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Abstract

This study aims to highlight the importance of profiling clients’ psychological characteristics, particularly narcissism, as a
means of enhancing auditors’ professional skepticism in the fraud detection process. It proposes incorporating clients’
psychological profiles as an integral component of professional skepticism. The increasing sophistication of financial fraud and
the growing prominence of behavioral manipulation patterns necessitate the strengthening of professional skepticism among
auditors as a key mechanism for the prevention and detection of irregularities. The paper theoretically examines and synthesizes
existing knowledge on behavioral profiles of fraud perpetrators and levels of professional skepticism. This topic may be of
particular relevance to audit firms, regulatory bodies, and educational institutions developing audit-related programs.
Keywords: fraudster profiling, professional skepticism, fraud risk, audit quality

1. Introduction

Accounting fraud represents one of the most serious forms of financial irregularities, potentially generating adverse consequences
for the stability of financial markets, investor confidence, and the overall economic security of organizations (Milojevi¢, 2026).
Fraud is globally recognized as a significant issue, given that it leads to substantial financial losses and erosion of trust in the
economic system (Knezevi¢ et al., 2021). According to Milasinovi¢ et al. (2022, p. 21), “auditing is of great importance for
business and financial decision-making,” particularly considering that audit reports and audit opinions play a crucial role in
ensuring transparency for investors and other users of financial statements in their decision-making processes (Brown et al., 2020;
Knezevi¢ & Mitrovié, 2017). Evaluations performed by auditors can reveal errors, irregularities, and fraudulent activities, thereby
improving the quality and credibility of financial statements (Liu et al., 2024).

The growing incidence of fraud has led to an increased need to strengthen the role of auditors in assessing fraud risk during the
audit process, as well as in detecting fraud (Darsono et al., 2023). Fraud investigation has attracted increasing attention in recent
literature, particularly due to the impact of the digital environment, which has significantly transformed the nature of fraud,
making it more sophisticated and difficult to detect (Milojevié¢, 2025). Audits conducted with a fraud-oriented perspective play an
important preventive role in identifying potential fraud; however, their capabilities are limited, as auditors are not responsible for
planning and performing audits to detect misstatements that are not materially significant to the presentation of financial
statements (KneZevi¢ et al., 2019).

ISA 240 — The Auditor’s Responsibilities Relating to Fraud in an Audit of Financial Statements has been revised to provide
clearer responsibilities, a stronger risk response, and enhanced transparency. It clarifies auditors’ responsibilities, emphasizes the
fraud perspective in auditors’ risk assessment, provides appropriate responses to identified risks, and enhances transparency in
auditors’ reports for publicly traded entities.

One of the important aspects auditors must consider in the fraud detection process is professional skepticism (Brazel et al., 2010).
International Standard on Auditing No. 200 (ISA 200) defines professional skepticism as “an attitude that includes a questioning
mind, being alert to conditions that may indicate possible misstatement due to error or fraud, and a critical assessment of audit
evidence.” In other words, a low level of professional skepticism is considered one of the more prominent causes of auditors’
failure to identify fraudulent activities (Kacel et al., 2017; Beasley et al., 2001). Prior auditor experience with the psychological
characteristics of fraud perpetrators (particularly narcissism) may help increase the level of professional skepticism (Winardi et al.,
2017).

The remainder of this paper is structured as follows. The next section examines fraudster profiling, particularly how narcissism is
associated with attitudes toward fraud. This is followed by a discussion of professional skepticism in auditing. We then describe
the research design and the development of our experimental materials. Subsequently, we highlight the relationship between
fraudster profiling and professional skepticism. The paper concludes with final remarks, including implications for current audit
practice and directions for future research.
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2. Fraudster Profiling

The examination of the relationship between the psychological profiling of fraud perpetrators and auditors’ professional
skepticism in fraud detection cannot be separated from attribution theory. Attribution theory refers to the cognitive processes
individuals use to infer the factors influencing the behavior of others. The theory was initiated by Fritz Heider in 1958, who argued
that internal forces (personal traits) and external forces (environmental factors) jointly determine behavior (Luthans, 2011). Kelley
(1973) further emphasized that attribution theory is fundamentally concerned with how individuals provide causal explanations.
Internal attributions may include ability, effort, and skill, whereas external attributions may involve luck, task difficulty, and
culture.

According to the KPMG study Analysis of Global Patterns of Fraud (2011), a global study based on the analysis of several
hundred real fraud cases investigated by forensic teams across 69 countries, the profile of a typical fraudster is defined as follows:

= Most commonly male;

= Aged between 36 and 45;

= In most cases employed within the organization for more than 10 years;
=  Frequently occupying a senior position;

=  Working in a financial or finance-related role;

= Acting in collusion with other perpetrators;

=  Committing fraud against his or her own employer.

Professional skepticism is a complex and ambiguous construct, exercised through daily audit activities and interactions between
junior and senior auditors and their clients (Xu et al., 2023). This issue has attracted considerable attention among accounting
researchers. A particularly sensitive area involves related-party transactions. However, it is not easy to find studies examining how
the psychological profiling of fraud perpetrators may contribute to enhancing auditors’ professional skepticism in fraud detection.
It is argued that auditors should consider the importance of clients’ psychological characteristics, alongside quantitative materiality
(Jeppesen & Leder, 2016).

Profiling the psychological characteristics of fraud perpetrators (particularly narcissism) may provide auditors with potential red
flags (warning signals), thereby increasing their level of professional skepticism in fraud detection. Narcissism may be identified
as a fraud risk factor and should therefore be regarded by auditors as a potential red flag. Specifically, narcissism reflects
behavioral tendencies associated with fraudulent conduct that auditors should take into consideration (Blickle et al., 2006).

Narcissism relates to a personality disorder characterized by a “pervasive pattern of grandiosity, fantasies of unlimited power or
importance, and a need for admiration or special treatment” (Kacel et al., 2017). Campbell et al. (2010) distinguish between two
types of narcissism: grandiose narcissism and vulnerable narcissism. Grandiose narcissists are often visible in the workplace; they
tend to be overly confident and charismatic, possess high self-esteem, yet lack empathy and display arrogance. Vulnerable
narcissists, in contrast, are characterized by hostility and a high level of psychological defensiveness, accompanied by low self-
esteem, depression, and anxiety (Miller & Campbell, 2008).

Red flags represent a common and useful tool in the audit process, particularly in fraud detection, and client narcissism may
constitute one such red flag (Johnson et al., 2013). Red flags are an important instrument in identifying fraudulent activities.
Manifestations of narcissism may take various forms, such as displays of intellectual superiority, dominance, and general
orientation toward self-enhancement (Morf & Rhodewalt, 2001).

Narcissism is perceived as a psychological factor that may influence auditors’ skepticism. As a risk factor for fraudulent
behavior, it is considered one of the elements that may affect the level of professional skepticism (Winardi et al., 2017). Although
moderate levels of narcissism may be beneficial (Maccoby, 2003) and associated with positive personal traits such as confidence
and decisiveness (de Vries Miller & Miller, 1985), more extreme forms of narcissism are linked to unethical or fraudulent behavior
(Williams et al., 2010). Johnson et al. (2013) note that certain studies have associated observable measures of CEO narcissism with
risky and adverse organizational outcomes. Such measures include higher levels of executive compensation, the size and
prominence of the CEO’s photograph in annual reports, and the frequency of first-person singular pronouns in letters to
shareholders.

3. Professional Skepticism in Auditing

The factors influencing fraud detection include auditors’ professional skepticism, competence, independence, experience, and
time pressure in performing the audit. Professional skepticism is an essential quality for auditors and a key determinant of their
behavior and decision-making (Sun et al., 2022). Time pressure refers to the deadline given to auditors to complete their audit
responsibilities; when time is limited, particularly in complex cases, it may reduce auditors’ effectiveness in detecting fraudulent
activities (Agustina & Rusydi, 2021). These authors point out that ethical idealism and auditors’ professional skepticism lead to a
demand for more evidence in order to properly evaluate that evidence. Turner et al. (2003) highlight that management integrity is a
crucial element in auditors’ assessment of fraud risk.
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Various global regulatory bodies have consistently demonstrated interest in professional skepticism, as reflected in their
professional standards and inspection reports. For example, the American Institute of Certified Public Accountants (AICPA),
through its Statements on Auditing Standards (SAS No. 1 and No. 99), and the International Auditing and Assurance Standards
Board (IAASB), through ISA 200, require auditors to exercise professional skepticism throughout the entire audit engagement
(Alnafisah, 2019). In the past decade, audit regulators in several countries have identified insufficient application of professional
skepticism based on inspections of selected audit files, which may manifest in lower audit quality and inappropriate audit opinions
(Xu et al., 2023).

The study by Klarskov Jeppesen and Leder (2016, p. 10) shows that 69% of surveyed senior Danish state-authorized auditors had
experience with corporate psychopaths within their client management structures. It was observed that 70% had encountered more
than one such case. That experience with corporate psychopaths was more noticeable among auditors with extensive professional
experience and somewhat more prevalent among auditors from Big Four firms. Additionally, 43% of auditors who had experience
with psychopathic managers stated that those individuals had also committed fraud, while in 40% of cases, this was not observed.

It is noteworthy to mention two personality scenarios characterized by high and low levels of narcissism (Winardi et al., 2017, p.
84). In the first case, involving pronounced narcissism, an individual emphasizes having worked for a large construction company,
expresses strong pride in personal achievements, actively uses the pronoun “I” in communication with the auditor, highlights
personal authority and problem-solving abilities, and displays strong emotional reactions to audit inquiries. In contrast, in the case
of low narcissism, the individual worked for a small construction company, more frequently uses the pronoun “we” in discussions
with the auditor, emphasizes the team’s ability to solve problems, and demonstrates modesty in responding to audit questions.

The findings of Ananda Rinaldy and Saputra (2024) indicate that the risk of fraud in financial statements increases due to
financial pressure, ineffective monitoring, changes in directors or auditors, ego, and collusion. Dominant psychological
characteristics of narcissists include authority, superiority, exhibitionism, and attention-seeking (Raskin & Terry, 1988; Bogart et
al., 2004). However, some researchers argue that financial director narcissism does not necessarily lead to negative corporate
outcomes; rather, narcissism may function as a motivational mechanism, as it involves belief in one’s superior abilities and a need
for strong and constant affirmation from others, thereby driving individuals to achieve exceptional results (Xiang & Tian, 2020),
which may be in the company’s interest.

4. The Relationship Between Fraudster Profiling and Professional Skepticism

Professional skepticism, as defined by the International Auditing and Assurance Standards Board (ISA 200), involves a
questioning mind, alertness, and critical evaluation of evidence. However, skepticism is not merely a technical issue; it is also a
cognitive-behavioral category. Psychological profiling (e.g., narcissism, Machiavellianism, psychopathy, the so-called Dark Triad)
assists auditors in recognizing manipulative management behavior and identifying excessive self-confidence. Personality traits
such as narcissism, Machiavellianism, and psychopathy, collectively known as the “Dark Triad,” have received significant
attention in accounting literature (Buchanan et al., 2026, p. 27).

It is emphasized that if auditors have prior experience with such behavioral patterns, they are more likely to ask additional
questions, expand testing procedures, adopt a critical approach to contradictory evidence, and refrain from uncritically relying on
management representations during the audit. Integrating profiling into audit practice may include: incorporating psychological
factors into risk assessment, training auditors on the Dark Triad, developing behavioral red-flag checklists, and combining
quantitative materiality with qualitative indicators. This is particularly important for forensic auditors, who are playing an
increasingly significant role in effective fraud risk management.

