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Abstract: Improving universities’ social impact is a significant problem in the higher education sector, which can be solved
by appropriately shaping public policies, strategies of individual scientific organizations, and academic practices. Effectively
conducting social impact analyses can support improving organizations’ functioning mechanisms and individual academics’
impact practices. These analyses can use data analysis methods and systems that are helpful for better understanding the
positive or negative effects of decisions regarding selecting organizational impact strategies. The study of social impact and
interactions between scientific organizations and their stakeholders is multifaceted and complex. Therefore, it requires the
use of interdisciplinary approaches and sophisticated knowledge-based models. It is worth paying attention to fuzzy logic,
which is useful in building such models and developing research on their application to support knowledge management
necessary for conducting comprehensive analyses of the social impact of various scientific organizations. This is justified by
the need to learn about the mechanisms of functioning systems of relations between scientific organizations and their
stakeholders, as well as the types of influence occurring and knowledge exchange during the implemented interaction
processes. The pace of changes in the scientific community environment forces an increase in openness for introducing
analysis models adequate for the dynamic progress in developing new computational technologies. The main goal of this
paper is to create a fuzzy inference model that helps support knowledge management for ongoing analysis and assessment
of the social impact of research. The presented theoretical considerations, relating to the construction of the proposed
model, are supplemented with a proposal for its implementation, which may later facilitate extensive verification studies
based on empirical data. The obtained preliminary research results allow for the formulation of fundamental limitations,
the overcoming of which creates a reasonable basis for further development of research on subsequent models of the
analysis of social impact.

Keywords: Societal impact analysis, Social impact of academic research, Knowledge-based models, Knowledge
management, Fuzzy logic

1. Introduction

Assessing research practices as sufficient is not simple because they refer to symbolic capital based on social
recognition and knowledge (Bourdieu et al., 2004). An effective social impact analysis is crucial for improving
research strategies by academic institutions and commercial organizations, and shapes the attitudes of
individual researchers. Publicly funded institutions in the United Kingdom and Australia have considerable
experience with social impact analysis and drawing practical conclusions. Various other countries have also
recently introduced or accumulated experience with difficulties in understanding concepts, terminology, and
conducting informed analysis.

Performing such analyses is not a straightforward task because the relationships between scientific
organizations and their environment and stakeholders are complex and multifaceted. This entails the need to
rely on expert opinions or complex methods and systems for data analysis. The problem of analyzing and
assessing the societal impact of research is still insufficiently researched, and no proper solution has been
found to date. The concept of “impact” is ambiguous and defined differently in individual countries that
develop public instruments and assessment systems for improving scientific research supported by public
funds. In the case of some systems, the importance of “engagement or partnerships” with nonacademic
surroundings is emphasized (in the Netherlands and Poland), improving “outreach” (Portugal) or relationships
with the “socioeconomic environment” (France) and, for others, the key terms are “third mission of the
universities” (Belgium and Italy), “valorization” (Belgium and France), “knowledge utilization” (the
Netherlands) or “knowledge exchange” (Hungary) (Bandola-Gill et al., 2021). Interesting methodological
approaches, which can assess the socioeconomic impact of academic research, are being developed in
countries where there are no nationwide research impact assessment systems that are modelled on the British
Research Excellence Framework or the Australian Excellence in Research. Instead, specific proposals and
solutions are being formulated and developed that improve approaches based on knowledge management
and adaptive learning systems, the use of which is to support better practices for analyzing and realizing
impact (Phipps et al., 2024).

It is noteworthy that, in this context, frequent attention is paid to issues relating to knowledge management.
Among the many possible solutions, interdisciplinary approaches and complex knowledge-based models, e.g.,
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using new computational technologies and Al, may look promising. The use of interdisciplinary approaches and
Al technologies enables the implementation of knowledge-based systems, which allow for intelligent data
analysis with the support of methods that help the generation of decision rules based on incomplete and
uncertain empirical data. Among such methods, there are mathematically inspired solutions of a symbolic
nature, such as fuzzy logic. Mathematical tools based on this type of logic are proven mathematical tools that
are useful in many different applications and for creating models with interesting properties. They can support
the collection and management of knowledge that is beneficial for the implementation of multi-aspect
analyses of the social impact of research conducted by scientific organizations. The dynamic development of
new computational technologies and artificial intelligence justifies the proposal to use such models. The use of
fuzzy knowledge-based models enables support for knowledge management regarding social impact,
exploration of highly complex relationships between scientific organizations and their immediate and distant
environment, and learning about the mechanisms of knowledge exchange relating to the implementation of
interaction processes.

