentage of total employ-
ment—CO3.

To quantify the management of websites and the use of social networks (WS) by
companies, the following variables were taken into account:

• Enterprises having a website, expressed as a percentage of total enterprises)—WS1;
• Use of social media: social networks, blogs, file sharing, and wikis, expressed as a

percentage of total enterprises—WS2.

To identify the role of the main information management tools (IM) (ERP, CRM,
electronic invoicing) in the companies’ activities, the following indicators were used:

• Enterprises using ERP software, expressed as a percentage of total enterprises—IM1;
• Enterprises using CRM software, expressed as a percentage of total enterprises—IM2;
• Enterprises receiving e-invoices, expressed as a percentage of total invoices and

enterprises—IM3;
• Enterprises sending e-invoices, expressed as a percentage of total invoices and enter-

prises—IM4.

The quantification of the role and relevance of electronic commerce (EC) at the com-
pany level was achieved through the following indicators:

• Enterprises with web sales (via websites, apps, or marketplaces), expressed as a
percentage of total enterprises—EC1;
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• Enterprises with web sales—B2B and B2G, expressed as a percentage of total enter-
prises—EC2;

• Enterprises with web sales—B2C, expressed as a percentage of total enterprises—EC3.

As an indicator of the use of ICT tools by companies in their interaction with public
authorities (EG), the following was chosen:

• Use of the internet to interact with public authorities expressed as a percentage of total
enterprises—EG1.

More indicators show the use of information technology (IT) at the level of companies
(cloud computing, big data, artificial intelligence, the Internet of Things), but unfortunately
there was not reported information about their use until 2021. The only indicator which
has information reported is the use of cloud technology expressed by:

• Buying cloud computing services used over the internet, expressed as a percentage of
total enterprises—IT1.

In the process of the digital transformation of companies, employees play an essential
role in the use of modern technologies (IS), so the following indicators were analyzed:

• Enterprises that employ ICT specialists expressed as a percentage of enterprises em-
ploying specialists—IS1;

• Enterprises that provide training to develop/upgrade the ICT skills of their personnel,
expressed as a percentage of total enterprises—IS2.

From among the indicators of sustainable performance, the study approaches one
indicator for each economic, social, and environmental variable:

• For the economic performance indicator, the indicator of turnover per person em-
ployed, expressed in thousand EUR—EP was considered;

• Annual net earnings (single person without children earning 100% of the average
earnings), expressed in thousand EUR—SP, was considered representative of the
social component;

• As the principal environmental indicator at the corporate level, information regarding
greenhouse gases was collected, expressed in million tons—NP.

3.2. Creating the Structural Model

To achieve sustainable performance along with the financial-accounting indicators,
companies place more emphasis on reporting social performance indicators and envi-
ronmental protection indicators. Thus, sustainability reporting must include a range of
information on environmental performance (energy efficiency, climate change, greenhouse
gas emissions, air and water quality, deforestation, and waste management), social aspects
that examine how a company fosters its people and culture, and how this impacts on
the wider community (inclusion, gender, and diversity, employee engagement, customer
satisfaction, data protection, privacy, community relations, human rights, labor standards),
about governance that considers a company’s internal system of controls, practices, and
procedures (compliance, board structure, executive compensation, internal controls, and
shareholder rights, political contributions, environmental and social policies, and any other
issues related to how a company interacts with the government) [2].

The study is structured in two parts to identify the role of digitization on the sustain-
able performance reporting of companies at the EU level.

To achieve the research objectives, in the first part, based on the analysis of the special-
ized literature and our observations, we developed a conceptual model that was the basis
for testing the formulated hypotheses (H1–H7). By the reviewed literature and formulated
hypotheses, a conceptual model with ten constructs is proposed: (1) Connectivity (CO);
(2) Websites and use of social media (WS); (3) Information management tools (IM); (4) Elec-
tronic commerce (EC); (5) E-Government (EG); (6) Other uses of ICTs (IT); (7) ICT skills (IS);
(8) Economic performance indicator (EP); (9) Social performance indicator (SP); (10) En-
vironmental performance indicator (NP). The model variables were divided into seven
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exogenous (independent) and three endogenous (dependent) variables, each represented
by a certain number of articles. The constructs, the number of items for each construct, and
their corresponding coding are presented in Table 1.

Table 1. Constructs, items, and coding for structural model.

Latent
Variables Construct Items Coding Source

Exogenous
Latent

Variables

Connectivity (CO)

Enterprises with (fixed/mobile) broadband CO1

[31,36–44]

Persons employed with access to the internet for
business purposes CO2

Persons employed, which were provided a
portable device that allows a mobile connection

to the internet for business use
CO3

Websites and use of social
media (WS)

Enterprises having a website WS1
[46–60]Use of social media: social networks, blogs, file

sharing, wikis WS2

Information management
(IM)

Enterprises using ERP software IM1 [38,73,74]
Enterprises using CRM software IM2

[67,84–89]Enterprises receiving e-invoices IM3
Enterprises sending e-invoices IM4

Electronic commerce
(EC)

Enterprises with web sales (via websites, apps
or marketplaces) EC1

[92–97]Enterprises with web sales—B2B and B2G EC2
Enterprises with web sales—B2C EC3

E-Government (EG) Use of the Internet to interact with
public authorities EG1 [100–104]

Other uses of ICTs (IT) Buy cloud computing services used over
the internet IT1 [67,68,105,

106]

ICT skills (IS)
Enterprises that employ ICT specialists IS1 [5,39,67,68,

106,108,111–
113]

Enterprises that provided training to
develop/upgrade ICT skills of their personnel IS2

EndogenousLatent
Variables

Economic performance
indicator (EP) Turnover per person employed EP

[114,115,
123–127]Social performance

indicator (SP)
Annual net earnings (single person without

children earning 100% of the average earning) SP

Environmental
performance indicator (NP) Greenhouse gases NP

[17,116–
118,129–
132,136,138–
143]

Once the variables in the model were identified, the relationships between them were
estimated based on linear regressions and modeling structural equations (SEM).

The second part of the study is devoted to identifying a ranking of digitization indi-
cators according to their impact on sustainability performance indicators using structural
equation modeling and neural networks (ANN).

3.3. Estimating Relationships between Variables Using Linear Regressions

The impact of digital transformation indicators on sustainability indicators is in-
vestigated using the linear regression model for each endogenous variable with each
exogenous variable:

Yti = α + βXtj + ut, (1)

where:

• t = 1, . . . t,—years;
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• Y—the natural logarithms of the endogenous variables (LEP, LSP, and LNP) at time t
(variables in natural logarithms are interpreted as growth rate);

• X—the exogenous variables (CO1, CO2, CO3, WS1, WS2, IM1, IM2, IM3, IM4, EC1,
EC2, EC3, EG1, IT1, IS1, IS2) at time t;

• i—the values of the exogenous variables (LEP, LSP, and LNP);
• j—the values of the components of the endogenous variables (CO1, CO2, CO3, WS1,

WS2, IM1, IM2, IM3, IM4, EC1, EC2, EC3, EG1, IT1, IS1, IS2);
• The terms, α β, are the unknown parameters to be estimated, and ut, are the er-

ror terms.

After the parameterization, a test of the stationarity of the variables will be carried
out, and the degree of their cointegration will be identified. The Augmented Dickey–
Fuller (ADF) test will be used to verify and identify the integration order of the time
series. If the data series are found to be integrated in the same order, the cointegration
relationship is tested using the Johansen cointegration procedure. Then the long-term
causality relationships and the direction of causality between variables will be studied using
cointegration tests, error correction models, and Granger causality tests between digital
transformation indicators (exogenous variables) and sustainable performance indicators
(endogenous variables). Next, the model validity (cointegration equation) will be checked
by applying the White test to see if the random errors are homoscedastic. The econometric
analysis will be performed with the EViews 13 software application.