The Chief Executive Officer (CEO) and Chief Financial Officer (CFO) are the two most important executives in a firm; although
they are not responsible for daily operational activities, they play a decisive role in the quality of accounting information (Xiang &
Song, 2021). Malmendier et al. (2013) find that the quality of accounting information is more strongly associated with the
characteristics of the CEO and CFO than with those of the entire management team. However, CFO narcissism influences audit
fees through various channels and mechanisms more significantly than CEO narcissism (Xiang & Song, 2021).

This appears logical for several reasons. First, CFOs exert more direct influence over the financial reporting process than CEOs,
as they are directly responsible for financial statements and make key decisions regarding accounting policies and disclosures.
Second, CFOs possess a unique capacity to engage in accounting manipulation, such as restructuring transactions, applying
inappropriate accounting policies, and committing fraud (Feng et al., 2011). The same study indicates that CFOs may engage in
accounting manipulation under pressure from CEOs, rather than initiating such manipulation for immediate personal financial
gain. Ham et al. (2017) find that executive narcissism is associated with strategic positioning, strategic choice, and staffing
decisions, underscoring the importance of identifying executive narcissism.

Auditor skepticism may be viewed from multiple perspectives. Carpenter and Reimers (2013) indicate that more skeptical
auditors identify a greater number of fraud risk factors, while Quadackers et al. (2014) find that they are more critical of
management explanations and provide a greater number of alternative explanations.
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5. Conclusion

Exercising due professional care entails the obligation to apply professional skepticism. In this context, fraudster profiling
represents a bridge between behavioral psychology and audit methodology, as it enables the expansion of professional skepticism
from a formal-procedural to a cognitive-analytical level. Profiling the psychological characteristics of fraud perpetrators, including
narcissism, is increasingly perceived as an important factor for auditors, particularly given their responsibility for fraud detection.
In other words, auditors should consider clients’ psychological characteristics beyond the procedural aspects of auditing, as this
may contribute to improving audit quality.

Fraudster profiling is undoubtedly an important activity in strengthening auditors’ ability to identify risk indicators and assess the
likelihood of material misstatements arising from fraud. Particular attention should be devoted to perpetrators’ psychological
characteristics, including elements of the Dark Triad, rationalization, opportunism, and behavioral patterns within the corporate
environment. Professional skepticism entails an attitude of critical thinking, continuous awareness of the possibility of fraud, and
readiness to challenge audit evidence, an approach that is increasingly important in a contemporary business environment
characterized by growing fraud risks and expanding digitalization.

Therefore, auditors should not passively accept information provided by management but must analyze consistency, reliability, and
alignment with other available evidence, adopting a critical stance. In the case of related-party transactions, skepticism is crucial
for detecting potential irregularities.
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Abstract

Rapid economic growth has degraded the environment in many countries. Increased consumption of energy derived from fossil
fuels and other non-green sources, inadequate production processes, and improper waste management have resulted in
significant environmental pollution, leading to higher public expenditures for healthcare and the remediation of natural
resources.

The promotion of green agenda principles and corporate conduct represents a necessary step toward establishing sustainable
production and business practices, those that do not endanger the environment and society, but instead ensure the revitalization
of natural resources for future generations. Sustainable extraction of natural resources and the development of innovative
technologies aimed at revitalizing or substituting natural resources have become an imperative and are receiving institutional
support worldwide. Green investments are increasingly recognized as desirable and continue to grow year by year across various
regions of the world.

This paper aims to highlight the importance of green finance and to present to the domestic business and academic community a
pathway toward a sustainable future, while supporting Serbia’s green transition through greater public awareness and visibility.
Keywords: Green finance, sustainable development, ESG, socially responsible investing

1. Introduction

Sustainable corporate business practices and the sustainable development of economies have come into focus for both business
leaders and political authorities across various countries. The proclaimed objective of policymakers, to ensure the well-being and
prosperity of the population, can only be achieved through sustainable development, as economic growth alone does not
necessarily imply development. On the contrary, in the pursuit of higher growth, i.e., increased production, economies often fall
into the trap of environmental degradation, which consequently leads to higher healthcare costs, remediation expenses, resource
restoration costs, and similar burdens. A particular concern is environmental pollution, which affects not only human and animal
health but also accelerates the depletion of natural resources and increases the risk of natural disasters resulting from rapid climate
change (Afzal et al., 2022).

The main sources of environmental degradation include the combustion of fossil fuels for energy production in households and
industry, toxins emitted by internal combustion engines, and industrial waste. It should be emphasized that energy consumption
and greenhouse gas emissions have significantly increased over the past two decades. The development of financial markets leads
to increased investment in the economy, and investments stimulate production, which in turn results in higher carbon emissions
due to increased energy consumption. Accordingly, Haseb et al. (2018) conclude that financial development has a significant
impact on environmental degradation. Global warming has significantly influenced changes in government policies worldwide, as
authorities seek economic growth and development while ensuring environmental protection. Policymakers, as well as managers at
the micro level, face difficulties in balancing economic growth with environmental requirements; however, at the global level,
sustainable investments have grown exponentially.

Data on sustainable investments are published by the Global Sustainable Investment Alliance (GSIA, 2024), an international
collaboration of national sustainable investment organizations that aims to promote and expand best practices in sustainable
investing through international cooperation and to increase the share of sustainable investments in total professionally managed
assets.

GSIA defines sustainable investing as an investment approach that considers environmental, social, and governance (ESG) factors
in portfolio selection and management. Sustainable investing incorporates the following strategies, which represent a global
classification standard (GSIA, 2018; 2024):

e Negative/exclusionary screening — excluding from sectoral portfolios (e.g., weapons, tobacco), companies (controversial
or corrupt entities), or practices (animal testing, violations of human and labor rights) based on ESG criteria;

e Positive/best-in-class screening — investing in sectors, companies, or projects selected due to positive ESG performance
relative to industry peers;
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e Norms-based screening — assessing investments against minimum standards of business practice based on international
norms (e.g., OECD, UN, UNICEF);

e ESG integration — the systematic and explicit incorporation of environmental, social, and governance factors into an
investment manager’s financial analysis;

e Sustainability-themed investing — investments in sustainable agriculture, clean energy, green technologies, i.e., selecting
investments aligned with sustainability trends;

e Impact/community investing — targeted investments aimed at addressing social, environmental, and community issues, as
well as providing financial support to entities with a clear positive social and environmental orientation;

e Corporate engagement and shareholder action — using shareholder influence to shape corporate behavior and directly
engaging with management regarding ESG practices.

According to GSIA (2024), responsible investments account for a significant share of professionally managed assets in every
region and represent a major force in global financial markets. Table 1 presents data on investments oriented toward responsible
and sustainable approaches.

Table 1: Responsible and Sustainable Investment Approach 2018-2024 (USD billion)

Region 2018 2020 2022 2024

Europe 676 2,740 10,164 14,345
United States 136 393 715 1,602
Canada 64 94 149 420
Australia and New Zealand 23 121 221 366
Japan 4 18 25 22
Total 902 3,366 11,274 16,754
Change (%) 273 235 49
Total investments 34.596 46.920 46.560 61.677
Responsible and sustainable investments (%) 3 7 24 27

Source: Morningstar Direct & Morningstar Research, September 2025.
Global Sustainable Investment Review 2024, Data Annex, Investment Insights.

2. Sustainable “Green” Development

Green, i.c., sustainable development, has become an imperative of economic policies across all European countries. It requires
states to transform currently unsustainable, or “non-green,” companies into green, sustainable ones (Behera et al., 2024). The
United Nations Industrial Development Organization (UNIDO, 2023) reports that many countries are strategically oriented toward
promoting environmental protection and social greening (Li et al., 2025).

The concept of sustainable business implies the implementation of innovative strategies aimed at environmental protection, while
profit is placed in a secondary position. Thus, the traditional theoretical assumption that profit is both the founding motive and the
primary objective of a company as a for-profit organization is transforming. Profit is no longer the dominant objective but is
subordinated to the protection of natural resources. Responding to the findings of the aforementioned researchers, Zhang et al.
(2022) argue that the concept of “green finance™ has not yet been precisely defined and that scholars have yet to reach a consensus
regarding its definition. While Baldi and Lambertides define green finance as the financing of business operations that generate
environmental benefits, other theorists (Beccetti et al., 2022) maintain that a business model can be considered green or sustainable
if it is primarily oriented toward engaging in sustainable activities, effectively addressing current environmental challenges, and
remaining profitable.

There is considerable divergence in defining the concept itself, which is expected with any emerging theoretical framework or
orientation. Nevertheless, it can be concluded that green finance represents an approach aimed at mitigating the effects of climate
change through financial investments directed toward environmental protection. Feyisetan et al. (2024) observe a significant
relationship between financial investments and climate change, noting that conventional investment activities have traditionally
not been dedicated to environmental protection but have instead been driven by the profit-maximization motive. What other
scholars (Brooks & Schopohl, 2020) emphasize as urgent and necessary is the development of standardized metrics for assessing
the environmental impact of investments, the establishment of regulatory frameworks that encourage sustainable corporate
behavior, and greater transparency in reporting.

Ultimately, this leads to a redefinition of the very purpose of establishing a company. A few decades ago, the prevailing view
reflected a textbook definition of the motive behind the creation of an enterprise, namely, the achievement and maximization of
profit. Today, this view has been substantially modified by incorporating sustainable business practices, such that the strategic
objective and purpose of a company may be defined as generating profit while prioritizing environmental protection.
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3. Economic Development and Our Mistakes

Economic development has evolved significantly. A century ago, postcards often depicted massive factory chimneys billowing
black smoke, symbols that at the time represented powerful industry and a nation’s productive strength. Today, the imagery is
opposed: smiling people using solar energy. Over the decades, the understanding of development has changed considerably. Even
today, however, many policymakers equate growth with development, failing to understand or accept that development does not
imply growth alone.

Unfortunately, our country also found itself in a difficult economic and financial situation at the beginning of the new
millennium. More accurately, Serbia’s economy never fully emerged from the crisis triggered by the dissolution of the former
Yugoslavia. The modest steps forward that resulted in increased production and wages remain far below Serbia’s GDP and per
capita income levels recorded in 1989.

With globalization, production was massively relocated from countries across the world and from nearly all industries to
geographically distant regions. These economic locations were able to sustain low wages, while certain industries, such as the
textile industry, could not tolerate high labor costs. Simply put, for a textile company to remain competitive and survive in the
market, it often has no choice but to relocate production to geographically distant locations with acceptable labor costs. These host
countries readily accepted various industries; their economies grew and gradually developed. However, as they absorbed segments
of global production, workers in home economies lost jobs, prompting governments to intensify economic policy measures aimed
at attracting foreign direct investment.

Over the past decade, a global competition for investors has emerged, with countries competing over the scale and types of
incentives offered to attract foreign capital. The Republic of Serbia has been particularly active in this regard, attracting significant
foreign direct investment supported by various financial and administrative measures: business subsidies, wage subsidies for newly
employed workers, reduced social contribution rates, free construction land, and the development of transport, communal, and
technical infrastructure. Additionally, tax and inspection authorities have often adopted a favorable stance toward foreign
investors. All of this resulted in economic growth. However, the question remains whether this growth constitutes genuine
development and, qualitatively, what types of industries have entered Serbia.

Unfortunately, it can be observed that predominantly polluting and relatively polluting industries have entered Serbia. These
include industries that negatively affect the environment and workers’ health. Examples include tyre manufacturing, which has
been characterized as environmentally harmful, as well as extractive and heavy metal industries that, due to low global market
prices for finished products, reduce their costs by disabling air filtration systems. Furthermore, segments of the automotive supply
industry, such as cable assembly operations, often result in severe occupational health consequences for workers.

