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by Panagiotis Perivolaris® and Vassilis Stylianakis™

HEIs’ digital transformation is revealing a variety of new
opportunities for improving not only their current online teaching practices
but also their overall business operations. The processing of data can be
further expanded using a range of advanced techniques, as is the case of
cognitive tree maps, fuzzy networks, or even evolutionary algorithms, to
examine and explain how the behaviour of a complex system, such as an
HEI is affected by the multiple conditions changing over time. The design
of such a tool and the development of an optimization system that can
determine ideal values for these aspects are covered in the proposal. The
present work introduces a tool for the evaluation of the HEI Quality of
Service factor (HEI-QoS), using a Fuzzy Cognitive Map designed for a
specific purpose. The FCM model uses eight concepts which characterize
the HEI operation and performance, taking into consideration the most well-
known HEI rankling tools. Concepts values can be estimated from a field
research analysis inside the HEI resulting in a very useful internal
evaluation tool for a HEL

: Optimization, Fuzzy Logic, Fuzzy Cognitive Maps, Decision
Making
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: La trasformazione digitale degli IIS sta rivelando una serie di
nuove opportunita per migliorare non solo le loro attuali pratiche di
insegnamento online, ma anche le loro operazioni aziendali globali.
L’elaborazione dei dati puo essere ulteriormente ampliata utilizzando una
serie di tecniche avanzate, come nel caso delle mappe cognitive ad albero,
delle reti fuzzy o anche degli algoritmi evolutivi, per esaminare e spiegare
come il comportamento di un sistema complesso, come un IIS, sia
influenzato dalle molteplici condizioni che cambiano nel tempo. Il design di
tale strumento e lo sviluppo di un sistema di ottimizzazione in grado di
determinare i valori ideali per questi aspetti sono oggetto della presente
proposta. Il seguente lavoro introduce uno strumento per la valutazione del
fattore HEI Quality of Service (HEI-QoS), utilizzando una Fuzzy Cognitive
Map progettata per lo scopo specifico. Il modello FCM utilizza otto concetti
che caratterizzano il funzionamento e le prestazioni dell’HEI, prendendo in
considerazione i piu noti strumenti di rankling dell’HEI I valori dei concetti
possono essere stimati da un’analisi di ricerca sul campo all’interno
dell’llS, risultando in uno strumento di valutazione interna molto utile per
un IIS.

: Ottimizzazione, Logica Fuzzy, Mappe Cognitive Fuzzy,
Processo Decisionale

Introduction

According to the European Union Digital Education Action
Plan (2021-2027) (European Commission), digitalization of the
Higher Education Institutions (HEI) emerges as a major priority.
Implementation of new technologies will lead to modern and more
efficient teaching and learning methods. Also, will have a great
effect on institutions’ overall operations such as administrative and
management.

Students’ learning is the most important HEI operation
and, therefore, should be highly monitored. The quality of the
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courses provided constitutes the greater factor of institution
quality along with the overall knowledge and skills provided to
graduates to be used in their future careers. Furthermore, HEIs
should provide an environment and overall services to teachers,
administrative staff and students. University facilities include
student’s dormitory, sports hall, library, etc. Laboratories,
equipment, and amphitheatres are also very important regarding
learning services. Administrative effectiveness and teachers’
support to students should also be considered in the HEI
evaluation of services.

Improving the Quality of Service (QoS) in universities has
constantly been an important topic of research and discussion,
driven by the need to enhance the educational experience for
students, streamline administrative processes, and ensure efficient
resource allocation. Some areas of current work and research
activities related to QoS in universities include: Online and
distance education, boosted by the COVID-19 epidemic and
focused on improving the overall quality of service for online
learning environments, providing reliable internet connections, and
optimizing QoS for virtual classrooms; student Satisfaction and
Engagement, as key indicators of QoS, exploring strategies to
measure and improve these aspects, such as analyzing student
feedback, implementing innovative teaching methods, and
enhancing student support services; Administrative Efficiency,
essential for improving QoS in universities, investigating the use of
technology, automation, and data analytics to simplify tasks
related to admissions, registration, financial aid, and other
administrative functions; resource allocation, whereby efficient
resource allocation is crucial for maintaining high QoS and
researchers are developing models and algorithms to optimize the
allocation of financial, human, and infrastructure resources to
support teaching, research, and administrative activities; Quality
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Assurance and Accreditation, ensuring the quality of academic
programs and adherence to accreditation standards, with research
involving the development of assessment frameworks, tools, and
methodologies to evaluate and maintain the quality of educational
offerings; Technological Infrastructure, the wupgrading and
maintaining of which is essential for QoS, with areas to investigate
including the implementation of high-speed internet, advanced
learning management systems, and cybersecurity measures to
support teaching and research activities; pedagogical innovation,
because innovative teaching methods and curriculum design can
significantly impact QoS. In the latter case, researchers may focus
on pedagogical innovations, including blended learning, flipped
classrooms, and active learning strategies (ECOLHE Project, 2023),
(Jacek Pietrucha, 2018), (Adina-Petruta Pavel, 2015), (Moed, H.F.,
2017).