3.4. SEM-ANN Model

To rank the influence factors of digital transformation on sustainable performance
reporting, SEM will be used because it simultaneously processes several related dependent
variables, estimating at the same time the structure, the relationship of the factors, and
the degree of fit of the model as a whole. SEM is used because sustainability reporting
and digital indicators with their influencing factors have multidimensional characteristics
and are difficult to measure directly [145]. At the same time, SEM is an intensive tool used
for multivariate analysis in the economic field because it allows the examination of a set
of relationships between one or more independent variables and one or more dependent
variables [133].

The structural model equation is set as follows:

η = βη+ Γξ+ ζ, (2)

where β is the coefficient matrix of the result latent variable η, and also the path coefficient
matrix between the result latent variables; Γ is the coefficient matrix of the cause latent vari-
able ξ, and also the path coefficient matrix of the cause latent variables to the corresponding
endogenous latent variable; ζ is the residual term of the structural equation, which is the
part failed to explain within the model.

After determining the ranking of the impact of the variables, the models are validated
using ANN since this can produce more accurate predictions than SEM [67,146]. This study
used the artificial neural network multilayer perceptron (MLP) model because it is very
flexible to be applied to the indicators analyzed and compatible with the regressions used.
MLP has an architecture of three main layers: input, output, and a hidden layer. The hidden
neurons (nodes) are generated automatically. The hyperbolic tangent activation function is
used for the hidden layer and the Sigmoid function for the output one. For each neural
network constructed, the activation functions identify the capability and performance of the
neural network (hidden layer) and the validity of the regression model (output layer). The
magnitude of the connection between nodes and the significance of the relationship (direct
or indirect) between nodes is given by the synaptic weight. To check if the architecture of
the constructed neural network best matches the analyzed data, the additional parameter
bias will be used. The data sets will be divided into training and test data, and the
prediction accuracy of the network will be measured using ten-fold cross-validation [147].
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The prediction accuracy of the ANN model is evaluated by calculating the root mean square
error (RMSE) for both datasets using Equation (3) [148]:

RMSE =

√
1
N

× SSE (3)

where SSE is the sum of squares error and N is the number of elements.
The collected data will be processed using IBM SPSS Statistics 26.0 software to verify

the validity of the conceptual model and IBM SPSS AMOS 26.0 software to validate the
structural model.

4. Results and Discussion
4.1. Analysis of the Relationship between Sustainability Performance Reporting Indicators and
Those of Digitization—Hypothesis Testing

To test the validity of hypotheses H1–H7, we first used regression models to determine
the relationships between variables. Then through SEM, we identified the significance of
each indicator on the economic, social, and environmental performance.

To determine the existence of the relationship and its meaning between each of the
sustainable reporting indicators (EP, SP, NP) and each of the digitalization indicators (CO,
WS, IM, EC, EG, IT, IS), the regression equations were estimated linear, considering as
dependent variables (y) the logarithmic values of sustainable reporting indicators (LEP,
LSP, and LNP) and as independent variables digital transformation indicators (x). The
sustainable performance variables were taken in logarithmic form and interpreted as
elasticity coefficients (elasticity expresses how strongly digitalization indicators change
relative to changes in digital reporting indicators).

The estimation parameters of the regression equations are presented in Table A1.
Based on the analysis, it is found that the estimated coefficients in most of the equations
(except IM1 and EC2) are statistically significant at a significance level of 1% because the
probability for the estimated coefficients is 0, so the hypothesis that they are equal to 0
is rejected. The test results show that the linear regression coefficients are relevant for
determining the impact of digitization indicators on sustainable performance indicators.

The values of the estimated regression coefficients β̂i corresponding to the independent
variables (CO1, CO2, CO3, WS1, WS2, IM1, IM2, IM3, IM4, EC1, EC2, EC3, EG1, IT1, IS1,
IS2) determined for linear regressions having as variables dependent LEP and LSN show a
favorable impact on these indicators of sustainable reporting (Table A1).

The results of the regression equations with LNP as the dependent variable (Table A1)
show that the coefficients determined for this linear regression are significant least at
the 10% level, but have negative values, which means that an increase in digitalization
indicators leads to a decrease in the consumption of gas emissions, which is favorable for
the transition to an ecological economy.

Consequently, these regression models are relevant for determining the impact of
digitalization on sustainable performance reporting indicators.

Testing the stationarity and identifying the degree of integration of the time series by
applying the ADF test was conducted for the level series. The results show that EP, SP,
and NP time series are non-stationary (being at nominal values). Thus, several statistical
tests were used to transform them into stationary series. Time series become stationary
and integrated at the first difference for all variables analyzed at least at the 10% level
(Table A2).

The analysis of the data series after they have been stationary by differentiation
and by removing the trend presents the disadvantage of the loss of the informational
content of the data, especially in terms of long-term dynamics. This disadvantage is
overcome by analyzing the cointegration relationship by applying the Johansen test. The
results for testing the cointegration of the variables indicate the existence of a cointegration
relationship between the variables at the 5% significance level (Table A3), which means that
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there is a long-term equilibrium relationship between the variables, and therefore, there is
a Granger causality between them, in at least one direction.

Performing the Granger causality test, the following results are obtained (Table A3):

• There is bidirectional causality between: LEP and WS2; LSP and WS1, WS2, IM2, IM3,
EG1; LNP and CO1, CO3, WS1, WS2;

• There is unidirectional causality, between LEP and IS1 and IS2; LSP and IM1, EC2, IS1;
LNP and IM2, EC1, EC2, EC3;

• There is unidirectional reverse causality between LEP and CO2, CO3, WS1, IM4, EC1,
EC2, EC3, EG1, IT1; LSP and CO1, CO2, CO3, IM4, EC1, EC3, IT1, IS2; LNP and CO2,
IM3, IM4, EG1, IT1, IS1, IS2;

• There is no causality between LEP and CO1, IM1, IM2, IM3; LNP and IM1.

It continues by checking the model validity (cointegration equation) by applying
the White test to see if the random errors are homoscedastic. It is found that there is
homoscedasticity thus, the chosen models are valid, respectively, the variance of the model
about the explanatory variables remains constant.

It is observed that there is a long-term equilibrium relationship between the variables,
with various types of Granger causality between them (Table A4), depending on the level of
influence of the digital transformation indicators on the sustainability reporting indicators,
results confirmed by other studies [6,11,16,18].

From these results, it can be concluded that the regression models are validated and
the hypotheses H1–H7 are verified in the sense that the digitalization indicators CO, WS,
IM, EC, EG, IT, and IS have a positive influence on the indicators that measure economic
(EP) and social (SP) performance. At the same time, the digitalization indicators are in an
inverse relationship with the environmental indicator (NP), which demonstrates within
the proposed model that the influence of digitalization is negative and determines the
reduction of carbon emissions.

After identifying the relationships between the variables through the regression equa-
tions, we went on to evaluate the significance of the impact of digitization on sustainable
reporting through SEM.

The diagram of the relationships between the variables is shown in Figure A1. Based
on the path coefficient values (β), the effect between endogenous and exogenous variables
is determined (Table 2).

Table 2. Significance Impact indicators.

LEP LSP LNP

Indicators
Path

Coefficient (β)
Direct Sense

Indicators
Path

Coefficient (β)
Direct Sense

Indicators
Path

Coefficient (β)
Reverse Sense

IM 0.920 WS 0.966 CO −0.906
IS 0.917 IS 0.958 IT −0.882

EG 0.897 EG 0.943 EG −0.865
WS 0.886 IM 0.908 EC −0.834
CO 0.827 EC 0.898 IM −0.811
IT 0.784 CO 0.859 WS −0.805
EC 0.734 IT 0.726 IS −0.763

It is observed that the β coefficient values, in absolute value, are greater than 0.5,
which proves that the indicators chosen in the construction of the SEM models have a
very strong effect on the three endogenous variables. However, their impact is different,
positive on LEP and LSP (increasing digitalization indicators leads to increased economic
and social performance), and negative on LNP (increasing digitalization indicators leads to
a reduction in gas emissions). So, hypotheses H1–H7 are also validated by SEM. Due to all
the influencing factors of the exogenous variables having values greater than 0.5, it shows
that they are relevant for data analysis.
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4.2. Ranking the Impact of Digitization Indicators on Sustainable Performance Indicators through
the SEM-ANN Model

To rank the impact of digitalization on sustainable reporting, SEM models were used
with endogenous variables (LEP, LSP, and LNP) and exogenous variables (CO, WS, IM, EC,
EG, IT, IS) (Figure A1, Table 2), which then they were validated through artificial neural
networks (ANN). In establishing the prediction of the relationship between exogenous and
endogenous variables, it is observed that the weight of the first six digitization indicators
(CO, WS, IM, EC, EG, IT) is significantly different from zero for p-values at the 0.001 level
(two-tailed). At the same time, it is found that for IS, the prediction is significantly different
from zero for p-value 0.001 (two-tailed), only for LEP and LSP, and for LNP, it is significantly
different from zero for p-value 0.01 (two-tailed).