Several researchers have examined environmental degradation resulting from financial investments. Afzal et al. (2022) find that
financial development, institutional frameworks, and foreign investments determine the scope of green development. In a study
conducted on a sample of 40 European countries covering the period 1990-2019, they compare financial development indicators,
such as domestic credit provision, bank credit to the private sector, and foreign direct investment, with measures of environmental
degradation, including energy consumption, CO: emissions, greenhouse gas emissions, and natural resource depletion. Their
model also incorporates income levels, institutional quality, existing technology, education levels, population size, and
urbanization. The study relies on a robust sample and a relevant time frame. The findings indicate that financial development has a
negative relationship with four different measures of environmental degradation, whereas foreign direct investment and
institutional quality, in certain contexts, exacerbate environmental protection challenges. In conclusion, Afzal et al. (2022)
recommend that policymakers strengthen institutions and develop green finance policies to reduce long-term environmental
degradation.

4. Green Finance in the Function of Sustainable Development

Raising awareness about the protection of natural resources, sustainable resource extraction, recycling, and employee well-being
has encouraged policymakers to more clearly and formally launch various initiatives aligned with the green agenda, culminating in
discussions that resulted in the adoption of the Paris Agreement. The green agenda implies the rejection of polluting industries and
the conversion of existing technologies, i.e., a transition toward clean technologies. Achieving sustainable economic development,
which represents a key policy objective, requires continuous promotion, integration, and institutionalization. Various researchers
(Giannopoulos et al., 2022) emphasize the urgent need to transform corporate operations toward sustainable practices, particularly
within the financial sector, which has led to the emergence of a broad initiative known as “green finance.”

Sustainable and socially responsible investments have become increasingly popular over the past decade among both domestic
and transnational investors. Their popularity has expanded as countries adopt the provisions of the Paris Agreement aimed at
mitigating the negative effects of climate change. Although the primary target of sustainable business is the reduction of CO:
emissions, the restoration of extracted natural resources, and adequate waste management, with a strong commitment to recycling,

11



IAI Academic Conference Proceedings Athens, 13 February 2026

other components of the ESG (Environmental, Social, Governance) concept, such as human and labor rights, investment in
employees, and corporate governance practices, are also incorporated into investors’ analytical frameworks.

Reliance on the ESG concept compels investors to orient themselves toward sustainable and socially responsible investments
(SRIs). They tend to prioritize profitable ventures that anticipate and integrate ESG principles into their operations, even if such
ventures offer lower rates of return compared to traditional investments that pay limited attention to environmental, social, and
governance issues beyond what is mandated by local regulations (Krueger et al., 2024).

Investors incorporate information regarding corporate environmental practices, social factors, and governance structures into
their investment decisions because such information enables better alignment of investment choices with their own preferences
(Starks, 2023). The ESG concept helps investors reduce various types of risk by aligning business practices with environmental
and ethical objectives while ensuring long-term financial stability and expected future returns (Gaurav et al., 2025). The same
researchers observe that consistent implementation of ESG practices enhances stability, reduces regulatory risks, and attracts
growing market demand. In capital markets, investors who integrate ESG principles into their securities portfolios create more
resilient investment portfolios while consciously supporting socially responsible and sustainable companies (Brain & Co., 2023).

In the case of the Indian financial market analyzed by Gaurav et al. (2025), socially responsible investments increased from USD
275 million in 2020 to USD 650 million in 2021 and exceeded USD 1 billion in 2023. Furthermore, the NIFTY ESG Index
outperformed the NIFTY 50 during the period 2023-2025, reflecting growing acceptance of ESG-oriented investments. Gaurav et
al. (2025) anticipate the continuation of this trend through an increasing number of investors committed to socially responsible
investments, which may contribute to a more socially conscious national economy and sustainable corporate practices (Ronald et
al., 2024).

Green finance encompasses six environmental objectives (Kian, 2025):
. Mitigation of climate change;

. Adaptation to climate change effects;

. Sustainable use and protection of water and marine resources;
. Transition to a circular economys;

. Pollution reduction; and

. Protection and restoration of biodiversity and ecosystems.

Green financing requires directing financial surpluses toward investment projects that provide measurable environmental
benefits. Related concepts include (Kian, 2025):

. Sustainable finance;
. Climate finance; and
. Low-carbon finance.

Managers and policymakers within national economies are therefore faced with the need for a deeper understanding of green
finance and green financing, that is, investing in sustainable and profitable ventures guided by the principle of “sustainability
before profit.” It is also evident that significant criticism has been directed at published non-financial information, particularly
regarding its excessive complexity and breadth, lack of structure, and qualitative, rather than quantitative, nature. Investors expect
financial material data to be incorporated into valuation models or compared with other indicators. This would significantly
facilitate (pre-) investment analysis, save time, and contribute to a more efficient allocation of financial resources.

Another criticism concerns the absence of a standardized reporting format. The existence of an internationally harmonized and
standardized structure for non-financial reporting, or at least clear guidelines, would greatly assist reporting entities and potential
investors alike. Investors could more easily navigate relevant report sections prepared under a globally aligned reporting
framework, enabling geographical comparability and faster investment decision-making, thereby enhancing overall financial
market efficiency. Until such a harmonized framework emerges, companies legally obliged to disclose non-financial information
may exploit this reporting vacuum by disclosing only minimal information required for formal compliance with existing
legislation. Such superficial and unsystematic non-financial reporting is unacceptable, as it lacks relevance and meaningfulness.

Serbia’s green transition has begun with the promotion of the platform “Green Agenda in Serbia,” which has been recognized by
business representatives, bankers, and public sector officials as an effective model for mobilizing green investments, as it rapidly
increased interest among companies, local governments, and public enterprises in financing green economy projects. Further
efforts are needed to secure additional support to accelerate these green investments, which will remain a focus of future activities.
In this regard, Serbia will intensively work on strengthening institutional capacities, developing procedures, and defining a
comprehensive green financing mechanism involving the state, international financial institutions, banks, and both the private and
public sectors (UNDP Serbia, 2025).

Serbia also receives support from the European Union through the initiative “EU for the Green Agenda in Serbia,” aimed at
accelerating green investments that will help the national economy and small and medium-sized enterprises become more resilient
to the negative effects of climate change. The European Investment Bank (EIB) for the Western Balkans notes that 10% of local
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companies have already recorded losses due to natural disasters. The EIB also provides technical support to banks within the same
initiative, helping transform innovative and environmentally friendly business ideas into bankable projects.

5. Conclusion

With the growing awareness among business leaders and the broader community regarding the importance of sustainable
operations and responsible practices, further progress in the broader application of the ESG concept and non-financial reporting
can be expected to yield a concrete ESG reporting format with defined metrics by reporting positions (e.g., carbon emissions,
employee rights and investments, gender diversity in management, etc.). The mere existence of clear guidelines would encourage
companies not yet legally required to provide non-financial (ESG) reports to voluntarily adopt ESG reporting practices and
gradually prepare for future reporting periods, thereby promoting responsibility and transparency.

It can also be concluded that institutional quality reduces environmental degradation; however, institutions must act in
combination with green financing mechanisms. Corporate management faces a significant challenge that reshapes traditional
theoretical assumptions regarding the purpose of the enterprise. The objective of the company is shifting from pure profit
maximization toward generating profit with full commitment to sustainable business practices.
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Abstract

This paper examines the legal regulation of the completion of a reorganization plan within bankruptcy proceedings and the role of
the bankruptcy court in confirming its implementation. Particular attention is given to the procedural framework governing the
declaration of the plan’s fulfillment and the rights of creditors and other interested parties to challenge such a declaration. Through
a doctrinal analysis of the relevant legal provisions, especially Article 121 of the bankruptcy law, the study evaluates the legal
nature of the court’s decision confirming the implementation of the reorganization plan and its procedural implications. The paper
argues that this decision should be understood primarily as a preliminary procedural act based on the report of the supervisory
administrator or the debtor, rather than a final judicial determination resulting from a full evidentiary examination. Consequently,
the possibility for interested parties to file objections before the same court represents an essential safeguard for the protection of
creditors’ rights. The study further analyzes the conditions under which liquidation proceedings may be initiated when the plan is
not implemented, emphasizing the need for a balanced and proportionate judicial approach. The paper contributes to clarifying the
interpretation and practical application of the legal provisions governing the final stage of reorganization proceedings.

Key words: Bankruptcy law; Reorganization plan; Bankruptcy court; Creditors’ rights; Liquidation proceedings.

1. Legal Force of the Reorganization Plan

The approval of the reorganization plan produces a positive effect in bankruptcy proceedings. For creditors, economic expectations
regarding the recovery of their claims become clearer; for the debtor, employees, and other entities affected by bankruptcy
proceedings, it creates a kind of relief or breathing space. However, this situation does not last long.

The real challenge of the procedure begins after the approval of the plan. The implementation of the reorganization plan constitutes
the purpose, function, and solution to the economic aspect of the procedure, representing the real objective of the law.

From a formal perspective, the reorganization plan constitutes the legal document approved by a decision of the bankruptcy court
and attached to that decision. The legal effects of the reorganization plan begin immediately after its approval by the bankruptcy
court.

From a substantive perspective, the reorganization plan of a debtor in bankruptcy proceedings, approved by the creditors and the
bankruptcy court, constitutes a new agreement between creditors and the debtor concerning the settlement of obligations, approved
by the bankruptcy court. Like any legal agreement, its content becomes binding on the parties and has the force of law between
them. However, unlike an ordinary civil law agreement, the reorganization plan also produces effects toward third parties.

The binding force of the reorganization plan constitutes its general legal effect.

Since the reorganization plan is approved by a decision of the bankruptcy court, once the decision becomes final, the content of the
plan is binding on all creditors, regardless of whether they voted in favor, against, did not participate in the vote, or have legally
appealed the court’s decision approving the plan.

The legal force of the reorganization plan is determined by three main elements:

1. the content of the plan;
2. the specific legal provisions applicable to all types of transactions defined in the plan;
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3. the provisions of the bankruptcy law.

Beyond these coordinates, the implementation of the reorganization plan, as an agreement concluded through legal procedures, is
supervised by bankruptcy bodies when such supervision is provided in the plan and monitored by the bankruptcy court. This
constitutes an essential difference from an ordinary legal agreement concluded according to the general rules of civil legislation.

Unlike an ordinary contract concluded in accordance with legal provisions, the reorganization plan has binding force not only for
the participants in the bankruptcy proceedings who voted in favor of its approval, but also beyond this group of subjects, giving the
legal force of the plan a “sui generis” nature.

Thus, co-debtors or guarantors of the debtor are usually not subjects of the procedure—they are neither creditors, parties, nor
participants in the proceedings. However, the approval of a plan for the debtor’s reorganization also affects these categories,
because the debtor is discharged from obligations toward co-debtors, guarantors, or other parties that assert claims against him, in
the same way as he is discharged from obligations toward bankruptcy creditors.

Specifically, the debtor under reorganization is liable to creditors in the proceedings only according to the content of the plan,
while creditors’ claims against third parties outside the procedure (such as guarantors or co-debtors connected to economic
transactions with the debtor) remain independent and may be pursued outside the bankruptcy procedure based on the respective
legal provisions governing the specific legal relationship.

For example, if a creditor is expected to realize 70% of their financial claim against the debtor according to a reorganization plan,
the creditor retains the right to claim the remaining 30% from co-debtors or guarantors of the debtor. Meanwhile, the debtor—who
is considered a party to the reorganization plan (although not a voter)—is discharged from the remaining 30% of the obligation.

This form of discharge from obligations represents the essence of the privileges granted to the debtor by law within bankruptcy
proceedings under the reorganization option. Through procedures that guarantee the proper application of bankruptcy law, a
general balance is ensured between the rights and obligations established in its provisions. This balance constitutes the economic
and legal foundation of bankruptcy law.

With respect to creditors, the plan produces consequences both for those who voted in favor and those who voted against, as well
as those who did not participate in the vote. Therefore, the reorganization plan has binding effect on them as if they had
participated and approved it.