Nowadays, as artificial intelligence is beginning to become
implemented in ever-increasing areas of our everyday actions,
Fuzzy Cognitive Maps (FCMs) have emerged as mathematical
models used to represent and analyze complex systems. They
blend fuzzy logic with cognitive mapping, enabling the depiction of
intricate relationships between variables (Glykas, 2010), (Aguilar,
2005). The work uses Fuzzy Cognitive Maps (FCM) in overall HEI
Quality of Service (QoS). For that purpose, an FCM model was built
using FCM Expert Software (Napoles et al., 2018) depicting factors
influencing HEI operation. FCM depicts the correlation and
influence between them, resulting in a general QoS that institutes
provide. FCMs are very helpful in modelling systems characterized
by ambiguity among their variables. Regarding university services,
there is a difference in how everyone perceives the services
provided. The views and the resulting opinions, or, effectively, the
perceived Quality of Service by the various stakeholders, can
depend on factors such as the role played by each stakeholder, i.e.,
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whether the stakeholder is a student, a tutor or a member of the
administrative personnel; the level of funding an institution
receives; the location of the institution, which can influence
everyday life of the stakeholders; the quality of the teaching
material, including labs, classrooms and libraries, physical or
electronic ones. All these factors also interact with one another,
making the model outlining their interactions complex. This
challenge seems very suitable for the application of the concept of
Fuzzy Cognitive Maps.

The advantages of applying Fuzzy Cognitive Maps in
complex and evolving systems can be further and continuously
expanded, leveraging the evolution of computer and software
capabilities. FCMs can be used in multi-criteria decision-making
scenarios inherent in QoS management. Fuzzy Cognitive Maps, in
this area, are instrumental in developing methods to incorporate
user preferences and priorities into the decision-making process.
The development of FCM-based strategies to improve QoS, includes
resource allocation algorithms, load balancing techniques, and
fault tolerance mechanisms based on FCM predictions.

Future advances in Artificial Intelligence can be applied to
promote the elaboration of the weights of the concepts, improving,
or overtaking, the role of experts’ opinions, by means of methods
and algorithms in the field of Genetic Algorithms, Neuron Networks
or Deep Learning, among others (Papageorgiou, 2014), (Jetter e
Kok, 2014), (Stach et al., 2005, 2007, 2010).

The Present work introduces an HEI-QoS factor that
measures overall university performance and can be used as an
internal evaluation tool regarding HEI operations. A Fuzzy
Cognitive Map (FCM) model is designed and tested through
different scenarios for that purpose. FCM is composed of eight
concepts depicting different fields which affect HEI operation, such
as funding, professors’ effectiveness, state of institution facilities
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both  educational and  cultural, laboratory equipment,
administrative staff effectiveness, HEI location and HEI funding.
The combination of all these concepts and their relations
forms the FCM model, leading to the output of a HEI-QoS scaled in
three levels of operation, i.e., Low, Medium and High. The above
concepts’ values can be measured through internal HEI field
research throughout all personnel involved in everyday operations,
academic and administrative staff, students, and external
stakeholders. Since each part perceives each concept differently,
Fuzzy logic is a perfect fit to depict values regarding each concept.
The rest of this work is organized as follows: Section II
presents the related work on this topic, showing promising
applications in various fields of interest. After this, section III
briefly reviews FCM theory and presents the arguments for using a
tool to apply in the field of Higher Education. The formulation of
the Model is depicted in section IV, along with the detailed factors
and their interactions, where each concept is explained
analytically. This is followed by simulation results and analysis in
section V, where the results are presented and analyzed along with
the system’s sensitivity to any changes in the original hypotheses.
Finally, the conclusions are given along with suggestions about the
future possibilities of hybrid models based on this original idea
and the prospects of applying them in even more complex cases.