In the structural equation models, the interaction between variables was measured by
fit indices: Chi-square has an insignificant result for the test at a 0.05 threshold, and RMSEA
(root mean square error of approximation), between 0.06 and 0.08. The values obtained
demonstrate a sound significance of SEM.

After the SEM model analyses, building neural networks proceeded to validate the
results. MLPs of ANNs are constructed to determine the effects of the seven digital
transformation indicators on each of the three sustainable performance reporting indicators.
MLP model has only one hidden layer considered, which may be the increase in investment
in digitalization.

Digitalization indicators are used as inputs to the ANN to highlight the relevant
importance of each predictor variable. Estimation of the parameters of the relationships
between the variables, resulting from the construction of neural networks with one input
layer each defined by the digitization indicators (CO, WS, IM, EC, EG, IT, IS2) and one
output layer each defined by LEP, LSP, and LNP is presented in Table 3 and Figure 1. We
will have seven input layers (predictors) and one output layer each (LEP, LSP, and LNP).

Table 3. Estimation of MLP parameters.

Exogenous
Variable

Endogenous Variable Endogenous Variable Endogenous Variable

Hidden
Layer 1

Output
Layer

Hidden
Layer 1

Output
Layer

Hidden
Layer 1

Output
Layer

H(1:1) LEP H(1:1) LSP H(1:1) LNP

Input Layer

(Bias) −0.051 - −0.190 - 0.358 -
CO −0.190 - −0.221 - −0.737 -
WS −0.447 - −0.952 - −0.150 -
IM −0.605 - −0.449 - −0.289 -
EC −0.088 - −0.260 - −0.354 -
EG −0.469 - −0.608 - −0.555 -
IT −0.185 - −0.049 - −0.556 -
IS −0.532 - −0.645 - −0.043 -

Hidden Layer 1 (Bias) - −0.300 - 0.091 - 0.382
H(1:1) - −1.517 - −1.822 - 1.512

The hyperbolic tangent function shows that the hidden layer (H(1:1)) (which may be
represented by increases in digitalization investment) has a significant impact on neural
network performance. Synaptic weight identifies a direct relationship between digitization
indicators and LEP and LSP, and an indirect relationship between digitalization indicators
and LNP. These demonstrate the validity of the model.
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performance (a), social performance (b), and environmental performance (c).

The additional parameter bias demonstrates that the constructed neural networks are
the most suitable for the analyzed data, thus, the regression models are validated.

The effect of digital indicators on sustainability performance may be amplified by the
increase in digitalization investments.

According to SEM, there is an interaction between the variables thus, the ANN models
are fit until the models with the most suitable effects are identified. For the optimization
of the ANN model, the data sets are divided into training and test data, the proportion of
which differs in the three ANNs due to the parameter optimization process (Table 4). In
determining the prediction accuracy, the root mean square error (RMSE) was analyzed for
both data sets. For each model, the neural network was run 10 times, which determined a
decrease in the RMSE values (values close to 0), demonstrating a good fit of the data and a
high prediction accuracy of the models (Table 4) [146]. The most suitable model for each of
the three fitted ANNs is ANN10 (Table 4).

The relative importance of each input predictor (digitalization indicators) to each
sustainable performance reporting indicator was calculated by the normalized ranking of
relative importance (expressed as %) using sensitivity analysis (Table 5). The ranking of
independent variables by ANN confirms the impact determined using SEM models.

Based on the importance of the normalized variable, it is found that for the increase
in economic performance (EP), expressed by the turnover per employee, the greatest
importance is the use of modern tools in information management (IM). From the point of
view of social performance (expressed by annual net earnings), the greatest importance is
presented by the use of websites and social media (WS). Connectivity (CO) has the strongest
impact on environmental performance indicators (expressed by greenhouse gases).
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Table 4. RMSE values for the ANN model.

Neural
Network

Input: CO, WS, IM, EC, EG, IT
IS/Output: LEP

Input: CO, WS, IM, EC, EG, IT
IS/Output: LSP

Input: CO, WS, IM, EC, EG, IT
IS/Output: LNP

Training
Dataset (63.6%)

Testing Dataset
(36.4%)

Training
Dataset (72.7%)

Testing Dataset
(27.3%)

Training
Dataset (81.8%)

Testing Dataset
(18.2%)

SSE RMSE SSE RMSE SSE RMSE SSE RMSE SSE RMSE SSE RMSE

ANN1 0.099 0.119 0.087 0.148 0.097 0.110 0.097 0.179 0.071 0.089 0.087 0.209
ANN2 0.087 0.112 0.074 0.136 0.094 0.108 0.094 0.177 0.064 0.084 0.084 0.205
ANN3 0.087 0.112 0.068 0.130 0.088 0.105 0.084 0.167 0.058 0.080 0.074 0.192
ANN4 0.075 0.104 0.063 0.126 0.078 0.099 0.078 0.161 0.058 0.080 0.068 0.184
ANN5 0.072 0.101 0.060 0.123 0.062 0.088 0.070 0.153 0.052 0.076 0.050 0.158
ANN6 0.070 0.100 0.058 0.120 0.060 0.087 0.068 0.150 0.040 0.067 0.038 0.138
ANN7 0.066 0.097 0.046 0.107 0.060 0.087 0.066 0.148 0.040 0.067 0.036 0.134
ANN8 0.066 0.097 0.042 0.103 0.056 0.084 0.052 0.131 0.036 0.063 0.027 0.116
ANN9 0.065 0.096 0.037 0.096 0.055 0.083 0.047 0.125 0.035 0.062 0.022 0.105

ANN10 0.063 0.095 0.035 0.094 0.053 0.081 0.025 0.091 0.023 0.050 0.012 0.077
Mean 0.103 Mean 0.1182 Mean 0.093 Mean 0.148 Mean 0.071 Mean 0.152

Table 5. Normalized variable relative importance.

Predictors
LEP LSP LNP

ARI NI (%) Ranking ARI NI (%) Ranking ARI NI (%) Ranking

CO 0.069 29.9% 5 0.054 15.6% 6 0.312 100.0% 1
WS 0.182 79.1% 4 0.348 100.0% 1 0.046 14.7% 6
IM 0.230 100.0% 1 0.129 37.1% 4 0.113 36.0% 5
EC 0.032 13.9% 7 0.070 20.1% 5 0.114 36.6% 4
EG 0.192 83.5% 3 0.168 48.4% 3 0.198 63.5% 3
IT 0.068 29.4% 6 0.011 3.3% 7 0.204 65.3% 2
IS 0.226 98.1% 2 0.219 63.0% 2 0.013 4.3% 7

Notes: ARI—Average relative importance; NI—Normalized importance.

ICT skills (IS), which show the importance given to employed staff to know how to
work with digital tools, ranks 2nd in terms of impact on increasing economic and social
performance. The 2nd place in terms of importance among environmental performance
indicators is occupied by companies’ use of cloud computing (IT).

The E-Government (EG) indicator has a significant contribution to the three categories
of sustainable reporting indicators, occupying position 3 in terms of importance.