On the other hand, if a potential creditor has not submitted claims to the bankruptcy administrator either at the opening of the
procedure or afterward, their claims generally cannot be executed during the duration of the plan if the debt arose before the
decision initiating the proceedings.

Thus, the court-approved reorganization plan produces effects for all obligations and debts of the debtor prior to the declaration of
bankruptcy, whose execution is suspended during the period of implementation of the plan.

If a creditor submits a claim after the approval of the reorganization plan regarding a right that arose before the beginning of the
procedure, that claim is not considered part of the plan and cannot be independently executed against the debtor outside the plan as
long as the plan continues to be implemented. However, the creditor retains the right to pursue fulfillment of the obligation,
including execution against co-debtors or guarantors, and after the expiration of the plan’s implementation period may also address
the principal debtor according to general rules.

The reorganization plan may include numerous transactions which generally require subsequent legal actions to become effective.
Legal provisions ensure that no party may unilaterally withdraw from the implementation of the plan.

To guarantee that the actions provided in the plan are irreversible and cannot be abandoned unilaterally, the law provides that
the consent of the parties is deemed given in the form required by law if the plan establishes, determines, or revokes rights over
movable property or determines that the capital or shares of limited liability companies have been transferred.

This means that for legal actions foreseen in the plan involving the creation, modification, transfer, or renunciation of rights over
such assets, the declarations of will of the parties included in the plan are considered executed in the legally required form.
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For movable property, this approach does not present particular difficulties. However, regarding participation in capital, quotas,
shares, or rights of a person toward the debtor affected by the plan, the discussion becomes more specific.

Law No. 9901/2008 “On Commercial Companies”, as amended, conditions the validity of the transfer of capital shares only on
written form and registration in the company’s registers, without requiring a notarial act. In such cases, the plan itself is considered
the act through which the consent of the parties has been expressed.

In all cases, the debtor is obliged to implement the content of the approved plan, and the supervisory administrator (if provided in
the plan) must submit the necessary documentation for all transactions defined in it and complete all required formalities.

The same approach applies to obligations assumed through the plan concerning the creation, modification, transfer, or cancellation
of rights over assets or the renunciation of shares in debtor companies.

For immovable property, the bankruptcy law does not establish the same rule. Therefore, if the plan contains clauses concerning
the transfer of immovable property, the provisions of bankruptcy law together with other relevant legal provisions regulating such
transfers shall apply.

2. Supervision of the Implementation of the Reorganization Plan

With the announcement of the court decision approving the reorganization plan, the duties and mission of the bankruptcy
administrator/supervisor generally end, except when the approved plan provides that the supervisory administrator remains in
office to supervise the implementation of the plan, specifying their competencies and duties.

It is understood that the plan cannot foresee every clause for every issue that may arise during its implementation. Usually, the
plan determines the basic framework for the continuation of the debtor’s activity until the obligations defined in the plan are
fulfilled.

Even when detailed, issues may arise during implementation. For matters not regulated by the plan, the relevant provisions of
bankruptcy law concerning the effects of the reorganization plan apply, provided they do not contradict the content of the plan.

After the approval of the plan by the court, the debtor generally regains the right to administer the bankruptcy estate and to
represent it in relations with third parties in accordance with the conditions of the plan, unless the plan provides otherwise.

If restrictions on the debtor’s authority remain or new ones are introduced in the plan, they must be registered in public registers.
The debtor is responsible for completing these registrations promptly, while the supervisor ensures their legal compliance.

During the implementation of the reorganization plan, the debtor continues its activity in accordance with the plan and takes all
necessary measures to fulfill the obligations provided therein. The continuation of activity may generate new rights and
obligations.

Obligations that arise after the approval of the plan are not subject to the automatic suspension effect provided in Article 118 of the
law. Therefore, their enforcement or termination follows the general rules governing civil obligations.

The bankruptcy court generally has no jurisdiction over disputes arising from such obligations unless they originate from legal
relationships defined in the plan or directly affect its implementation.

The implementation of the plan may be supervised in two ways:

1. By a plan supervisor, when the plan provides for supervision by a person appointed by the court;
2. By bankruptcy bodies, such as the creditors’ committee, the creditors’ assembly, or the bankruptcy court.
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2.1 The Supervisor

The supervisor of the reorganization plan is a subject of the bankruptcy procedure and must be explicitly provided for in the plan.
The supervisor ensures the implementation of the plan by monitoring the debtor’s compliance with the plan, bankruptcy law, and
applicable legislation.

Any person who meets the criteria to be a bankruptcy administrator may be appointed as supervisor. The role and powers of the
supervisor are determined in the reorganization plan and relevant legislation.

The supervisor does not replace the debtor or its governing bodies and is neither a party nor a representative of them. The
supervisor does not undertake commercial or economic activities, as these belong exclusively to the debtor.

The supervisor acts independently from both the debtor and the creditors and bears responsibility similar to that of a bankruptcy
administrator within the limits established by the plan and the law. However, the supervisor is not responsible for the debtor’s
actions.

The supervisor’s duties are therefore independent from those of the debtor, and their legal responsibilities are separate.

Beyond supervision, the supervisor should also act as a guardian of the debtor, helping ensure the successful implementation of the
plan and the revival of the debtor’s activity.

The supervisor prepares and submits to the bankruptcy court a report on the implementation of the reorganization plan once a year,
unless otherwise specified in the plan. The report is also communicated to the creditors’ committee, the debtor, and any creditor
requesting access.

The supervisor is responsible for the accuracy of the data presented in the report and must verify the information provided by the
debtor using supporting documentation such as financial statements, contracts, and similar records.

2.2 Supervision by Bankruptcy Bodies

If the plan does not provide for a supervisor, the debtor is responsible for implementing the plan and reporting to the bankruptcy
court according to the plan’s provisions.

In such cases, creditors monitor the implementation of obligations directly according to their respective claims, and oversight is
exercised by creditor bodies or the bankruptcy court.

Normally, the creditors’ committee ceases its functions once the plan is approved, but the plan may provide that the committee
continues operating and specify additional duties.

In such cases, the debtor reports to the creditors’ committee, which verifies the reports and acts as an advisory and preliminary
oversight body before reporting to the bankruptcy court.

After submission, each creditor has the right to review the report in order to protect their economic interests in the proceedings.

3. Completion of the Implementation of the Reorganization Plan

The implementation of the reorganization plan is monitored by the bodies specified in the content of the plan, which report to the
bankruptcy court in accordance with the provisions set out in the plan and, in the absence of such provisions, in accordance with
the applicable legal provisions.

The completion of the implementation of the reorganization plan, just like its approval, is declared by the bankruptcy court through
a special decision.

18



IAI Academic Conference Proceedings Athens, 13 February 2026

It should be emphasized that bankruptcy procedures generally follow the rule that if a stage of the procedure is concluded by a
court decision, then the product or consequence arising from that stage also follows the same rule, meaning that it is likewise
finalized by a court decision.

The law has provided in its Article 121, titled “Completion of the Implementation of the Reorganization Plan,” as follows:

1. The supervisory administrator or the debtor informs the bankruptcy court of the completion of the implementation of the
reorganization plan by submitting certificates or documents proving the full fulfillment of all the conditions agreed upon
in the reorganization plan.

2. The bankruptcy court issues a decision regarding the fulfillment of the plan in accordance with its provisions. The
decision of the bankruptcy court in this case shall be publicly announced.

3. Any interested party shall have 10 days from the date of the announcement to file an appeal by presenting evidence of
non-fulfillment.

4. In the event of an appeal, the bankruptcy court hears the debtor and the supervisory administrator and issues a decision
within five days, by which it either approves the full implementation of the plan or initiates liquidation proceedings.

From the content of this provision, it can be observed that the decision of the bankruptcy court regarding the fulfillment of the
reorganization plan is reached in chambers on the basis of the report and information submitted, as the case may be, by the
supervisor or by the debtor when the plan does not provide for a supervisor.

Before issuing such a decision, the bankruptcy court has the right to hear the supervisory administrator or the debtor by scheduling
a hearing and to examine the documentation confirming the implementation of the plan, such as payment confirmations, bank
statements, and similar documents. The above provision should be applied carefully with regard to the appeal, since it does not
refer to an appeal before the court of appeal against the decision declaring the full implementation of the reorganization plan.

Analyzing the legal context of this decision and the respective phase of the bankruptcy procedure, it may be stated that the court’s
decision in this case constitutes a preliminary decision, even though it is publicly announced. Through this decision, the court
declares the fulfillment of the plan on the basis of the report submitted by the supervisor or the debtor.

Such a decision does not have a final character, since creditors and interested parties are informed for the first time about this legal
situation—one that produces significant procedural effects—through an official formal act such as a court decision. At this stage of
the procedure, such a decision essentially represents the publication of the supervisor’s or debtor’s report regarding the
implementation of the reorganization plan rather than the conclusion of a judicial process resulting from the examination of
evidence during judicial investigation.

From a legal standpoint, it might be considered more accurate if the decision specified in Article 121, paragraph 2 of the law was
defined as a judicial decision that publishes the administrator’s or debtor’s report regarding the fulfillment of the plan. This would
provide a more coherent conceptual basis for the provision in the law granting the right to challenge the decision within a ten-day
period before the same court that issued and publicly announced it.

Therefore, for the purpose of a correct legal interpretation, the provision granting every interested party the right to file an appeal
within ten days against the decision of the court declaring the fulfillment of the reorganization plan—before the same court that
issued the decision should be understood and applied as a clear expression of the right of creditors and other affected parties to be
heard and to submit evidence of non-fulfillment before the bankruptcy court.

In this case, the appeal is examined by the bankruptcy court in a judicial hearing, where the appealing party, the supervisor, and the
debtor are summoned and heard. In the event that several appeals are submitted, the court may decide to procedurally consolidate
them into a single proceeding, since each appeal individually may potentially affect the decision declaring the plan as fulfilled.

The law provides that, following the review of the appeal, the court shall issue a decision within five days, through which it shall
decide either:

a) to approve the full implementation of the plan
b) to initiate liquidation proceedings.
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This formulation again appears to create some confusion, since the court has already issued a decision declaring the full
implementation of the plan. Nevertheless, regardless of the wording, if the claims regarding the non-fulfillment of the plan are
found to be unfounded, there are no grounds to overturn the court’s earlier decision.

(Alternatively, instead of the wording used in Article 121, paragraph 5 of the law, it could have been more straightforward to
provide that if the court finds the appeal unfounded, it rejects it, without the need to issue another decision “approving the full
implementation of the plan,” a decision that the same court had already announced previously.)

If, after hearing the parties, the court finds that the plan has not been implemented in accordance with its provisions and that the
preliminary decision declaring the full implementation of the plan under Article 121, paragraph 2 is therefore unfounded, the law
grants the court the right to issue a decision “for the initiation of liquidation proceedings.”

However, considering the progress of the procedure up to this stage—where it has been carried out through the implementation of
a reorganization plan—and the importance of initiating liquidation in such circumstances, this option should be approached with a
certain degree of caution by those applying the law. As formulated in Article 121, paragraph 4, the option of liquidation appears to
be presented as an unavoidable alternative if the court determines that the plan has not been implemented, even minimally.
However, this moment should not be interpreted as limiting the discretion of the bankruptcy court.

The bankruptcy court examines all appeals submitted by the parties affected by its preliminary decision declaring the fulfillment of
obligations in accordance with the plan under Article 121, paragraph 2. If, after hearing the parties and reviewing the submitted
documentation, the court finds that certain instances of non-fulfillment of the plan are not substantial, declaring the initiation of
liquidation would be excessive and would lack both economic and legal justification.