The main goal of this paper is to create a fuzzy inference model that helps support a knowledge management
scheme for ongoing analysis and assessment of the social impact of research. The knowledge used is
represented in the form of fuzzy if-then rules. The knowledge base built from these rules can be continuously
updated thanks to a feedback loop. Theoretical considerations concerning the basics of design and
implementation of the proposed model are presented. The theoretical content is supplemented with practical
remarks that may be useful during the implementation of later broader studies devoted to empirical
verification of the proposed model. Conducting the preliminary studies described in this paper allows us to
outline the limitations and challenges, which will possibly be overcome thanks to further progress in research
on increasingly perfect models of social influence analysis.

2. Analyzing the Societal Impact of Academic Research

Increasingly more universities are preparing reports on their research, teaching, and service activities in the
context of the United Nations Sustainable Development Goals (UN SDGs). This is seen as having real benefits,
e.g., improving reputation, strengthening university engagement with stakeholders, supporting innovative
research, and promoting transdisciplinary research ideas. However, it is not a simple task to achieve;
comments from skeptics sometimes include accusations of greenwashing (De Villiers et al., 2025).

Among the UN SDGs, the social aspects of the activities of universities play an important role. In recent years,
it has become possible to observe the growing importance of analyses concerning these aspects performed in
terms of improving the quality of research and their significance for the environment of scientific institutions.
In particular, growing interest is being aroused by the issues of the societal impact of research and
performance-driven assessment technologies, which are conducted to improve the quality of research, and the
rationality of decision-making regarding the expenditure of public funds for these purposes and stimulating the
global competitiveness of research centers. The development of methodological foundations (i.e., research
quality indicators and measures and methods of impact assessment) for the correct conduct of these analyses
not only promotes the development of competitiveness but also facilitates the construction of a foundation
for a responsible and measurable contribution to the knowledge-based economy. In addition, it helps in the
commercialization of scientific research results at various levels: organizational, national, and international
(Oancea, 2019).

nalyzing and assessing the societal impact of academic research is not an easy task. There are currently lively
debates on understanding the basic concepts and terminology used. Key topics discussed in these discussions
include the real possibilities of influencing nonacademic audiences and the negative consequences of
improperly defining and formalizing impact for the purposes of analyses conducted within research funding
systems. In particular, the unclear distinction of impact relating to outcomes (e.g., socioeconomic effects) or
emphasizing the importance of selected processes (i.e., partnerships, engagement, or knowledge transfer,
exchange, and utilization) (Bandola-Gill et al., 2021). It is worth paying attention to the aspect of streamlining
the process of transferring generated scientific knowledge to society and improving the achieved societal
impact as a result of increasing engagement with research stakeholders (Azagra-Caro & Boni, 2023).

Leading British solutions relating to the analysis and assessment of the impact of scholarly work outside of
academia (the results of which are linked to public research funding) were introduced as part of the Impact
Agenda and Research Excellence Framework 2014. The results of such analyses provoke lively discussions on
science policy and the development of innovation, and even the possibility of formulating recommendations
for decision-makers on how to democratize research impact assessments, supporting equitable and inclusive
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research impact to increase equity in academic careers (Araci & Ozbilgin, 2025). The British solution has
become a model to follow in various countries with significantly different public finance capabilities and
science systems. The results of comparative analyses of, e.g., UK, Poland, and Norway indicate the need for
further in-depth research on improving the methods used and adapting them to national realities, not only in
terms of refining definitions and evaluation criteria but also aspects relating to specific features of academic
culture (Wrdblewska, 2024).