Following the analysis, it is noted that intensive use of digitalization generates an
increase in economic performance, a conclusion that also emerged from other specialized
works [126,133,136,149]. At the same time, digitalization has a positive impact on social
performance, improving working conditions and increasing the work performance of
employees, which contributes to increasing their incomes; these findings were also found
by other authors [17,127–131]. Given the need to protect the environment, the use of digital
technologies contributes to sustainable development, thus an increase in the value of these
indicators leads to a decrease in environmental indicators (gas emissions) results also found
in other studies [132–137,141].

The modeling of structural equations and the construction of artificial neural net-
works highlight the direct or indirect effect of digitization indicators on sustainability
reporting, with different intensities; these results were also found in other specialized
research [18,24,30,126]. SEM and ANN confirmed the results obtained by testing the
multifactorial linear equations.
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5. Conclusions

Europe aims to be a climate-neutral continent by 2050 [150], thus the European Union
believes that companies’ sustainability reporting can play a significant role in achieving this
goal. Sustainability reporting is fast becoming an essential part of the business landscape.
Companies consider the needs of consumers of their products or services to survive and
they are becoming more aware of this.

Company reports are geared towards aligning resources and adopting successful
business practices by providing relevant performance information against all corporate
sustainability achievements and challenges. Companies are constantly adapting their
approach to reporting by monitoring and enforcing sustainability practices, as well as
reforming policies to ensure that current needs can be met without sacrificing the needs
of future generations. An essential aspect of sustainability reporting is the information
collection and communication to be evaluated by stakeholders. In this regard, digital
technologies are considered to be real drivers in sustainability reporting, as companies
must effectively manage the large amount of information related to environmental, social,
and governance factors and integrate them into existing reporting systems. Digitalization
of business processes was one of the main ways through which companies managed to cope
with the pressure of the COVID-19 crisis, putting significant pressure on firms regarding
the remodeling of their business processes. The pandemic had more impact on companies’
transition to digital transformation to improve threats and opportunities management,
demonstrating the need for EU states to make relevant and real-time decisions.

Based on these considerations, the study of specialized literature was oriented towards
identifying the role of digitalization indicators on the economic, social, and environmental
performance of companies, with a view to the transition of companies to sustainability
reporting. Thus, the study was structured in two directions. In the first part, we created a
conceptual model and tested the relationships between its variables. The parameters of
the linear regression equations were estimated, and the cointegration and causality of the
variables were tested, establishing a long-term equilibrium relationship between them in at
least one direction. The second direction identified the impact and intensity of digitalization
indicators on sustainability performance reporting indicators using SEM-ANN models.

Based on this research, the study has a series of practical and theoretical implications
that may be relevant in the conditions where the digitalization of companies is of significant
importance for the European Union to achieve sustainable development that ensures a
better future for community members. This study adds value to existing investigations by
creating a conceptual model that includes a series of digitalization indicators that compete
for sustainable performance. At the same time, it is a novelty to test the relationship
between the considered indicators and then to identify their meaning and intensity by
approaching modeling through structural equations and building neural networks. The
SEM-ANN model made to measure the impact of digitization indicators on sustainability
performance provided a possible new research methodology paradigm.

The practical implications of our empirical research carried out at the level of the
European Union allow us to state that the increase in the use of information technologies at
the level of companies has a significant favorable influence on their economic and social
performance. At the same time, implementation of modern technologies at the company
level leads to sustained protection of the environment (providing a clean environment
for the next generations) by reducing polluting factors. From a practical perspective, the
proposed analysis model can become a framework for creating dashboards at the macro
or microeconomic levels with key indicators that are the basis of sustainability reporting.
Thus, starting from the model developed in this paper, companies can create dashboards to
support the analysis and monitoring of sustainable performance in the conditions of the
digital era, giving significant importance to digitalization indicators. Thus, the results of
this study can be the basis for carrying out other research, potentially having an essential
role in establishing economic and environmental strategies at the European level but also
at the level of each member country to stimulate the increase in the number of companies
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that carry out sustainability reports. At the same time, the study can be the basis for
governmental and European policies to stimulate sustainable economic growth and adopt
appropriate measures.

Following this study, we found that at the level of the European Union, digitalization
indicators have a significant direct influence on economic and social performance, and a
strong impact, but in the opposite direction on environmental performance (digitalization
leads to the reduction of polluting factors). Thus, each member state of the European Union
must be aware that, to increase the well-being of its citizens, consistent sustainable policies
are needed to protect the environment.

As a limitation of our research, it should be mentioned that this research was carried
out at the level of the European Union, and the situation of the member countries has
significant differences, both concerning each other and concerning the states of other
continents. We propose that in the future investigation, we will perform an analysis of
groups of states from each continent to capture the impact of the digital transformation
adopted by companies on sustainability reporting.
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Appendix A

Table A1. Estimating the regression curve and linear regression parameters.

Indicator R2 S.E.R. Prob.
αi βi

Coef. Std.
Error Prob. Coef. Std.

Error Prob.

LEP
CO1 0.800 0.018 0.000 *** 4.245 0.168 0.000 *** 0.011 0.002 0.000 ***
CO2 0.789 0.019 0.000 *** 4.907 0.060 0.000 *** 0.007 0.001 0.000 ***
CO3 0.754 0.020 0.001 *** 5.100 0.030 0.000 *** 0.007 0.001 0.001 ***
WS1 0.720 0.022 0.001 *** 4.410 0.175 0.000 *** 0.011 0.002 0.001 ***
WS2 0.732 0.021 0.001 *** 5.095 0.032 0.000 *** 0.004 0.001 0.001 ***
IM1 0.517 0.029 0.013 ** 5.091 0.052 0.000 *** 0.005 0.002 0.013 **
IM2 0.615 0.025 0.004 *** 4.838 0.109 0.000 *** 0.013 0.003 0.004 ***
IM3 0.756 0.020 0.001 *** 3.485 0.335 0.000 *** 0.019 0.004 0.001 ***
IM4 0.850 0.016 0.000 *** 5.079 0.025 0.000 *** 0.003 0.000 0.000 ***
EC1 0.646 0.024 0.003 *** 5.053 0.050 0.000 *** 0.013 0.003 0.003 ***
EC2 0.525 0.028 0.012 ** 4.997 0.081 0.000 *** 0.024 0.008 0.012 **
EC3 0.619 0.025 0.004 *** 5.060 0.050 0.000 *** 0.016 0.004 0.004 ***
EG1 0.805 0.018 0.000 *** 1.995 0.534 0.000 *** 0.037 0.006 0.000 ***
IT1 0.615 0.025 0.004 *** 5.165 0.024 0.000 *** 0.004 0.001 0.004 ***
IS1 0.633 0.025 0.003 *** 6.675 0.362 0.000 *** 0.073 0.019 0.003 ***
IS2 0.625 0.025 0.004 *** 4.838 0.107 0.000 *** 0.020 0.005 0.004 ***

https://ec.europa.eu/eurostat/databrowser/explore/all/all_themes
https://ec.europa.eu/eurostat/databrowser/explore/all/all_themes
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Table A1. Cont.

Indicator R2 S.E.R. Prob.
αi βi

Coef. Std.
Error Prob. Coef. Std.

Error Prob.