In such circumstances, it is reasonable to consider that the court, exercising its active role in the procedure and applying the
provisions of the Civil Procedure Code, has the right to identify the deficiencies and set deadlines for the debtor. In doing so, the
court may declare the appeal admissible and return the final report submitted by the supervisory administrator or the debtor. In its
decision, the court may identify the shortcomings and allow the supervisory administrator or the debtor the opportunity to remedy
them or to make the necessary corrections or additions in their actions, thereby avoiding the incidental initiation of liquidation
proceedings for deficiencies that may be remedied.

However, such an approach cannot be applied in every case of non-fulfillment. If, after hearing the parties, the court determines
that the previous decision declaring the fulfillment of the plan lacks factual basis, or that the actions provided in the plan cannot be
carried out, or that the plan itself is unenforceable, the court has the right, based on these findings, to declare the initiation of
liquidation proceedings against the debtor.

Considering the way in which the provisions of the bankruptcy law are structured—where the stages of the procedure are clearly
defined—the initiation of liquidation as a result of the failure or impossibility of implementing the reorganization plan should
ideally be the result of a specifically initiated process, rather than an incidental one. This is particularly relevant since the law itself
lists the same grounds for the initiation of liquidation as specific grounds in Part Six, Chapter One.

If the court finds the appeals filed against its preliminary decision to be unfounded, it reaffirms the preliminary decision approving
the full implementation of the plan, which essentially consists in confirming the complete fulfillment of the plan according to the
supervisor’s report.

The court’s decision in this case is published in accordance with the legal provisions governing the necessary public
announcements.

Once this decision becomes final, the reorganization plan ceases to produce legal effects, and the functions of the supervisor and
other bankruptcy bodies come to an end, while the jurisdiction of the bankruptcy court in the procedure it has conducted also
terminates.

4. Summary and Conclusion

The completion of the implementation of a reorganization plan represents one of the most important stages in bankruptcy
proceedings, as it marks the transition from judicial supervision to the restoration of the debtor’s normal economic activity. The
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legal framework governing this stage aims to ensure both the effective enforcement of the plan and the protection of the rights and
interests of creditors and other stakeholders involved in the procedure.

The analysis of the legal provisions regulating the declaration of the fulfillment of the reorganization plan highlights certain
interpretative challenges, particularly regarding the legal nature of the bankruptcy court’s decision and the procedural mechanisms
available for challenging it. The study demonstrates that the decision declaring the implementation of the plan should be
understood primarily as a procedural act based on the report submitted by the supervisory administrator or the debtor.
Consequently, the possibility for creditors and other interested parties to submit objections before the same court serves as an
important safeguard to verify the accuracy and completeness of the implementation process.

Furthermore, the initiation of liquidation proceedings in cases of non-implementation of the plan should be applied with caution
and proportionality. Courts should carefully evaluate the significance of any deficiencies in the implementation of the plan and
consider whether they are substantial or capable of being remedied before resorting to liquidation. Such an approach contributes to
maintaining the fundamental objective of bankruptcy law: balancing the protection of creditors with the preservation and recovery
of economically viable businesses.
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Abstract

International academic awards represent the highest form of recognition for research performance. They are often associated
with the concept of academic excellence and can serve talent management, research strategy design and implementation, and
resource allocation. The paper aims to investigate the research performance of academic awardees in the field of Engineering.
The analysis involves 118 awardees of seven internationally recognized academic awards in the field of Engineering. After a
comparative analysis of the seven academic awards selected for the study and the demographic background of the winning
researchers, an empirical analysis is performed. The analysis is based on a data-oriented comparative methodology, measuring
the researchers’ publication performance and related trends. In addition to outlining the general publication performance
attributes of these scientists, the study delves into their co-authorship networks. The assessment of their publication performance
will be benchmarked against national performance-based research funding systems, namely the Finnish JUFO system, which
categorises publication platforms into four distinct categories, which is widely accepted as measures of research excellence. The
results of the empirical study are in line with phenomena of the sociology of science, including the problem of brain drain,
elitism and Matilda effect. The highly prestigious international awards under review tend to be considered rather lifetime
achievement awards, with awardees receiving them at a very late age. These international awards can serve as an indicator of
academic excellence. The analysis covers the publication output of the awardees winning internationally recognized academic
awards in the field of Engineering, the scope of the analysis is worth being extended. The dataset is based on Scopus indexed
publications solely. The study offers a systematic methodology to measure academic excellence based on publication
performance. Besides, these international academic awards are often involved in the methodology of international university
rankings, however only a small number of universities can gain enough “Nobel” credits by academic awards. These
internationally recognized awards can boost institutional competitiveness and reputation. Therefore, it is crucial that university
management deal with the effects of international academic awards and incorporate the priority of winning them into the
institutional research strategy. The study explores the publication performance of awardees in the field of Engineering by using a
massive dataset and tested within the context of academic excellence.

Key words: International academic awardees; Academic excellence; Engineering; Comparative analysis; Publication
performance; Co-authorship network.

1. Introduction

Today, there is much debate and attention on the topic of academic excellence; nonetheless, a single definition of the concept
has not been made so far. In line with the book “The Formula” by Albert-Laszl6 Barabasi, academic excellence is defined as the
ability of a researcher or institution to have a significant impact on a particular field of science. It stimulates other researchers to
raise new questions by using new methods to contribute to common knowledge with significant and useful results. The
measurement of academic excellence is multifaceted, with a range of tools available, such as publications, citations, winning
research grants, academic awards, and student feedback. Recognition by the community, in this case the scientific community, is
an essential component of academic excellence, and hence of success.

One of the most explicit ways to measure excellence is through academic awards. In the case of the Nobel Prize, the universally
most recognised prize, we can state that winning it is synonymous with scientific success and a globally recognised reputation,
which academicians and their institutions use to measure their prestige and improve their standing (e.g. the Shanghai ranking,
graduate students, lecturers/researchers awarded the Nobel Prize or the Fields Medal), which in a global knowledge-based world
stimulates their economic growth. At the same time, Nobel awardees are role models for future generations, helping under-
represented groups such as women or members of national and ethnic minorities to enter the scientific field (Gallotti & De
Domenico, 2019).

No Nobel Prize is awarded in engineering, but there are numerous other major international prizes in the field. The aim of this
paper is to compare the prestigious prizes in engineering and the researchers who have won them, with a particular focus on their
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publication performance. A comparative analysis of researchers who have won prestigious awards and their publication
performance can help us understand the meaning of academic excellence in engineering. The study was conducted by identifying
the most important engineering awards and awardees and using publicly available biographical information and publication data.
After an introduction, the role of academic awards and related issues are discussed, followed by a description of the awards
included in the study. This is followed by a description of the results, and furthermore, the formulation of conclusions and policy
recommendations

2. International Academic Awards

2.1 The Role of Academic Awards in International Science

Increasing competition between higher education institutions has made it increasingly important to become a world-class
university as a criterion (Salmi, 2009). International university rankings have become a tool for measuring the effectiveness of
globalised and competitive higher education systems (Altbach, 2012), which focuses primarily on the academic performance of the
researchers working there. Measuring academic impact has therefore become prevalent not only at institutional level but also at
individual, researcher level. The evaluation is based on past performance, but in this context, it is also inevitable to address the
future influence of institutions/organisations (Fortunato et al., 2018). Accordingly, the prediction of scientific impact has become
important, in particular in terms of:

e Predicting the impact of researchers can help identify emerging talent, facilitate peer recommendations, and foster
effective collaborations.

e Anticipating scientific impact is also essential for the management of researchers and research-based institutions and for
the design of an effective institutional research strategy (Sasvari & Urbanovics, 2022).

e Predictions can help decision makers, inter alia in recruiting and promoting researchers, funding projects, and applying
for awards (Cheang et al., 2014; Ma & Uzzi, 2018).

¢ Quantitative methods can help with peer review and efficient allocation of resources.

e Predicting and understanding the factors that influence academic outcomes can help scientists plan their individual
research careers (Cheang et al., 2015; Dijk et al., 2014).

The scientific impact depends largely on the volume and quality of “academic capital” a researcher can accumulate over the
course of his or her career. The concept of academic capital originates from Bourdieu (1988), which he formulated in his book
titled “Homo Academicus”. In his book, Bourdieu analyses the academic sphere, presenting it, among other things, as a powerful
medium for the building of individual careers, however, which can be stalled or even destroyed. Academic capital depends on
several factors. These include origin, current livelihood, and social status, academic affiliations, number and place of publications
(indexed), political involvement, and media coverage. Therefore, academic capital depends not only on individual ability and
research productivity but also on general reputation. Scientific success itself is multifaceted and influenced by several factors,
including interdependencies among academics, with researchers from the major Western scientific powers enjoying a privileged
position. This is also highlighted by Albert-Laszl6 Barabasi in his book “The Formula” (2018), which focuses on systems of
relationships and networks. The author summarises the five most important factors of academic success in the form of a law,
which can be studied using network research tools and can contribute to success not only in academia, but also in sports and
artistic careers.

The five laws (Barabasi, 2018):

“Performance drives success, but when performance can’t be measured, our networks drive success.

Performance is bounded, but success is unbounded.

Future success is dictated by previous success multiplied by the fitness of your idea or product.

While team success requires diversity and balance, a single individual will receive credit for the group’s achievements.
With persistence success can come at any time.”

International academic awards are one of the most important forms of academic capital. In this paper, we use the IREG
Observatory definition to define this:

“The »international academic awards« as defined in this project, are those established to recognize the academic achievements
of internationally renowned individuals who make outstanding contributions to the advancement of knowledge, and generally are
granted to individuals without differentiation of gender, race, ethnicity, religion, language, nationality, disability or political
affiliation.”

The international scientific community has created several academic awards to encourage and reward the work and
achievements of researchers. The awards have several other roles in science:

e Awards are symbols of recognition and appreciation (Frey & Neckermann, 2009). They can increase the researchers' self-
esteem. The bigger and more recognised the prize or the organisation that awards it, the more valuable it is in the life of
the researcher.

e The awards entail social and material benefits, in some cases with direct financial rewards (Frey & Gallus, 2017).
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e The awards usually recognise high-risk, high-reward research. For example, the Nobel Prize is awarded for work that is of
great importance to humanity.
The new research results that win awards attract investors and, hence, can predict the direction of future research.
The awards inspire to achieve performances that were previously considered impossible.
They can also become a measure of scientific credibility.
The awards link disciplines, as a single researcher can receive recognition in several disciplines (Ma & Uzzi, 2018).
Substantial awards are an important tool for allocating research funds on a “double-blind” basis (European Peer Review
Guide, 2011).

e Finally, awards play an important role in the performance evaluation of institutions and individuals.

In terms of performance evaluation, it is important to note that the ARWU (Shanghai Ranking) methodology, one of the most
closely followed methodologies internationally, also considers academic awards. In his study, Marginson (2005) notes that the
success of the ARWU is due to the transparent numerical data, which, from the perspective of institutions, only consider academic
achievement and productivity, thus excluding soft indicators. Academic achievement is measured essentially at the level of
institutional academic productivity and individual academic excellence. The latter is measured by the number of prestigious
awards won and the number of citations. The precise indicators of ARWU help the managers of institutions assess performances
(Hazelkorn, 2008).

The motivational impact of academic awards:

e The importance of “first discovery”, which motivates the researcher to make the effort and commitment to become the
first descriptor of academic achievement.
Recognition of academic achievement in a particular field, winning an award can be important indicators of excellence.
An award-winning research area adds to the attractiveness not only of the career but also of the research field.
The added value of awarding has a clear impact on the researcher's subsequent income growth (Frey & Gallus, 2017).
The awards encourage award-winning researchers to continue their research. At the same time, they can motivate other
members of the scientific community to persevere in their work, so that they can receive similar awards in the future
(Frey & Gallus, 2017).