It is difficult to develop approaches, methods, and tools that support the analysis and assessment of social
impact due to the aforementioned cultural diversity, difficulties in understanding the heterogeneity of cultural
tools, and the need to take into account the existing nondeterministic mechanisms that prevent the simple
application of patterns of thinking and behavior regarding explicit and implicit expectations (Williams &
Michalska, 2024). Another challenge signaled in the literature is the need to move away from traditional and
exclusively retrospective methods of analyzing the impact of research in the event of global or international
crisis situations (e.g., relating to the coronavirus pandemic) toward iterative approaches enabling
semiautomatic rapid ongoing assessment and the implementation of rapid responses of national research
systems to crisis situations (Baaden et al.,, 2024). Intelligent systems using fuzzy logic are well suited to
supporting the solving of poorly structured problems in an automated and expert-based manner. They are the
subject of the next section.

3. Applying Fuzzy Inference-Based Models

Fuzzy rules can be used to represent and store knowledge from domain experts conducting multicriteria
analyses and assessments of the societal impact of academic research. Empirical data from evaluators in such
a situation constitutes the basis for discovering knowledge, which is then recorded in the form of rules.
Knowledge recorded in this way reflects the experiences and hidden motivations of experts who make
decisions in specific situations, based on reasons that are not always clear, and in specific conditions of a
dynamically changing environment.

Fuzzy logic is the basis for the development of research relating to soft computational methods, which are very
useful in cases where the studied problem is imprecisely described and difficult to estimate using quantitative
methods. This is a typical situation for many issues in the field of analyzing social phenomena and problems.
This type of logic allows for expanding the scope of possible research and complementing available approaches
and methods that are important for fundamental support of the creation of knowledge systems, which are
useful in supporting the solution of decision problems under conditions of uncertainty, for which domain
expert knowledge is required.

Fuzzy logic facilitates the implementation of intelligent and complex systems operating in accordance with
human-like reasoning. It finds numerous applications in solving problems requiring interpretation, analysis,
and evaluation of phenomena relating to the inherent ambiguities concerning social aspects, for which it is
necessary to use imprecise and uncertain data (Sekhi et al., 2025). The aforementioned properties of fuzzy
logic mean that it is suitable for implementing multicriteria analysis and evaluation processes of the societal
impact of academic research, for which deterministic methods based on two-valued logic and classical set
theory are inappropriate. Classical solutions do not accept the uncertain assignment of objects to sets,
generalizations, and gradation of estimated values of variables. In the case of classical set theory, objects
should be precisely and unambiguously assigned to sets. For the newer theory of elements, this approach is
different, and some objects may partially belong to defined sets. In the case of analyzing the societal impact, it
is necessary to use ambiguous and incomplete data, as well as to use inference tools under conditions of
uncertainty. Fuzzy methods are used to solve many problems, the solution of which is impossible or
unprofitable using standard mathematical models.

Fuzzy logic is the basis for proposing approaches to reasoning based on imprecise conclusions and building
knowledge bases about objects characterized by fuzzy attributes; knowledge is represented using fuzzy if-then
rules. Knowledge recorded in databases is understandable to humans thanks to readable forms. This formal
representation of knowledge assumes its recognition in the form of information granules. Knowledge
granularity and fuzzy information enable its practically useful modeling using the following categories of sets:
classical (crisp) and fuzzy. Such a view of sets constitutes, as well as granulation, knowledge organization, and
causation, the basis of human-centric computing analogous to human cognition (Zadeh, 1997). Granular fuzzy
logic systems can be used to store various types of knowledge and effectively support knowledge management
processes thanks to the previously developed mathematical tools and algorithms for learning, discovering, and
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generalizing knowledge, on the basis of which it is possible to infer and draw practically useful conclusions
(Pedrycz & Song, 2012). Granular fuzzy rule-based models often achieve high levels of accuracy, significant
interpretability, prediction intervals with sound robustness, and high granular performance (Pang et al., 2022).