LSP
CO1 0.890 0.038 0.000 *** 0.075 0.352 0.036 ** 0.032 0.004 0.000 ***
CO2 0.787 0.054 0.000 *** 2.108 0.169 0.000 *** 0.020 0.003 0.000 ***
CO3 0.639 0.070 0.003 *** 2.686 0.101 0.000 *** 0.017 0.004 0.003 ***
WS1 0.895 0.038 0.000 *** 0.423 0.303 0.096 * 0.036 0.004 0.000 ***
WS2 0.656 0.068 0.002 *** 2.662 0.103 0.000 *** 0.010 0.002 0.003 ***
IM1 0.831 0.048 0.000 *** 2.506 0.088 0.000 *** 0.017 0.003 0.000 ***
IM2 0.768 0.056 0.000 *** 1.773 0.240 0.000 *** 0.040 0.007 0.000 ***
IM3 0.684 0.065 0.002 *** 1.677 1.078 0.054 * 0.052 0.012 0.002 **
IM4 0.847 0.045 0.000 *** 2.595 0.070 0.000 *** 0.009 0.001 0.000 ***
EC1 0.820 0.049 0.000 *** 2.448 0.100 0.000 *** 0.042 0.007 0.000 ***
EC2 0.695 0.064 0.001 *** 2.251 0.184 0.000 *** 0.079 0.017 0.001 ***
EC3 0.664 0.067 0.002 *** 2.521 0.134 0.000 *** 0.048 0.011 0.002 ***
EG1 0.889 0.039 0.000 *** 6.606 1.141 0.000 *** 0.110 0.013 0.000 ***
IT1 0.527 0.080 0.011 ** 2.855 0.075 0.000 *** 0.009 0.003 0.012 **
IS1 0.454 0.086 0.023 ** 6.495 1.249 0.001 *** 0.175 0.064 0.023 **
IS2 0.639 0.070 0.003 *** 1.898 0.297 0.000 *** 0.058 0.015 0.003 ***

LNP
CO1 0.765 0.035 0.000 *** 16.697 0.320 0.000 *** −0.018 0.003 0.000 ***
CO2 0.804 0.032 0.000 *** 15.578 0.101 0.000 *** −0.012 0.002 0.000 ***
CO3 0.706 0.706 0.001 *** 15.225 0.057 0.000 *** −0.011 0.002 0.001 ***
WS1 0.557 0.048 0.008 *** 16.269 0.388 0.000 *** −0.018 0.005 0.008 ***
WS2 0.708 0.039 0.001 *** 15.237 0.059 0.000 *** −0.006 0.001 0.001 ***
IM1 0.431 0.054 0.028 ** 15.224 0.100 0.000 *** −0.008 0.003 0.028 **
IM2 0.485 0.052 0.017 ** 15.613 0.222 0.000 *** −0.020 0.007 0.017 **
IM3 0.731 0.037 0.001 *** 18.022 0.618 0.000 *** −0.033 0.007 0.001 ***
IM4 0.677 0.041 0.002 *** 15.237 0.063 0.000 *** −0.005 0.001 0.002 ***
EC1 0.703 0.039 0.001 *** 15.331 0.080 0.000 *** −0.024 0.005 0.001 ***
EC2 0.444 0.054 0.025 ** 15.379 0.155 0.000 *** −0.039 0.015 0.025 **
EC3 0.704 0.039 0.001 *** 15.325 0.078 0.000 *** −0.031 0.007 0.001 ***
EG1 0.749 0.036 0.001 *** 20.490 1.066 0.000 *** −0.063 0.012 0.001 ***
IT1 0.778 0.034 0.000 *** 15.138 0.032 0.000 *** −0.007 0.001 0.000 ***
IS1 0.277 0.061 0.096 * 13.309 0.893 0.000 *** −0.005 0.046 0.096 *
IS2 0.181 0.065 0.092 * 15.359 0.278 0.000 *** −0.019 0.014 0.092 *

Notes: * Denotes significance at 10% level; ** denotes significance at 5% level; *** denotes significance at 1% level.

Table A2. Results of the unit roots tests.

Indicators
ADF

t-Statistic Prob.

CO1 −4.34166 0.0382 **
CO2 −4.07366 0.0522 *
CO3 −3.67037 0.0026 ***
WS1 −3.99257 0.0578 *
WS2 −4.83192 0.0276 **
IM1 −3.95286 0.0686 *
IM2 −4.12982 0.0574 *
IM3 −5.04468 0.017 **
IM4 −5.52737 0.0099 ***
EC1 −3.58086 0.003 ***
EC2 −3.01399 0.0752 *
EC3 −3.20618 0.0582 *
EG1 −207.857 0.0001 ***
IT1 −5.3019 0.0129 **
IS1 −4.5153 0.038 **
IS2 −4.20903 0.0523 *
LEP −3.99101 0.0657 *
LSP −3.87182 0.066 *
LNP −2.38238 0.0239 **

Notes: * Denotes significance at 10% level; ** denotes significance at 5% level; *** denotes significance at 1% level.
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Table A3. Results of Johansen cointegration test.

Indicators Probability Indicators Probability Indicators Probability

LEP-CO1 0.0479 LSP-CO1 0.0003 LNP-CO1 0.0122
LEP-CO2 0.0021 LSP-CO2 0.0000 LNP-CO2 0.0043
LEP-CO3 0.0290 LSP-CO3 0.0000 LNP-CO3 0.0002
LEP-WS1 0.0101 LSP-WS1 0.0001 LNP-WS1 0.0024
LEP-WS2 0.0037 LSP-WS2 0.0000 LNP-WS2 0.0000
LEP-IM1 0.0418 LSP-IM1 0.0000 LNP-IM1 0.0470
LEP-IM2 0.0252 LSP-IM2 0.002 LNP-IM2 0.0072
LEP-IM3 0.0172 LSP-IM3 0.0000 LNP-IM3 0.0201
LEP-IM4 0.0057 LSP-IM4 0.0000 LNP-IM4 0.0020
LEP-EC1 0.0295 LSP-EC1 0.0001 LNP-EC1 0.0274
LEP-EC2 0.0424 LSP-EC2 0.0003 LNP-EC2 0.0019
LEP-EC3 0.0071 LSP-EC3 0 LNP-EC3 0.0367
LEP-EG1 0 LSP-EG1 0.0001 LNP-EG1 0.0132
LEP-IT1 0.0133 LSP-IT1 0 LNP-IT1 0.0068
LEP-IS1 0.0001 LSP-IS1 0.0002 LNP-IS1 0.0436
LEP-IS2 0.0149 LSP-IS2 0.0004 LNP-IS2 0.0013

Table A4. Granger causality.

Hypot. t-St. Prob. Conc. Hypot. t-St. Prob. Conc. Hypot. t-St. Prob. Conc.