The motivational effect of the awards is questioned by many, as it cannot be determined without certain reservations and risks. If
an inappropriate person was rewarded with a prize, it may be difficult to withdraw it (Frey & Gallus, 2017). Financial
compensation is linked to measurable performance and thus encourages the researcher to make an effort. Awards, on the other
hand, primarily reward an achievement, a reputation. The lifetime achievement or posthumous award is an example of this, as it is
clearly intended to recognise past performance (English, 2005).

2.2 Trends in International Academic Awards

The importance of international academic awards for academic excellence is undisputed, but general trends can also be

identified. The careers of researchers can be divided into two stages (Frey & Gallus, 2017):
e from outstanding performance to recognition,
e from recognition to outstanding performance.

Research shows that, while the number of awards is increasing, the pool of researchers with scientific influence is shrinking, and
they are linked through networks of acquaintances and co-authors. These networks can function similarly to other social networks,
benefiting those within the network (learning, career advancement, support, etc.), with biased decisions excluding those outside the
group (Ma & Uzzi, 2018; Gallotti & De Domenico, 2019).

Highly prestigious awards for outstanding academic achievement are undoubtedly the most important recognitions in the world.
However, the number of subjects and awardees is limited, so significant academic achievements can go unrecognised. Relatively
few academic institutions can accumulate enough so-called “Nobel credits” to confirm their place in institutional rankings.
However, every year, more scientists win awards as the number of academic awards increases and covers a wider range of
specialisation, but this is contrary to the phenomenon that fewer researchers are rewarded more often. This trend, in turn,
highlights the issue of preferential connection and its well-known form in scientometrics, the Matthew effect (Merton, 1968). The
Matthew effect in this case means that those who have successfully won an award once will capture it again, which ultimately
leads to elitism (Ma & Uzzi 2018; Lu et. al., 2023).

The mechanism for awarding prizes is influenced by the researchers' network of contacts, which brings together researchers
from the same institution, country, or with a focus on similar research topics (Gallotti & De Domenico, 2019). The preference for
national identity during the nomination process makes it difficult for researchers from less represented countries to be awarded and
increases their chances of equal treatment (Gallotti & De Domenico, 2019)

Another major issue in award-related studies is the chances of women researchers to win international academic awards. The
gender gap is influenced by social and structural factors (Ahuja 2002). One such structural factor is the lack of female role models
and mentors, and an example is the low proportion of women in senior management positions (Jin et al., 2021). These factors
result in lower academic recognition of female researchers, with fewer chances of obtaining grants or management positions (W est
et al., 2013). The explanation for this phenomenon is the “Matilda effect”, as Rossiter (1993) formulated, which points to the fact
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that female researchers are less recognised, and their research results are often “appropriated” by male scientists. The gender gap in
career development in academia and universities is characterised by the fact that, although a higher proportion of women complete
their studies, few women reach senior positions in academia and their presence is under-represented compared to men (Box-
Steffensmeier et al., 2015).

When one looks at the careers of the awardees, certain trends can be observed. Generally speaking, elite research in different
disciplines shows that awardees often actively work from the start and that the impact of their achievements is significant. Their
outstanding research can usually be put at the beginning of their careers. Hillebrand (2002) concludes that success is more likely to
be achieved if a person develops an interest in science early on, has a good education, is persistent in his or her work, and is
willing to relocate, migrate within or outside the country. Regarding the relationship between creativity and age, evidence shows
that the most cited publication can occur at any stage in a researcher's life (Sinatra et al., 2016; Fortunato et al., 2018), i.c.,
achieving a scientific breakthrough does not depend on age (Sinatra et al., 2016). However, outstanding researchers have several
independent research projects going on at the same time. It is also a common tendency for awardees to experience a temporary
decline in their work after the award, and then later to return to their pre-award productivity level (Mazloumian et al., 2011). This
decline shows that the scientific community's focus is not on the achieved status and fame, but on the academic achievements. It is
often characteristic of awardees to change their original research topic after receiving the award, which may also have an impact
on the temporary decline in publication output, as it is time-consuming to study a new area and achieve a scientific breakthrough
when switching to a new topic. Finally, an increase in the co-authorship rate can be observed in the post-award period, and these
researchers often play a linking role in the co-authorship network (Jin et al., 2021).

3. Data and Method

3.1 Selection of Awards and Awardees Included in the Study

Several methods were used to select the prestigious international academic awards. International awards were considered to be
those awarded to individuals affiliated with institutions in more than one country over the period 2001-2021. High-profile
international engineering awards were selected based on four databases. Another criterion for selection was that the awards should
be listed in at least three of the M1-M4 databases.

Methodology 1 (M1): The selection was based on the publication of Meho, Lokman I. published in 2020, in which the author
identified 15 high-prestige awards in engineering disciplines (Meho, 2020). After examining the 15 awards, which included the
discipline, award website, and award announcement, we did not consider multidisciplinary awards. The preliminary list of 15
awards was narrowed down to only those related to the engineering discipline.

Methodology 2 (M2): We checked the awards selected in M1 in the publication titled “Mapping of Important International
Academic Awards” written by Juntao Zheng & Niancai Liu (2015), who used a multi-criteria selection to identify the most
important international awards by discipline. The main criteria for the selection are a) awards are given for research achievements;
b) awards are given without nationality or other discrimination (gender, ethnicity, political affiliation, etc.); c) they are given by
international, recognised organisations and foundations.

Methodology 3 (M3): The awards narrowed down in M1 were examined against the summarising list of Wikipedia titled “List
of prizes known as the Nobel or the highest honours of a field”.

Methodology 4 (M4): The next selection was the IREG Observatory list. The IREG Observatory uses a so-called “reputation
score” to distinguish prestigious international awards based on the following three criteria: a) awards for outstanding scientific
contributions; b) prizes awarded without discrimination (gender, ethnicity, political affiliation, etc.); c) prizes awarded by
international organisations, government organisations, prestigious foundations, scientific associations, national academies, and
scientific societies (IREG). The Nobel Prize was awarded a score of 1, and the IREG list of international academic awards was
drawn up from awards with a “reputation score” of 0.50 or more compared to the Nobel Prize.

Based on this, the selected awards are: 1. Benjamin Franklin Medal in Electrical Engineering, 2. Benjamin Franklin Medal in
Mechanical Engineering 3. IEEE Edison Medal, 4. IEEE Medal of Honor, 5. IET Faraday Medal 6. Queen Elizabeth Prize for
Engineering and 7. Timoshenko Medal

After the selection of the awards, we examined the awardees, again using a variety of methods.

Methodology 5 (M5): Based on the database of Meho, Lokman 1., we determined the name, gender, and affiliations of the
awardees based on the seven awards selected. A total of 118 awards were presented during the period under study, 2001-2021.
Based on the database, we identified the awardees who won two or more awards during the period under review, with a total of
seven individuals included in this list.

Methodology 6 (M6): Using a holistic, complex search, based on open-source information, we determined the age of the
awardees, the average and median age at the time of winning the award, and the place of birth of the awardees, as this often differs
from the affiliation at the time of the award-giving.

3.2 Data Collection and Analysis
After defining the scope of the awards included in the study, the publication profile of the award winners was collected from the
international multidisciplinary citation database, Scopus (Elsevier). The publication profile was defined based on the Scopus
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author identifier (Scopus ID), and the following data was listed about the profile: number of publications, number of citations, h-
index. We then exported the list of all publications related to the 118 awards (awardees) published in the last 10 years (2013—
2022). The publications were then imported into the SciVal online research support platform by publication identifier (EID),
making the SciVal descriptive statistics available. The publication list was used to examine publication trends over the last 10
years:

e the annual trend in the number of communications,

¢ the evolution of the Finnish (JUFO) and Scimago (Q-rating) rating systems,

¢ and research funding organisations.

We also used the evaluation system used in the Finnish performance-based research funding model as a reference for publication
performance. Although it has a strong correlation with the classification by quartile of Scimago, it does not consider it as a
benchmark and is more differentiated for journals. On this basis, the JUFO is interpreted in the international literature as an
attempt to define international academic excellence (Saarela & Kérkkdinen, 2020). The evaluation distinguishes between four
levels (P6lonen et al., 2021):

e Level 1 includes double-blind peer-reviewed publication channels with expert editorials, specialised in publishing
scientific research results. Most of the publication channels will be placed at Level 1, which is the basic level.

e Levels 2 (leadership) and 3 (excellence) are awarded to the highest quality and impact scientific journals, conferences,
and publishers, which are judged by experts as the best. Most of these are international publication channels, but in the
humanities and social sciences, Level 2 also includes Finnish and Swedish language publishers.

e Publication channels that have been evaluated but do not meet the criteria are marked with a category 0.

The publication list was then imported into the bibliographic analysis program VOSViewer, from which the 1000 authors in the
co-author network were filtered. The co-authorship network was constructed by treating authors as nodes and drawing an edge
between those who had published together. For a given pair of authors, each publication contributed to the weight of the
connection in a way 1/(N-1), where N was the number of authors of the publication. Thus, publications with many authors
contributed less to the strength of the connections compared to articles with few authors. Importing this filtered database into the
Gephi network visualization program, we examined the basic network indicators of the resulting co-author network:

¢ network density (the ratio of existing connections to the total number of possible connections),

e the average path length (for each possible pair of nodes that can be reached from one to the other),

e network diameter of the giant component (given by the maximum of the shortest path lengths),

¢ and the average clustering coefficient (the frequency with which two nodes are connected, each of which is connected to a
third node.

Excel was used for data analysis, VOSViewer and Gephi for network data analysis.

3.3 Description of the Awards and Awardees Included in the Study

The result of the selection and the awardees are presented below, based on the M1-M6 methodology. Table 1 illustrates the
awards included in the study for the period 2001-2021, with details of the number of awardees, the name of the awarding
organisation, and the result obtained for M1-M4.

1 1. Selected awards in the field of engineering, number of awardees between 2001 and 2021. Own editing based on the following:
M1: (Meho, 2020), M2: (Zheng & Niancai, 2015), M3: (Wikipedia: List of prizes known as the Nobel or the highest honours of a
field), M4: (IREG Reputation score)

Number of
Number Name of award awardees Awarding organisation M1 M2 M3 M4
(2001-2021)
Benjamin Franklin
1 Medal in Electrical 22 Franklin Institute (USA) X X 0.58
Engineering
Benjamin Franklin
2 Medal in Mechanical 9 Franklin Institute (USA) X X 0.50
Engineering
Institute of Electrical and
3 IEEE Edison Medal 19 Electronics Engineers, x X X 0.58
IEEE (USA)
Institute of Electrical and
4 IEEE Medal of Honor 16 Electronics Engineers, x X X 0.68
IEEE (USA)
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Institution of Engineering

5 IET Faraday Medal 19 and Technology (IET) X X
Queen Elizabeth Prize The Qup en Ehzabeth Pr'1 ze
6 . . 14 for Engineering Foundation x X X 0.51
for Engineering
(UK)
American Society  of
7 Timoshenko Medal 19 Mechanical Engineers, x X X 0.59
ASME (USA)

Total 118

The awards selected from M1 are identical to the awards defined in M2, so we confirmed the prestige awards from both
databases. From awards in M1 or M2, the Benjamin Franklin Medal in Electrical Engineering and the Benjamin Franklin Medal in
Mechanical Engineering are not included in the M3 database. Based on M4, one of the seven selected awards (IET Faraday Medal)
is not included in the IREG list because it does not have a reputation value of 0.5 compared to the Nobel Prize. The IEEE Medal of
Honor has the highest reputation score (0.68), followed by the Timoshenko Medal (0.59), with the IEEE Edison Medal and the
Benjamin Franklin Medal in Electrical Engineering in third place with a score of 0.58. The Benjamin Franklin Medal in
Mechanical Engineering and the Queen Elizabeth Prize for Engineering hardly made the IREG list, with scores of 0.50 and 0.51
respectively.