1. Related Work

Though Fuzzy Logic and Fuzzy Cognitive Maps are used
extensively in applied sciences and engineering (Papageorgiou,
2014), their use in estimating an overall HEI QoS has not been so
well studied so far.

160



)

Factors that influence  undergraduate students
participation in Malaysia are explored (Mustapha et al., 2010)
through a case study. The research includes 25 undergraduate
students following communication courses. Analysis reveals four
factors of influence. The first one is positive lecture traits, followed
by positive classroom traits. Engaging class content and conducive
physical settings ranked third and four,th respectively. On the
other hand, negative classmate traits, lecturer traits, and student
traits, followed by non-conducive physical settings and
uninteresting and difficult class content, are factors that
discourage students from participating. These factors characterize
an overall student’s behavior, which constitutes a parameter in the
FCM model of this work.

An FCM of Learning Management Systems (LMS) users
quality of interaction in HE blended-learning environments is
presented in Sofia Balula Dias et al. (2014). Researchers introduce
an FCM-Qol (Quality of Interaction) model, which can provide
concepts of interconnection and casual dependencies
representation, revealing perspectives at the micro and macro
analysis level. Professors’ and students’ Qol are estimated when
both interact with LMS in blended-learning environments. Model
implementation results can assist teaching staff and decision-
makers of HEIs in understanding stakeholders’ needs within the
teaching and learning practices.

A sustainable supply chain management Framework in an
HE laboratory is introduced (Purnomo et.al, 2020). An extensive
literature overview regarding FCM and their applications for use in
future studies is presented (Jetter e Kok, 2014). The authors,
besides a theoretical framework presentation of FCM modelling,
offer numerous uses in engineering, risk assessment, medicine
and environmental sciences, the prediction of outcomes such as
revenue and cost, environmental sciences and many other fields.

’
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According to (Purnomo et al., 2020), “when they were originally
invented, FCM were intended to make complex political, economic,
or social problems”. Taking that aspect, the present work applies
FCM in HEIs QoS, another field of research. Note that an HEI is a
community itself, so interactions between stakeholders from inside
and outside affect the institution’s operation during periods.

2. Fuzzy cognitive maps

A model based on FCM is designed by building a model of
the system involving boxes and connections. The boxes are usually
called ‘factors’ or ‘concepts’ and represent anything that can be
expressed as a variable but does not have to be quantifiable or
related to data, meaning it can capture knowledge without
involving mnecessarily empirical data. Arrows represent the
connections and are usually referred to as edges. Edges are used
to represent causal links between factors showing direct casual
interaction. This way, the propagation of interactions or influences
through a system is explored by the Fuzzy cognitive-based system
(Barbrook-Johnson, Penn, 2002).

The construction of FCM maps is accomplished in three
basic stages (Papageorgiou, 2014).

1) The list of factors: In the first stage, a list of factors that may
be described as variables and so be included in the map is
compiled. This serves as the system’s definition. The factors
can be abstracted, but they normally need to possess some
level of comparability in their abstraction or be simplified, for
that matter, to some extent that allows for comparison. They
are frequently based on experts’ opinions and are usually few
to preserve the simplicity of the following stage.
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2) The design of the map and its precise connections. The
connections between the elements are defined at this stage,
together with details such as the value of the edge weight, the
direction the arrows should take, and whether they should be
positive or negative (i.e., growing or decreasing). It should be
noted that a positive connection means that factors move
together, whereas a negative connection means that they
move inversely. Factors do not exhibit positive or negative
effects, contrary to what can be mistakenly believed based on
day-to-day experience.

3) Analyses performed and their interpretation. The elaborated
analysis is carried out using the static map, whose factor
values and edge values have been established. The experts
and stakeholders evaluate the findings once more so that
they can assess them considering their mental models of
causal structure and challenge, affirm, or modify their
assumptions about the structure under investigation. This
kind of FCM analysis results in an extrapolation or summary
of the causal reasoning present in the map. The results of
this reflection can be wused to initiate changes and
improvements to the original values.

The title refers to Bart Kosko who through his work (Kosko,
1986) 1986 introduced FCM as “..fuzzy-graph structures for
representing causal reasoning”. Kosko extends cognitive maps
(Axelrod, 1976), creating a way of modelling systems which are
affected by a series of factors (concepts) during the time. Concept
interaction from one concept to another is depicted through direct
links, which can be positive or negative. Links present the relation
between the concepts, and each one has a value that depicts the
strength of the relation among them.