LEP-CO1 1.74 0.286 Accept LSP-CO1 0.87 0.486 Accept LNP-CO1 3.13 0.092 * Reject
CO1-LEP 0.59 0.598 Accept CO1-LSP 16.5 0.012 ** Reject CO1-LNP 4.24 0.093 * Reject
LEP-CO2 1.07 0.595 Accept LSP-CO2 0.31 0.752 Accept LNP-CO2 0.88 0.378 Accept
CO2-LEP 15.7 0.061 * Reject CO2-LSP 13.7 0.000 *** Reject CO2-LNP 4.33 0.076 * Reject
LEP-CO3 0.28 0.614 Accept LSP-CO3 2.14 0.233 Accept LNP-CO3 43.4 0.011 ** Reject
CO3-LEP 3.39 0.100 * Reject CO3-LSP 27.8 0.005 *** Reject CO3-LNP 52.5 0.091 * Reject
LEP-WS1 0.29 0.839 Accept LSP-WS1 3.13 0.092 * Accept LNP-WS1 4.62 0.091 * Reject
WS1-LEP 14.5 0.066 * Reject WS1-LSP 2.95 0.096 * Reject WS1-LNP 37.3 0.091 * Reject
LEP-WS2 21.3 0.016 ** Reject LSP-WS2 3.01 0.099 * Reject LNP-WS2 19.5 0.000 *** Reject
WS2-LEP 6.99 0.033 ** Reject WS2-LSP 30.7 0.004 *** Reject WS2-LNP 6.58 0.054 * Reject
LEP-IM1 0.15 0.706 Accept LSP-IM1 2.91 0.092 * Reject LNP-IM1 0.18 0.842 Accept
IM1-LEP 0.99 0.352 Accept IM1-LSP 0.04 0.953 Accept IM1-LNP 1.52 0.323 Accept
LEP-IM2 0.79 0.513 Accept LSP-IM2 4.06 0.084 * Reject LNP-IM2 2.66 0.097 * Reject
IM2-LEP 1.09 0.418 Accept IM2-LSP 12.9 0.009 *** Reject IM2-LNP 0.17 0.692 Accept
LEP-IM3 0.93 0.465 Accept LSP-IM3 4.10 0.098 * Reject LNP-IM3 1.22 0.307 Accept
IM3-LEP 1.71 0.290 Accept IM3-LSP 19.1 0.009 *** Reject IM3-LNP 3.49 0.094 * Reject
LEP-IM4 0.62 0.706 Accept LSP-IM4 1.69 0.293 Accept LNP-IM4 2.04 0.465 Accept
IM4-LEP 78.3 0.028 ** Reject IM4-LSP 52.8 0.001 *** Reject IM4-LNP 25.1 0.014 ** Reject
LEP-EC1 0.18 0.683 Accept LSP-EC1 3.20 0.385 Accept LNP-EC1 8.18 0.024 ** Reject
EC1-LEP 3.74 0.094 * Reject EC1-LSP 28.4 0.097 * Reject EC1-LNP 0.18 0.677 Accept
LEP-EC2 0.23 0.649 Accept LSP-EC2 6.92 0.050 * Reject LNP-EC2 16.0 0.012 ** Reject
EC2-LEP 4.94 0.062 * Reject EC2-LSP 0.63 0.578 Accept EC2-LNP 1.27 0.372 Accept
LEP-EC3 2.06 0.243 Accept LSP-EC3 2.35 0.212 Accept LNP-EC3 4.96 0.061 * Accept
EC3-LEP 5.89 0.064 * Reject EC3-LSP 5.53 0.071 * Reject EC3-LNP 0.51 0.495 Accept
LEP-EG1 0.56 0.479 Accept LSP-EG1 12.1 0.000 *** Reject LNP-EG1 1.42 0.342 Accept
EG1-LEP 3.25 0.095 * Reject EG1-LSP 27.8 0.005 *** Reject EG1-LNP 2.70 0.091 * Reject
LEP-IT1 2.98 0.397 Accept LSP-IT1 0.66 0.567 Accept LNP-IT1 1.03 0.433 Accept
IT1-LEP 49.9 0.033 ** Reject IT1-LSP 10.6 0.025 ** Reject IT1-LNP 8.49 0.036 ** Reject
LEP-IS1 9.37 0.031 ** Reject LSP-IS1 3.53 0.092 * Reject LNP-IS1 0.56 0.605 Accept
IS1-LEP 0.97 0.453 Accept IS1-LSP 0.19 0.673 Accept IS1-LNP 3.15 0.090 * Reject
LEP-IS2 26.9 0.091 * Reject LSP-IS2 12.6 0.207 Accept LNP-IS2 0.33 0.732 Accept
IS2-LEP 1.98 0.472 Accept IS2-LSP 39.6 0.038 ** Reject IS2-LNP 6.12 0.060 * Reject

Note: * Denotes that the null hypothesis is rejected at 0.1 level; ** denotes that the null hypothesis is rejected at
0.05 level; *** denotes that the null hypothesis is rejected at 0.01 level. The null hypothesis is accepted for all
other values.
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88. Silva, S.C.; Duarte, P.; Marinho, A.F.L.; Vlačić, B. How permeable to cause-related marketing are millennials? Int. Rev. Public

Nonprofit Mark. 2021, 18, 335–360. [CrossRef]

https://doi.org/10.1016/j.ijinfomgt.2021.102332
https://doi.org/10.1080/13215906.2021.1935309
https://doi.org/10.14207/ejsd.2021.v10n1p303
https://doi.org/10.36923/ijsser.v2i2.52
https://doi.org/10.1080/09537287.2019.1631458
https://doi.org/10.3390/informatics9010019
https://doi.org/10.3390/su12208669
https://doi.org/10.4236/jss.2021.99004
https://doi.org/10.1080/09639284.2021.1872035
https://doi.org/10.17569/tojqi.688337
https://doi.org/10.24086/cuejhss.v4n1y2020.pp50-57
https://doi.org/10.35716/IJED/22068
https://doi.org/10.5267/j.dsl.2018.7.003
https://doi.org/10.7172/1644-9584.93.10
https://doi.org/10.1016/j.compind.2020.103209
https://doi.org/10.4018/IJISMD.297044
https://doi.org/10.1016/j.heliyon.2020.e03689
https://doi.org/10.3390/su14137633
https://doi.org/10.1007/s11356-021-13094-3
https://doi.org/10.1080/00207543.2019.1683248
https://doi.org/10.1016/j.jpubeco.2022.104661
https://doi.org/10.1007/s10551-020-04639-6
https://doi.org/10.1108/MIP-05-2020-0217
https://doi.org/10.1016/j.jbusres.2020.06.008
https://doi.org/10.1007/s12208-021-00326-y
https://doi.org/10.1080/10696679.2019.1662313
https://doi.org/10.1080/0965254X.2020.1733048
https://doi.org/10.1080/10495142.2020.1726253
https://doi.org/10.1007/s12208-021-00276-5


Electronics 2023, 12, 2048 27 of 29

89. Roggeveen, A.L.; Beitelspacher, L. Understanding and implementing CRM initiatives in international markets. Int. Mark. Rev.
2020, 37, 735–746. [CrossRef]

90. Cosgrave, D.; O’Dwyer, M. Ethical standards and perceptions of CRM among millennial consumers. Int. Mark. Rev. 2020, 37,
863–884. [CrossRef]

91. Panasenko, S.V.; Cheglov, V.P.; Ramazanov, I.A.; Krasil’nikova, E.A.; Sharonin, P.N. Mechanisms of e-commerce enterprises
development in the context of digitalization. Nexo Rev. Cient. 2021, 34, 469–476. [CrossRef]

92. Fouskas, K.; Pachni-Tsitiridou, O.; Chatziharisto, C. A Systematic Literature Review on E-Commerce Success Factors. In Strategic
Innovative Marketing and Tourism. Springer Proceedings in Business and Economics; Kavoura, A., Kefallonitis, E., Theodoridis, P., Eds.;
Springer: Cham, Switzerland, 2020. [CrossRef]

93. Chesbrough, H. To recover faster from Covid-19, open up: Managerial implications from an open innovation perspective. Ind.
Mark. Manag. 2020, 88, 410–413. [CrossRef]

94. Nenonen, S.; Storbacka, K. Don’t adapt, shape! Use the crisis to shape your minimum viable system—And the wider market. Ind.
Mark. Manag. 2020, 88, 265–271. [CrossRef]

95. Nurcahyo, R.; Putra, P.A. Critical Factors in Indonesia’s E-Commerce Collaboration. J. Theor. Appl. Electron. Commer. Res. 2021, 16,
2458–2469. [CrossRef]

96. Jeansson, J.; Nikou, S.; Lundqvist, S.; Marcusson, L.; Sell, A.; Walden, P. SMEs’ online channel expansion: Value creating activities.
Electron. Mark. 2017, 27, 49–66. [CrossRef]

97. Veeragandham, M.; Patnaik, N.; Tiruvaipati, R.; Guruprasad, M. Consumer buying behavior towards E-Commerce during
COVID-19. Int. J. Res. Eng. Sci. Manag. 2020, 3, 78–82. [CrossRef]

98. Badr, A.M.N.A.A.; Mohamed, T.I.; Osman, N.A.Q.; Mikhaylov, A. Review of Social Media Website Users’ Interaction Paths with
Governmental Accounts during the COVID-19 Pandemic. Informatics 2022, 9, 50. [CrossRef]

99. Abubakr, M.; Kaya, T. A Comparison of e-government systems between developed and developing countries: Selective insights
from Iraq and Finland. Int. J. Electron. Gov. Res. 2021, 17, 14. [CrossRef]

100. Apriliyanti, I.D.; Kusumasari, B.; Pramusinto, A.; Setianto, W.A. Digital divide in ASEAN member states: Analyzing the critical
factors for successful e-government programs. Online Inf. Rev. 2021, 45, 440–460. [CrossRef]