Of the 118 awardees, various conclusions can be drawn from the M5 and M6 presented above, particularly with regard to
demographics and affiliation data. Considering the first affiliation, 78 awardees belong to the United States of America, 32 to
Europe, and 8 to the Middle East/Asia. The picture is much more nuanced when considering the place of birth. The proportion of
European-born researchers is almost identical to that of US-born researchers (47-45), and 22 researchers are Middle Eastern or
Asian. Only 3 researchers' place of birth could not be determined. There is also a well-known phenomenon of brain drain, with
many award-winning researchers, although they have US affiliations, they were not born there. Similar results have been revealed
in terms of the regional distribution of the editor-in-chiefs (see, for example Csomos, 2024).

Taking the age composition into account, the mean year of birth was 1940 and the median 1939. The average age of the
researchers in the year of winning the award was between 71 and 78.5 in five of the seven awards, with a similar median. The age
structure of the IET Faraday Medal and Timoshenko Medal awardees was slightly lower, with a mean of 60 and 64 years and a
median of 58 and 68 years. Among the seven awards, the youngest awardee was 42 years old at the time of winning the award
(Queen Elizabeth Prize) and the oldest was 92 years old (IEEE Edison Medal). In terms of gender, the generality of awardees is
male, with only 5 female awardees in the period under review.

As mentioned above, seven of the 118 awardees won multiple awards. Robert H. Dennard received the most awards, three
awards, followed by Kees Schouhamer Immink, Bradford W. Parkinson, James J. Spilker, Michael F. Tompsett, Andrew J.
Viterbi, and Yablonovitch Eli with 2-2 awards. On average, 3.37 years elapsed between winning the awards.

4. Results

4.1 Publication Trends of the Award Winners
We start to present our results by looking at the publication activity of the award winners.

1200

1000 928 921 926 928 9%

\850/ —

800
600
400

200

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

1 1. Evolution of the publications of the surveyed awardees over the period 2013—2022. Own editing based on Scopus data.
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As can be seen in the figure, Scopus shows that between 2013 and 2022, the award winners wrote a total of 8518 publications.
Their publication activity declined over the years, although there were some outstanding years. This was the characteristic of the
year 2018, with 956 publications, followed by 2013 with 928 publications. In 2022, only 573 publications by award-winning
authors were published.

Book chapter Editorial
3% 2%

Review article
3%

Conference proceeding
33%

Journal article
59%

2 2. Distribution by type of publication of the surveyed awardees between 2013 and 2022. Own editing based on Scopus data.

When examining the type of publications, we can see that the award winners match the general trend of publications by
engineering scholars. At the international level, journals and conference proceedings are the most important publication platforms
in the discipline, as they ensure the fastest possible peer review process (Sasvari et al., 2022). During the period under review,
journal articles dominate the profile of award winners (59%), followed by conference proceedings (33%), review articles (3%),
and book chapters (3%).
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Q2; 831 | | Q3; 368 Q4; 200 4.2% o,
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3 3. Distribution of publications of the surveyed awardees between 2013 and 2022 by Scimago quartile (left), distribution by JUFO
Finnish ranking list (right). Own editing based on the data of Scopus, Scimago, and JUFO portal.

When the publication list was imported into SciVal, a total of 6107 journal articles were analysed by the system according to the
Scimago quartile classification. The result is shown in the figure (Figure 3 left), where 77% (4708) of the journal publications were
published in the highest Q1, 14% (831) in Q2, 6% (368) in Q3, and 3% (200) in Q4. For reference, it is also worth examining at
the world, the United States of America, and the European Union in the field of engineering during the same period. These show
that the average distribution for the world is: 40.4% (Q1), 21.9% (Q2), 20% (Q3), and 17.7% (Q4). The values of the European
Union (EU27 excluding the United Kingdom): 47.8% (Q1), 21.8% (Q2), 17.7% (Q3), and 12.7% (Q4). In the United States of
America: 52.7% (Q1), 21.3% (Q2), 16.2 (Q3), and 9.8% (Q4). So, we can see that the award winners are by far the most prominent
contributors to the highest-ranked Q1 journals.

The JUFO rating (Figure 3, right) also shows a very high proportion for the highest category, 3. The publications examined
show that the highest proportion of publications in the publication profile of the award-winning authors examined are from the
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basic category 1 (35.7%), while category 3 is also present in a significant proportion (34.1%). Therefore, it is clear that the
proportion of excellent publications is very high.

It is interesting to note that the top journals in terms of number of publications are all highly ranked journals: the IEEE
Transactions on Power Electronics (366 publications; Q1; JUFO 3), the IEEE Journal of Emerging and Selected Topics in Power
Electronics (118 publications; Q1; JUFO 2), the Journal of the Mechanics and Physics of Solids (114 publications; Q1; JUFO 3).

U.S. Department of
National Cancer Institute Energy

5% 5%

Office of Naval Research
5%
National Science

Foundation
22%

Horizon 2020 Framework
Programme
6%

Seventh Framework

Programme
T% - - .
Engineering and Physical
Sciences Research
Council
European Research 21%
Council

7%

National Institutes of
Health
8%

National Natural Science
Foundation of China
14%

4 4. Distribution of publications by research funding organisations of the surveyed awardees between 2013 and 2022. Own editing
based on Scopus data.

Research funding organisations also show a strong American dominance in terms of funding-related publication numbers, with 5
American, 3 EU, 1 Chinese and 1 British governmental organisation in the top 10 research funders. However, the British
Engineering and Physical Sciences Research Council is the second after the National Science Foundation (USA). 89.5% of all
publications were funded by a research funding organisation. In total, 160 such organisations are on the list. Also based on the
number of publications funded, Frede Blaabjerg were on the top of the list for 3 organisations, and Richard H. Friend and Robert
S. Langer for 2-2 organisations. In terms of institutions, Massachusetts Institute of Technology (MIT) and the University of
Cambridge were ranked first in 3-3 cases. It is also worth noting that the top 5 institutions account for 55% of the publications in
the overall publication list. Therefore, both funding and institutional contribution show a strong concentration based on the number
of publications written.

4.2 Co-authorship Network

Based on aggregate edge strength, the co-authorship network (Figure 5) shows the co-authorship network of the top 1000
authors. After running the necessary statistics, the co-author network is described by the following general network characteristics.
The total number of nodes is 1000, and the total number of edges is 11141. The average degree number is 7.153, and the average
weighted degree number is 45.166. The network diameter is 9, while the network edge density is 0.016. The number of related
components is 15, while the modularity is 0.861. The average path length is 4.086 between authors.
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5 5. Co-authorship network of the top 1000 authors. Own editing based on Scopus data using Gephi data visualisation software.

The network of co-authors examined includes 43 awardees. We can see that the authors are basically grouped in workshops.
Among them, Frede Blaabjerg (164.0) has the highest weighted edge strength, followed by Federico Capasso (102.0) and Ursula
Keller (70.0). Looking at the centrality indicators, Fede Blaabjerg also stands out (Table 2).

2 2. Centrality indicators for the central actors in the co-authorship network. Own editing based on Gephi data.

Name Closen;ss Harmopic Betwee.ness
centrality centrality centrality
F. Blaabjerg 0.365 0.466 94430.3
F. Capasso 0.322 0.411 64614.7
U. Keller 0.333 0.423 61861.6

5. Conclusions
The study examined the group of awardees in engineering discipline (2001-2021) and their publication performance over the

last 10 years (2013-2022). Our results show that the findings regularly cited in the international literature on the sociology of
science are also adequate for the award winners in this study. On the one hand, we could see that there is brain drain. When
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considering the affiliation of the awardees, 78 American and 32 European, 8 Middle Eastern and Asian were selected, considering
the origin, 47 American and 45 European, 22 Middle Eastern and Asian researchers were selected.

International university rankings also have a preference to use these internationally recognised awards in their methodology.
Only a relatively small number of institutions can collect the “Nobel” credits and reputations that these awards bring. In terms of
publication rankings (2013-2022), the top 5 institutions represent 55% of publications, indicating a significant concentration.
However, this could be distorting for other institutions, as such an award can provide a university a huge step forward in the
rankings, but it is known from the literature that only a small number of researchers (Pareto distribution) win these awards. Seven
of the researchers included in the study won 2 or more awards. In general, this could lead to the issue of elitism.

On the other hand, both the Matthew and Matilda effects can be observed for female recipients, as there were only 5 women
among the awardees surveyed. However, it is worth pointing out that in the analysis of the co-authorship network, one female
researcher is also among the central actors (Ursula Keller), ranking third in terms of individual centrality indicators.

In terms of the age of the awardees at the time of the award, the highly prestigious international awards under review tend to be
considered rather lifetime achievement awards, with awardees receiving them at a very late age. Therefore, winning the award is
often of symbolic value in their own careers, with little additional motivational effect. However, the awards and achievements they
represent can be an example to follow by the younger generation of researchers and can also be a motivating force. However, the
conclusions about young researchers are beyond the scope of this study and will be measured in a future study.

In terms of publication performance, we can conclude that the authors who won awards have a very high proportion of articles in
leading journals. This result can be identified both in the Scimago quartile ranking (77% in Q1) and in the JUFO assessment of the
Finnish performance-based funding scheme (34.1% in level 3). It should be noted that the JUFO ranking also provides a more
nuanced picture of academic excellence in the present study, as it differentiates more among excellent journals. Thus, in our view,
it makes sense to use the Finnish scoring system in addition to the Scimago scoring system when evaluating publication
performance.
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Abstract

Osseointegrated implants provide a predictable base for the restoration of function and aesthetics in the partially and completely
edentulous patient. Implant dentistry is now part of routine therapy and considered an option in every treatment plan that requires
tooth replacement. Before performing the implant surgery on a patient, we as clinicians, need to answer a few decision-making
questions. Some of these decisions include whether we should preserve or extract the tooth, what type of implant microstructure
would enhance osseointegration, what loading protocols should be applied, is site development or surgical guide needed, what
impression technique, prosthesis design or occlusion scheme should be used, and what prognostic factor will influence the intra
and post-operative success of our procedures. Through the description of various clinical cases and the review of contemporary
literature, this presentation will provide a systematic guide to implant treatment planning that we should consider for long-term
success. Clinicians and educators will find helpful guidelines based on literature and clinical cases for each step on the decision-
making process towards a successful and predictable restorative treatment.

Key words: dental implants, loading protocols, prosthesis design, occlusion, treatment planning.

Introduction

The history of implant dentistry spans not only decades but also millennia.

The ancient cultures of the world in Egypt, China, Turkey, substituted missing dentition with stones, shells, sand ivory, among
other human or animal teeth.

The establishment of metal replacements for teeth is relatively recent, in 1800’s surgeons used gold, silver, lead, and platinum
molded into various forms.

By early mid-20" century forms that are more familiar were developed. Dahl in 1940 created the sub periosteal implant that rested
on the jaw not in the jaw. These implants frequently were met with complications, like infections and bone resorption. Leonard
Linkow developed the blade fixture for areas of deficient bone. The blade design also met complications that precluded its use.
The root form implant is the current standard shape. Brianemark research concluded that osseointegration was realized between
bone and titanium. Endosseous implants made from Titanium or Titanium alloys have now become standard.

Osseointegration:
One of the first definitions of osseointegration given by Branemark was:

»  Direct structural and functional connection between ordered living bone and the surface of a load-carrying implant.
It describes light microscope findings, later it was seen that under electron microscope a layer of glycoproteins exists in direct
contact with the implant. Subsequently, several other definitions were presented. According to Zarb and Albrektsson the only
acceptable definition of Ol is based on a clinical examination, as a

*  Process in which a clinically asymptomatic rigid fixation of alloplastic material is achieved and maintained in bone during

functional loading.