In the granular rule modeling systems discussed here, fuzzy sets are the basis for designing and implementing
knowledge-based fuzzy systems. Knowledge is represented in the form of if-then rules constructed with
antecedents and consequences: IF x is A THEN y is B. In these rules, x and y are variables that have linguistic
values A and B in accordance with the concept of fuzzy sets (Zadeh, 1965). There is a vast literature available
on the applications of artificial intelligence supporting knowledge management processes (Girdn et al., 2025).
Al technologies are generally used for intelligent information processing and, within such applications, various
research areas relating to fuzzy reasoning can be observed (Zhang, 2025). Fuzzy logic is the basis for the
development of systems supporting knowledge management in various areas, e.g., supply chain management
(SCM) (Ettahiri & Elmaallam, 2019), demand forecasting in SCM (Subramanian et al., 2025), knowledge-based
stakeholder analysis (Grzeszczyk & Kuchta, 2021), performance measurement systems (Lee & Wong, 2017),
formulating actionable recommendations based on analyses of complex decision-making scenarios for
infrastructure projects (Hajimirzajan et al., 2025) and benchmarking the knowledge management performance
in companies (Kale & Karaman, 2011).

The most commonly used solutions based on fuzzy logic include fuzzy inference models, which are known for
their use in fuzzy control and generating decision rules useful in various applications in decision support
systems. For the years 2004-2024 and the keywords “fuzzy inference systems” and “decision support
systems,” 417 results were obtained for the search conducted in April 2025 in the Scopus database (including
Article Title, Abstract, and Keywords). An upward trend is noticeable in this time series, illustrating the number
of publications. The largest number of publications was assigned to the fields of computer science (60%) and
engineering (43%). Relatively few in decision sciences (6%), business, management, and accounting (6%), and
social sciences (5%). This results in significant research potential regarding the applications of fuzzy inference
systems in decision support in business, management, and economics.

Fuzzy inference models are suitable for solving classification and regression problems, enabling the discovery
and accumulation of knowledge from imprecise empirical data in a way inspired by human reasoning. They are
well suited for representing nonlinear relationships between input variables and output variables, and for
solving decision problems involving subjective factors, attitudes, and circumstances, e.g., regarding mergers
and acquisitions processes for acquirer and deal-specific factors (Campbell et al.,, 2016). Fuzzy logic also
supports analyses where variables are not precisely defined. Fuzzy inference models are also a proven tool
useful for implementing effective prediction methods and management control systems for enterprises
(Nasiboglu & Nasibov, 2025; Nicolas et al., 2021).

Intelligent fuzzy inference systems require defining input and output linguistic variables, as well as the
knowledge base, which is built on fuzzy rules. Their operation requires converting crisp input values into fuzzy
values. The operation of a typical model is based on three stages of the following sequence of actions:
fuzzification, inference, and defuzzification. The first stage concerns determining the membership grade of
crisp input datasets, while the second stage involves the resulting membership function based on the input
membership grades. The last stage concerns outputting crisp values corresponding to the modified
membership function of conclusions (Gomes & Basilio, 2024).

Knowledge-based fuzzy systems operating in accordance with the idea of fuzzy inference models are useful for
supporting the analysis and assessment of the societal impact of research. This is particularly justified due to
the complexity and variability of the problems studied, the turbulent nature of the organization’s environment
resulting from, among others, the frequently changing requirements of sponsors and regulations, as well as
the growing competition between scientific institutions. The high pace of change and the dynamic nature of
the processes of analysis and assessment of social impact require the provision of tool support for experts in
the form of intelligent systems based on the discovery and collection of domain expert knowledge. The
processes of managing this knowledge are very complex, requiring the processing of ambiguous, inaccurate,
and uncertain data. Progress in this type of research can be achieved through experiments with a selected
model of fuzzy logic, which is the subject of the next section of this paper.
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4. Methodology and Results

Research was performed to find answers to the following research question: What is the need and possibility
of using fuzzy inference models for analyzing the societal impact of academic research? Finding answers to
such a question allows for obtaining the effects of a theoretical, cognitive, and application nature.

The following assumptions were adopted for the developed fuzzy inference model:

e a multi-aspect approach, which ensures taking into account various quantitative and qualitative
variables,

e universality of the model expressed in terms of the possibility of its application at various levels—
individual research teams and entire organizations,

e primacy of the learning process over the static use of knowledge resources,

o feedback allows for continuous updating of the knowledge base and dynamic adaptation to occurring
changes,

e based on a systemic approach integrating interdisciplinary solutions,

e two-stage design—from a general model to a formalized form facilitating its implementation,

e preliminary experiments covering implementation and initial verification using empirical data,

e knowledge base regarding objects characterized by fuzzy attributes with knowledge that is
represented using fuzzy if-then rules,

e use of the Sugeno-type model as a fuzzy inference system,

e fuzzy logic allows for taking into account the ambiguity and uncertainty characteristics of different
expert opinions regarding the societal impact of research,

e empirical basis for model verification is experience relating to knowledge discovery and multicriteria
analysis.