101. Mensah, I.K.; Mwakapesa, D.S. The impact of e-government information quality (EGIQ) dimensions on the adoption of electronic
government services. Inf. Dev. 2023, 5164. [CrossRef]

102. Krishna, B.; Sebastian, M.P. Examining the relationship between e-government development, nation’s cyber-security commitment,
business usage and economic prosperity: A cross-country analysis. Inf. Comput. Secur. 2021, 29, 737–760. [CrossRef]

103. Duraskovic, J.; Viduka, D.; Gajic-Glamoclija, M. The Use of E-government from the Perspective of Biggest Business Entities in
Serbia. J. Inf. Organ. Sci. 2021, 45, 39–53. [CrossRef]

104. Ha, L.T.; Huyen, N.T.T. Is the E-Government a Driver of Financialization: Empirical Evidence from European Countries. Glob.
Econ. J. 2021, 21, 2150017. [CrossRef]

105. Altin, M.; Yilmaz, R. Adoption of Cloud-Based Accounting Practices in Turkey: An Empirical Study. Int. J. Public Adm. 2022, 45,
819–833. [CrossRef]

106. Hamundu, F.M.; Husin, M.H.; Baharudin, A.S.; Khaleel, M. Intention to adopt cloud accounting: A conceptual model from
Indonesian MSMEs perspectives. J. Asian Financ. Econ. Bus. 2020, 7, 749–759. [CrossRef]

107. Khayer, A.; Bao, Y.; Nguyen, B. Understanding cloud computing success and its impact on firm performance: An integrated
approach. Ind. Manag. Data Syst. 2020, 120, 963–985. [CrossRef]

108. Yau-Yeung, D.; Yigitbasioglu, O.; Green, P. Cloud accounting risks and mitigation strategies: Evidence from Australia. Account.
Forum 2020, 44, 421–446. [CrossRef]

109. Moll, J.; Yigitbasioglu, O. The role of internet-related technologies in shaping the work of accountants: New directions for
accounting research. Br. Account. Rev. 2019, 51, 100833. [CrossRef]

110. Demirkan, S.; Demirkan, I.; McKee, A. Blockchain technology in the future of business cyber security and accounting. J. Manag.
Anal. 2020, 7, 189–208. [CrossRef]

111. Rao, M.T.; Jyotsna, T.G.; Sivani, M.A. Impact of cloud accounting: Accounting professional’s perspective. IOSR J. Bus. Manag. 2017,
7, 53–59. Available online: https://iosrjournals.org/iosr-jbm/papers/Conf.17037-2017/Volume-7/11.%2053-59.pdf (accessed on
15 January 2023).

112. Kroon, N.; Alves, M.d.C.; Martins, I. The Impacts of Emerging Technologies on Accountants’ Role and Skills: Connecting to Open
Innovation—A Systematic Literature Review. J. Open Innov. Technol. Mark. Complex. 2021, 7, 163. [CrossRef]

113. Pedersen, C.L.; Ritter, T. Preparing your business for a post-pandemic world. Harv. Bus. Rev. Digit. Artic. 2020. Available online:
https://hbr.org/2020/04/preparing-your-business-for-a-post-pandemic-world (accessed on 15 January 2023).

114. Tettamanzi, P.; Venturini, G.; Murgolo, M. Sustainability and Financial Accounting: A Critical Review on the ESG Dynamics.
Environ. Sci. Pollut. Res. 2022, 29, 16758–16761. [CrossRef] [PubMed]

115. Schaltegger, S. Unsustainability as a key source of epi- and pandemics: Conclusions for sustainability and ecosystems accounting.
J. Account. Org. Chang. 2020, 16, 613–619. [CrossRef]

116. Di Vaio, A.; Hasan, S.; Palladino, R.; Hassan, R. The transition towards circular economy and waste within accounting and
accountability models: A systematic literature review and conceptual framework. Environ. Dev. Sustain. 2023, 25, 734–810.
[CrossRef] [PubMed]

https://doi.org/10.1108/IMR-04-2019-0121
https://doi.org/10.1108/IMR-05-2019-0125
https://doi.org/10.5377/nexo.v34i01.11324
https://doi.org/10.1007/978-3-030-36126-6_76
https://doi.org/10.1016/j.indmarman.2020.04.010
https://doi.org/10.1016/j.indmarman.2020.05.022
https://doi.org/10.3390/jtaer16060135
https://doi.org/10.1007/s12525-016-0234-1
https://doi.org/10.47607/ijresm.2020.292
https://doi.org/10.3390/informatics9030050
https://doi.org/10.4018/IJEGR.2021010101
https://doi.org/10.1108/OIR-05-2020-0158
https://doi.org/10.1177/02666669231155164
https://doi.org/10.1108/ICS-12-2020-0205
https://doi.org/10.31341/jios.45.1.3
https://doi.org/10.1142/S2194565921500172
https://doi.org/10.1080/01900692.2021.1894576
https://doi.org/10.13106/jafeb.2020.vol7.no12.749
https://doi.org/10.1108/IMDS-06-2019-0327
https://doi.org/10.1080/01559982.2020.1783047
https://doi.org/10.1016/j.bar.2019.04.002
https://doi.org/10.1080/23270012.2020.1731721
https://iosrjournals.org/iosr-jbm/papers/Conf.17037-2017/Volume-7/11.%2053-59.pdf
https://doi.org/10.3390/joitmc7030163
https://hbr.org/2020/04/preparing-your-business-for-a-post-pandemic-world
https://doi.org/10.1007/s11356-022-18596-2
https://www.ncbi.nlm.nih.gov/pubmed/35025042
https://doi.org/10.1108/JAOC-08-2020-0117
https://doi.org/10.1007/s10668-021-02078-5
https://www.ncbi.nlm.nih.gov/pubmed/35035274


Electronics 2023, 12, 2048 28 of 29

117. Niles, K.; Moore, W. Accounting for environmental assets as sovereign wealth funds. J. Sustain. Financ. Invest. 2021, 11, 62–81.
[CrossRef]

118. Tooranloo, H.S.; Shahamabad, M.A. Designing the model of factors affecting in the implementation of social and environmental
accounting with the ISM approach. Int. J. Ethics Syst. 2020, 36, 387–410. [CrossRef]

119. Neumeyer, X.; Liu, M. Managerial competencies and development in the Digital Age. IEEE Eng. Manag. Rev. 2021, 49, 49–55.
[CrossRef]

120. Lamberton, G. Sustainability accounting—A brief history and conceptual framework. Account. Forum 2005, 29, 7–26. [CrossRef]
121. Santos, S.C.; Neumeyer, X. The Technologization of Entrepreneurial Processes: A Poverty Perspective. IEEE Trans. Eng. Manag.

2023, 70, 1174–1185. [CrossRef]
122. Tommasetti, A.; Mussari, R.; Maione, G.; Sorrentino, D. Sustainability Accounting and Reporting in the Public Sector: Towards

Public Value Co-Creation? Sustainability 2020, 12, 1909. [CrossRef]
123. Fiandrino, S.; Tonelli, A. A Text-Mining Analysis on the Review of the Non-Financial Reporting Directive: Bringing Value

Creation for Stakeholders into Accounting. Sustainability 2021, 13, 763. [CrossRef]
124. Gil-Marín, M.; Vega-Muñoz, A.; Contreras-Barraza, N.; Salazar-Sepúlveda, G.; Vera-Ruiz, S.; Losada, A.V. Sustainability

Accounting Studies: A Metasynthesis. Sustainability 2022, 14, 9533. [CrossRef]
125. Štefan, B.; Žampa, S. Subsidies and Economic and Financial Performance of Enterprises. J. Risk Financ. Manag. 2021, 14, 505.