This is in contrast to implants surrounded by fibrous connective tissue: fibrointegrated, which have shown a clinically discernible
mobility when loaded.

Osseointegrated implants Fibrointegrated implants
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The present design of the root form implant has undergone a few modifications, macro and microscopically. The main objective of
developing implant surface modifications is to promote osseointegration with faster and stronger bone formation, leading to better
stability, accelerating healing, improving the clinical performance, especially in areas of poor bone quality and quantity. In
addition, by accelerating healing, immediate or early load may be possible, improving the patient experience and quality of life.
Implant surface changes: Macroscopically, surface area augmentation often drives alterations in implant design. During the last
decades, a shift from a smooth to roughened design has transpired. A threaded implant leads to more initial stability and hence
greater success of osseointegration, also it facilitates self-tapping and eases placement. With this in mind, different implant
systems have features that distinguish them from one another. Recently, it appears that changes in the physico- chemical properties
of the titanium results in significant modulation of cell recruitment, adhesion, inflammation and bone remodeling activities in
addition to regulation on bone formation response.

CLASSIFICATION BASED ON MACROSCOPIC BODY DESIGN OF IMPLANT

it Y Ll Y @

ETLINOER THREAD BLATEAL PERPORATED SOLD LW

Surface alterations are also made microscopically. There exist varieties of different manufacturing methods to increase the surface
roughness of the implant, where the most commonly used are: Machining, Sandblasting, Acid etching, Anodic oxidation, Laser
modification or a combination of these. Calcium phosphates (CaP) are the most common family of bioceramics. They are
considered to be bioactive and osseoconductive. This raises the percentage of bone to implant contact and accelerates wound
healing (and osseointegration). Surface roughness is identified as an important parameter for implants and its capacity for being
anchored in bone tissue. Further, commercially available implants have been categorized according to the roughness value (Sa)
into 4 groups (Albrektsson & Wennerberg, 2004), smooth (Sa < 0.5 um), minimally rough (Sa = 0.5-1.0 um), moderately rough
(Sa=1.0-2.0 um) and rough (Sa > 2.0 um).

The Sa value represents the mean height of peaks and pits of the surface, while another important parameter is Sdr, which
represents the developed surface area compared to a perfect flat area. With a larger surface area, a larger contact to the bone tissue
is obtained.
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Success criteria for endosteal implants have been proposed previously by several authors. The report by Albrektsson et al is widely
used today. However, it does not consider the amount of crestal bone lost during the first year. In addition, success rates suggested
in this guideline describe an ideal implant quality of health for a study or clinical report, but does not address individual implants
that may have a stable condition in the mouth after a brief episode of bone loss.
Success:
No pain or tenderness, 0 mobility, <2mm radiographic bone loss, no exudate history
Survival:
No pain on function, 0 mobility, 2-4 mm radiographic bone loss
Compromised survival:
Sensitivity on function, 0 mobility, radiographic bone loss >4mm but < }2 of implant length, probing depth >7 mm, and possible
exudate history.
Failure
any of the following:
Pain on function
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Mobility

Radiographic bone loss > 2 length of implant
Uncontrolled exudate

No longer in mouth

Osseointegrated implants provide a predictable base for the restoration of function and esthetics in the partially and completely
edentulous patient. Implant dentistry is now part of routine therapy and an option in every treatment plan that requires tooth
replacement. In this aspect, implant treatment planning is the most important component of any treatment modality that we
perform. It is the treatment plan, not the treatment method that matters.

Without underestimating the paramount importance of the major steps on the treatment planning and diagnosis process such as:
comprehensive medical, dental, social history, extra/intraoral examination of soft and hart tissues, periodontal evaluation,
occlusion, radiographic and imaging examination, we will focus on a few decision making aspects of fixed implant prosthesis
treatment and draw conclusions based on the available literature.

Body of Manuscript

Some of these Treatment Plan Considerations are:
* Implants Vs Endodontics
»  Site Development
*  Placement and Loading Protocols
*  Impression Techniques
*  Prosthesis Design
*  Occlusion and Occlusal Schemes

I. IMPLANTS OR ENDODONTICS
One of the first treatment plan decisions is whether we should extract and place implant or perform endodontic treatment on the
tooth and then restore. In essence, the use of lenient success criteria in implant studies may translate to higher success rates, while
stringent criteria employed in root canal prognostic studies may lead to lower success rates. Studies show equivalent long-term
survival, with guidelines suggesting that:
1. Most endodontic failures are related to non-endodontic factors, and root canal treated teeth survive better if properly restored
(single crowns better than fixed partial prosthesis)
2. Failures due to endo reasons can be retreated by any type of endodontic retreatement, with orthograde retreatment preferably
3. Most implant failures are directly related to the implant itself and entail implant removal.
4. Due to higher esthetic demands in the anterior region, especially in patients with high smile line and thin mucosal biotype-
greater effort should be made to save a questionable tooth to ensure preservation of the soft tissue architecture
5. Posterior teeth are replaced by implants with less restraint than in the esthetic zone, also because of higher endodontic
complications and questionable endodontic prognosis in the posterior region

Implants and endodontically treated teeth
II. HORIZONTAL AND VERTICAL BONE AUGMENTATION

Various techniques can augment bone horizontally and vertically, but it is unclear which are the most efficient. Conclusions are
based on few trials including few patients, having a short follow-up, and often being judged to be at high risk of bias, however
based on the current literature:

There is moderate quality evidence which is insufficient to determine whether sinus lift procedures in bone with residual height
between 4 and 9 mm are more or less successful than placing short implants (5 to 8.5 mm) in reducing prosthesis or implant failure
up to one year after loading. However, there are more complications at sites treated with sinus lift procedures. Many trials
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compared different sinus lift procedures and none of these indicated that one procedure reduced prosthetic or implant failures when
compared to the other.
Short implants appear to be a better alternative to vertical bone grafting of resorbed mandibles.

WA

A i) «

Mandibular bone augmentation procedure with alloplastic material

Complications, especially for vertical augmentation, are common.

Some bone substitutes could be a preferable alternative to autogenous bone.

Osteodistraction osteogenesis allows for more vertical bone augmentation than other techniques, which, on the other hand, can
allow for horizontal augmentation at the same time. Titanium screws may be preferable to resorbable screws to fixate onlay bone
grafts.

a. a0
Implant direction can be compromised in sites without bone augmentation (a), parallel implants placed after augmented site (b)

III. IMPLANT PLACEMENT AND LOADING PROTOCOLS

Placement

- Immediate: right after extraction

- Early placement: 6-8 weeks after extraction

- Delayed placement: 3-4 months after extraction

Loading

- Immediate: A dental implant is connected to a prosthesis in occlusion within 1 week following implant
placement

- Early loading: A dental implant is connected to a prosthesis in occlusion betweenl week and 2 months following
implant placement

- Conventional loading: Dental implants are allowed to heal for a period greater than 2 months after implant
placement without connection of a prosthesis

We could also have immediate restoration without occlusal load placed on the restoration.

When selecting cases carefully and using dental implants with a rough surface, immediate loading with fixed prostheses in
edentulous patients results in similar implant and prosthesis survival and failure rates as early and conventional loading. For
immediate loading, most of the studies recommend a minimal insertion torque of 30 Ncm. The estimated 1-year implant survival
was above 99% with all three loading protocols. Caution is necessary when interpreting these results, as many confounding factors
exist that affect treatment outcomes with each of the loading protocols.

IV. IMPRESSION TECHNIQUES

Although various implant impression techniques are used to generate a definitive cast, the body of evidence shows controversy
over which technique is most accurate.

Literature shows that the splinted technique was more accurate than nonsplinted for both partially and completely edentulous
patients, while the open-tray technique was more accurate than closed-tray for completely edentulous patients, but not significantly
more accurate for partially edentulous patients.
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Impression materials did not affect the accuracy of implant impressions.

Implant angulation greater than 20 degrees affected accuracy of impressions for both partially and completely edentulous patients.
The dental literature provides insufficient data for the effect of implant connection type on accuracy and on digital impression
techniques.

a. Closed tray impression copings

b. Open tray impression copings

c. Implants analogs placed

d. Verification cast

V. PROSTHESIS DESIGN: ABUTMENTS, SPLINTING, SCREW/CEMENT

Splinting vs. Not Splinting
Multiple nonsplinted implants can be successfully included in clinical situations to optimize esthetics and circumvent the problem
of nonpassively fitting frameworks.
Studies have shown the FPD survival rate was 93.6% after 6-7 years while the corresponding value for SC was 97.5%
Clinical scenarios where splinting may be indicated:

- short implants

- augmented/grafted sites

- position of teeth in the mouth

- presence of cantelievers

- to enhance aesthetic outcome

- occlusion and parafunctional habits

- prosthesis survival (to increase prosthesis survival in cases when implant health is compromised)

Results from literature show peri-implant marginal bone loss around nonsplinted implants statistically equivalent to that observed
in splinted implants.
A more recent study found other factors such as prosthesis and crown-to-implant ratio had no significant difference in marginal
bone loss. Furthermore, nonsplinted implants, platform-switched abutments, abutment heights more or equal to 2 mm, and a one
abutment one-time approach yielded significant reductions in marginal bone loss compared to their counterparts.
Suggested Methods to decrease biomechanical stress to the bone-implant interface

— splinting implants together with no cantilever load

— restoring in mutually protected or canine guidance occlusion

— choose an implant design to increase bone-implant contact surface area

Screw-retained vs. Cement-retained
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Despite the questionable retrievability, cement-retained implant-supported fixed restorations are a reliable and effective option
especially for implant supported crowns and short span fixed partial prosthesis.
Considering factors for screw retained restorations:

*  Retrievability

*  Limited interocclusal space

*  Transmucosal depth >3mm

*  Passive fit of prosthesis

Fig.

Considering factors for cement retained restorations:
*  Aesthetics
*  Better occlusal surface
*  Easier procedure
*  Less components
Fig.

The final decision remains dependent on factors such as:
—  Clinical situation
— Implant angulation
— Implant type, number, position
—  Transmucosal depth
— Interocclusal space
—  Occlusal scheme
—  Esthetics
— Patient’s choice

a. Custom implant abutments

b. Abutment placement jig

c. Abutment placement jig (occlusal view)

d. Metal substructure splinted implants cement retained prosthesis
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e. Metal substructure splinted screw retained implant supported prosthesis

Working and non-working contacts with ca

Posterior implant crowns in occlusion

Occlusion plays a role in functional and biological aspects of implant prosthesis. A well-controlled and maintained occlusion could
reduce mechanical and biological complications, thus increasing the longevity of the prosthesis.

Dental implants present different biological and biomechanical characteristics than teeth.

There is, however, limited scientific evidence supporting cause —effect relations between occlusal factors and deleterious biologic
outcomes for osseointegrated implants.

The evidence supporting specific occlusal theories is based on expert opinion and limited clinical research. General
recommendations for occlusal schemes and morphology aim to reduce bending moments, non-axial load, and stress at implant-
abutment interface.

Though there is no evidence that occlusal factors cause loss of osseointegration, occlusal overload may however cause mechanical
complications, like veneer chip/fracture, screw loosening/fracture, or even implant fracture, therefore careful planning and ongoing
maintenance is important.

Implant supported full mouth restorations

Conclusion

After a comprehensive diagnosis and clear sequential steps towards the final prosthetic goal, with the patient’s biology,
functionality, and esthetics in mind, we can succeed even in most complicated cases.

The collaboration with our colleagues in other specialties such as Periodontics, Endodontics, Oral Surgery, and Orthodontics, thus
a multidisciplinary approach, is paramount to ensure achievement of these goals.

A carefully crafted, prosthodontically driven treatment plan is the cornerstone to a successful and predictable outcome.
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