The integrative nature of systems research offers valuable opportunities for developing models that draw on
interdisciplinary approaches to address the complex challenge of assessing the social impact of research
(Grzeszczyk, 2025). To support this effort, new socio-technical decision support systems should be designed to
meet the evolving demands of a paradigm shift toward decision-making frameworks that systematically
incorporate social and ethical considerations (Raza, 2022).

. Data Ongoing analysis
Current input . .
cris P preparation . if-th | Converting N and assessment
variabples > for fuzzy | Fuzzy i-then rules =y crisp values of the social
inference impact of research

Figure 1: Fuzzy inference model for ongoing analysis and assessment of the social impact of research

The results of the modeling processes were presented in the form of a model of the system for collecting and
sharing technological knowledge based on specific mathematical and computer solutions (Figure 1). Data
analysis using the method based on fuzzy logic allows for taking into account the ambiguity, vagueness, and
uncertainty characteristic of empirical data relating to different expert opinions on emerging technologies. In
particular, the Sugeno-type model was used as the fuzzy inference system.

The process begins with current input crisp variables, which represent measurable indicators relevant to
societal outcomes. These inputs undergo data preparation for fuzzy inference, where they are transformed
into fuzzy numbers through a fuzzification process. Using fuzzy if-then rules, the inference engine evaluates
these fuzzy values against expert-defined logical conditions that model the relationships among social factors.
The resulting fuzzy outputs are then translated back into interpretable, actionable figures through
defuzzification, a process of converting to crisp values. These outputs represent the assessed impact in a form
suitable for reporting or policy guidance. The final step, ongoing analysis and assessment of the social impact
of research, involves interpreting these results in context and using them to inform strategy or resource
allocation. A feedback loop links this final stage back to the beginning, enabling the refinement of rules and
input variables based on observed outcomes, thus enhancing the relevance and accuracy of future
assessments. This cyclical process supports dynamic, evidence-based evaluation in the social sciences.

The model implementation was performed using the fuzzy logic toolbox from MATLAB Software, which
implemented the Sugeno knowledge base in accordance with available best practices (Sivanandam et al.,
2007). The use of proven mathematical and computer tools based on fuzzy logic when designing a formalized
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form of the model creates conditions for further development of methodological research relating to
subsequent implementations and further improvement of the proposed solutions.

The problem of assessing social impact is largely heuristic in nature because the processed empirical data
originates from, e.g., experts who make decisions based on personal experiences reflecting subjective hidden
knowledge. Knowledge gathered in the knowledge base is created mainly as a result of its discovery from
empirical data in the learning process. Knowledge is saved in the base in the form of fuzzy if-then rules and is
continuously updated thanks to the use of a feedback loop. The experimental implementation of the model
and the obtained preliminary results from its examination confirmed the practical usefulness of the proposed
solution.

5. Conclusions

As part of the research synthetically presented in this paper, a model based on the Sugeno-type fuzzy
inference system was developed, which is used to support the analysis and assessment of the societal impact
of academic research. Theoretical considerations were enriched with a proposal for experimental
implementation and application of the model. The conducted research aimed to find an answer to the
research question regarding the possibility and validity of using fuzzy logic models in this field. The use of a
systemic approach facilitated the interdisciplinary theoretical analysis of the model, as well as the
demonstration of its practical usefulness during empirical experiments.

Advances in artificial intelligence and machine learning may influence the development of further
methodological research in this field. In future processes for improving the proposed model, it is worth
examining other available information technology solutions, developing subsequent models toward integrated
solutions that are characterized by the desired features of dynamic, holistic systems, and to a greater extent,
taking into account diverse groups of stakeholders. These considerations require an approach enriched with
various types of feedback, so that the developed model not only provides correct analysis results but is also a
source of recommendations facilitating the taking of actions improving the societal impact of academic
research.
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