[CrossRef]
126. Bai, L.; Yan, X. Impact of social media capability on firm performance: New evidence from China. Asian Bus. Manag. 2023, 22,

118–136. [CrossRef]
127. Stundziene, A.; Baliute, A. Personnel Costs and Labour Productivity: The Case of European Manufacturing Industry. Economies

2022, 10, 31. [CrossRef]
128. Ba, Y. Power Dynamics and Corporate Power in Governance Processes: Evidence from US Environmental Governance Systems.

Amer. Rev. Public Adm. 2021, 52, 206–220. [CrossRef]
129. Santa-Maria, T.; Vermeulen, W.J.V.; Baumgartner, R.J. How do incumbent firms innovate their business models for the circular

economy? Identifying micro-foundations of dynamic capabilities. Bus. Strategy Environ. 2022, 31, 1308–1333. [CrossRef]
130. Aguiar, A.P.D.; Collste, D.; Harmackova, Z.V.; Pereira, L.; Selomane, O.; Galafassi, D.; Van Vuuren, D.; Van Der Leeuw, S.

Co-designing global target-seeking scenarios: A cross-scale participatory process for capturing multiple perspectives on pathways
to sustainability. Glob. Environ. Chang. 2020, 65, 102198. [CrossRef]

131. Vysochan, O.; Hyk, V.; Vysochan, O.; Olshanska, M. Sustainability Accounting: A Systematic Literature Review and Bibliometric
Analysis. Qual. Access Success 2021, 22, 95–102. [CrossRef]

132. Adhariani, D.; du Toit, E. Readability of sustainability reports: Evidence from Indonesia. J. Account. Emerg. Econ. 2020, 10,
621–636. [CrossRef]

133. Li, Y.; Dai, J.; Cui, L. The impact of digital technologies on economic and environmental performance in the context of I4.0: A
moderated mediation model. Int. J. Prod. Econ. 2020, 229, 107777. [CrossRef]

134. Lavin, J.F.; Montecinos-Pearce, A.A. ESG Reporting: Empirical Analysis of the Influence of Board Heterogeneity from an Emerging
Market. Sustainability 2021, 13, 3090. [CrossRef]

135. Rahman, R.A.; Alsayegh, M.F. Determinants of Corporate Environment, Social and Governance (ESG) Reporting among Asian
Firms. J. Risk Financ. Manag. 2021, 14, 167. [CrossRef]

136. Zaharova, E.A.; Lihacheva, N.A. Environmental Performance Evaluation of Oil Refineries. Chem. Technol. Fuels Oils 2021, 57,
482–486. [CrossRef]

137. Russo, A.; Pogutz, S.; Misani, N. Paving the road toward eco-effectiveness: Exploring the link between greenhouse gas emissions
and firm performance. Bus. Strategy Environ. 2021, 30, 3065–3078. [CrossRef]

138. Guastella, G.; Mazzarano, M.; Pareglio, S.; Spani, R.C. Do environmental and emission disclosure affect firms’ performance?
Eurasian Bus. Rev. 2022, 12, 695–718. [CrossRef]

139. Berg, F.; Kölbel, J.F.; Rigobon, R. Aggregate confusion: The divergence of ESG ratings. Forthcom. Rev. Financ. 2019, 1–48.
[CrossRef]

140. Xie, J.; Nozawa, W.; Yagi, M.; Fujii, H.; Managi, S. Do environmental, social, and governance activities improve corporate fnancial
performance? Bus. Strategy Environ. 2019, 28, 286–300. [CrossRef]

141. Bolton, P.; Kacperczyk, M. Do investors care about carbon risk? National Bureau of Economic Research. Work. Pap. 2020, 26968.
[CrossRef]

142. Sohn, J.; Lee, J.; Kim, N. Going green inside and out: Corporate environmental responsibility and fnancial performance under
regulatory stringency. Sustainability 2020, 12, 3850. [CrossRef]

143. Trinks, A.; Mulder, M.; Scholtens, B. An efciency perspective on carbon emissions and fnancial performance. Ecol. Econ. 2020, 175,
106632. [CrossRef]

144. Eurostat Database. Available online: https://ec.europa.eu/eurostat/databrowser/explore/all/all_themes (accessed on 15
January 2023).

145. Agarwal, R.; Mehrotra, A. SEM approach to understanding m-commerce use in a developing country. Int. J. Bus. Glob. 2021, 27,
403–423. [CrossRef]

https://doi.org/10.1080/20430795.2019.1681618
https://doi.org/10.1108/IJOES-12-2019-0190
https://doi.org/10.1109/EMR.2021.3101950
https://doi.org/10.1016/j.accfor.2004.11.001
https://doi.org/10.1109/TEM.2022.3195485
https://doi.org/10.3390/su12051909
https://doi.org/10.3390/su13020763
https://doi.org/10.3390/su14159533
https://doi.org/10.3390/jrfm14110505
https://doi.org/10.1057/s41291-021-00156-0
https://doi.org/10.3390/economies10020031
https://doi.org/10.1177/02750740211055221
https://doi.org/10.1002/bse.2956
https://doi.org/10.1016/j.gloenvcha.2020.102198
https://doi.org/10.47750/QAS/22.185.14
https://doi.org/10.1108/JAEE-10-2019-0194
https://doi.org/10.1016/j.ijpe.2020.107777
https://doi.org/10.3390/su13063090
https://doi.org/10.3390/jrfm14040167
https://doi.org/10.1007/s10553-021-01270-7
https://doi.org/10.1002/bse.2789
https://doi.org/10.1007/s40821-021-00195-9
https://doi.org/10.2139/ssrn.3438533
https://doi.org/10.1002/bse.2224
https://doi.org/10.3386/w26968
https://doi.org/10.3390/su12093850
https://doi.org/10.1016/j.ecolecon.2020.106632
https://ec.europa.eu/eurostat/databrowser/explore/all/all_themes
https://doi.org/10.1504/IJBG.2021.113277


Electronics 2023, 12, 2048 29 of 29

146. Zabukovsek, S.S.; Kalinic, Z.; Bobek, S.; Tominc, P. SEM_ANN based research of factors’ impact on extended use of ERP systems.
Cent. Eur. J. Oper. Res. 2019, 27, 703–735. [CrossRef]

147. Ooi, K.B.; Tan, G.W.H. Mobile technology acceptance model: An investigation using mobile users to explore smartphone credit
card. Expert Syst. Appl. 2016, 59, 33–46. [CrossRef]

148. Foo, P.Y.; Lee, V.H.; Tan, G.W.H.; Ooi, K.B. A gateway to realizing sustainability performance via green supply chain man-agement
practices: A PLS-ANN approach. Expert Syst. Appl. 2018, 107, 1–14. [CrossRef]

149. Vărzaru, A.A. An Empirical Framework for Assessment of the Effects of Digital Technologies on Sustainability Accounting and
Reporting in the European Union. Electronics 2022, 11, 3812. [CrossRef]

150. EUR-Lex. Communication from the Commission to the European Parliament, the European Council, the Council, the European
Economic and Social Committee and the Committee of the Regions the European Green Deal, COM/2019/640 Final. 2019. Avail-
able online: https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A52019DC0640 (accessed on 3 February 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s10100-018-0592-1
https://doi.org/10.1016/j.eswa.2016.04.015
https://doi.org/10.1016/j.eswa.2018.04.013
https://doi.org/10.3390/electronics11223812
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A52019DC0640

	Introduction 
	Theoretical Background and Development of Hypotheses 
	The Digitization Role in Sustainability Reporting 
	Conectivity 
	Websites and Use of Social Media 
	Information Management 
	Electronic Commerce 
	E-Government 
	Other Uses of ICTs 
	ICT Skills 
	Sustainable Performance Indicators 

	Data, Models, and Methodology 
	Data Collection 
	Creating the Structural Model 
	Estimating Relationships between Variables Using Linear Regressions 
	SEM-ANN Model 

	Results and Discussion 
	Analysis of the Relationship between Sustainability Performance Reporting Indicators and Those of Digitization—Hypothesis Testing 
	Ranking the Impact of Digitization Indicators on Sustainable Performance Indicators through the SEM-ANN Model 

	Conclusions 
	Appendix A
	References