Bart Kosko (1993) depicts the structural similarity of FCMs
to neural networks. Neurons can take values of either 1 (on) or O

163



(off). Unlike them, concepts can take values between [0,1] or [-1,1]
depicting the fuzziness of the system. The activation of a concept
affects other concepts that are affected by it positively or
negatively. The triggering propagates throughout the network until
it reaches a steady state. The adjacency matrix mathematically
represents the effect between concepts. Furthermore, a concept
can be a decision node or an output for measuring the level of a
value. A simple FCM system is depicted with FCM Expert Software
(Napoles et al.,, 2018) in Figure 1 followed by the adjustment
matrix of Table 1.

Figure 1: A simple FCM model

Table 1: Adjustment Matrix of Fig.1 FCM model

Cl1 C2 (C3 C(C4
c1 0 Wi Wi3 0
L2 0 0 W33  Woy

C3 w3 wiz 0 wsy
c4 0 0 0 0
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In the example of Figure 1 node C4 all links flow in and
therefore is called receiver casualty. If all links are flowing out of a
node the concept is called the driver concept. All the other nodes
are called ordinary concepts. (Cl, C2, and C3 are ordinary
concepts in Figure 1). A complex map can include a very large
number of concepts, and in that case, the adjustment matrix takes
its general form in Table 2 below.

Table 2- Adjustment Matrix General Form

1 Ci
Cl 0 - wy
Ci wy - 0

Each concept of the model can be activated through a triggering
function. The most common functions used for triggering are
Bivalent, Trivalent, Hyperbolic, Saturation and Sigmoid. The
mathematical representation of an FCM is given in Equation 1.

N
A+ =F| 4.0 + A k) -wy; (1)

Where: A;(k), A;(k + 1) are the values of concept A; in time k
and k+1 respectively and A;is the cause node. Note that the value in
time k+1 is calculated by the sum of the previous value of A_i with
the sum product of the value A_j of the cause nodes and links
weights.

A wuseful example for understanding FCM usage in
engineering is given in Papageorgiou Elpiniki et al. (2003). A
chemical process problem is given, and a process control system
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adjusts parameters with the use of FCM leading to the desired
system state.

Fuzzy Cognitive Maps are used in other fields of research as
well. Re-approaching fuzzy cognitive maps to increase the
knowledge of a system is explored in (Mpelogianni e Groumpos,
2018) providing very useful results regarding complex systems. Zero
energy buildings modelling using new equations and FCM developed
in (Vergini e Groumpos, 2018). Another topic of FCM usage is in
health science regarding disease detection (Apostolopoulos et.al,
2021) and Parkinson (Groumpos e Anninou, 2012).

3. Model Formulation

Present work introduces Fuzzy Cognitive Mapping in the
estimation of a HEI-Quality of Services (HEI-QoS) indicator. HEI
quality is a very important factor as it depicts its overall recognition
and reputation of HEI throughout the Higher Education community
worldwide.

The nature of software solutions, with their accounting and
logistical precision, flexibility, and ongoing technical advancement,
provides choices for the monitoring of different success indices in
both quantitative and qualitative measures. Measures used might
be both objective and subjective indexes. The amount of
participation, the subsequent dropout rate, the level of student
involvement, and the various degrees of text success are some
objective metrics. Subjective measures could include teachers’,
students’, or administrative staff’s satisfaction.

These could be assessed at many levels of abstraction,
starting at the university level and descending in depth to specific
schools, departments, classes, lessons, and even individual tests or
sections of the course material. Because digital operations are
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automated, it is possible to utilise online questionnaires to
continuously track the patterns of these satisfaction indexes,
providing useful information to all stakeholders. These metrics may
include the volume of transactions and the duration of operations in
the administrative field and day-to-day operations. These metrics
can be cross-correlated with other variables and used to draw
illuminating conclusions when presented as curves and time series.
Several concepts are taken into consideration forming the
overall quality of a university. These concepts and the relations
among them are extracted from experts. The present work uses the
8 most valuable parameters and forms an FCM to produce an
overall QoS measurement regarding HEI performance. These
concepts were based on the QS World University Rankings
(QSWUR), Times Higher Education World University Rankings
(THEWUR), and the Academic Ranking of World Universities
(ARWU), generally considered dependable University evaluation
methods.
According to Jacek Pietrucha (2018) and Adina-Petruta
Pavel (2015), ARWU is based on the quality of education, the quality
of faculty, the research output and academic performance. These
criteria can be composed according to the following concepts of an
FCM model:
1. Quality of Education: Learning Facilities, Professors
Effectiveness, Laboratories Equipment.
2. Quality of Faculty: Learning Facilities, Laboratories
Equipment, and Cultural Facilities.
3. Research Output: Learning Facilities, Professors Effectiveness,
Laboratories Equipment, and Students Performance.
4. Academic Performance: Professors’ Effectiveness, Students’
Performance and Administrative Services.
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The second-ranking method, THEWUR, uses a different approach
(Moed, 2017) and takes into consideration 13 performance
indicators which cover 5 key areas:

1.

2.
3.

Teaching: Learning Facilities, Professors Effectiveness,
Laboratories Equipment.

Citations: Professors Effectiveness.

Research: Learning Facilities, Professors Effectiveness,
Laboratories Equipment, and Students Performance.

. International = outlook: Learning Facilities, Professors

Effectiveness, Laboratories Equipment and HEI Location.

. Industry income - innovation: Funding, Professors

Effectiveness, Laboratories Equipment, and Students
Performance.

The third, QSWUR, uses six indicators (Estrada and Cantu,2022)
and this work uses the four being of the biggest importance:

1.

2.

3.

4.

Academic Reputation: Learning Facilities, Professors
Effectiveness, Laboratories Equipment, Cultural Facilities, HEI
Location.

Employer reputation: Professors Effectiveness and
Administrative Services.
Faculty/student Ratio: Professors Effectiveness and

Administrative Services.
Citations per faculty: Professors Effectiveness.

Based on the consideration of these criteria, the concepts used in
the design of FCM model cover the above indicators of the most
used ranking methods. The concepts which form the FCM are:

3.1 CI1: Funding

Funding is the most critical resource for the operation in

every organization and HEIs could not be an exception to that rule.
Adequate funding is essential for facility upgrades and proper
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maintenance, staff payrolls, university operational costs, research
resources and staff involvement, laboratory equipment and many
others. Funding could come from Government decisions and
legislation, internal resources utilization, students’ enrollments,
donations etc. Current work combines all these parameters into one
general concept called Funding. Note that in the proposed model,
research constitutes a driver concept of the map. It affects all the
other concepts of the map except students’ attitude (C7) and
location (C8). That is a very logical hypothesis because the bigger
the revenue, the better the facilities, and the laboratories, professors
and staff performance will be.

Thus, funding being the most influential factor is attributed
to the greatest values regarding the weights of concepts’ connection.
It doesn’t contribute to the overall HEI-QoS but affects the above
factors which are vital in university operations. Experts’ opinions
conclude that funds mostly interacted with factors C2 and C3
(learning and cultural facilities) with values of 0.77 and 0.62
respectively and also with C5 (professors’ effectiveness) with a
weight value of 0.56. Administrative staff also is correlated with a
weight value of 0.31.

3.2 C2: Learning Facilities

Adequate infrastructure, including modern classrooms,
laboratories, libraries, and IT resources, contributes to a positive
learning environment.

The learning facilities concept depicts the number and
condition of buildings, amphitheatres, laboratories, and libraries
that an HEI can provide to its academic staff. Having a large
number of learning facilities will increase professors and
administrative effectiveness and also will characterise the University
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QoS provided. On the other hand, if their state is poor, the factor
will be negative, regarding the correlated casualties.

Learning facilities are a very important factor including
laboratories and are correlated with professors’ effectiveness and
students’ performance with weights of 0.43 and 0.59 respectively.
According to the experts’ opinions, learning facilities should be
involved in evaluating the overall HEI-QoS being attributed a 0.48
value.

3.3 C3: Cultural Facilities

An HEI should be capable of providing cultural facilities as
well. These include dorm and sports facilities, museums, cultural
and conference centres, worship places etc. Cultural facilities affect
academic staff and students’ attitudes, as well as the overall HEI-
QoS. In fact, the latter can be affected not only by funding but from
administration staff, too. Administrative services will lead to a high-
quality usage of cultural facilities that an HEI can provide.

Cultural facilities according to experts are affecting
students’ performance with a weight of 0.51 and are involved in the
evaluation of the overall HEI-QoS being attributed a 0.37 value.

3.4 C4: Administrative Services

Quality of administration is very important in an HEI
operation. Learning facilities state will affect services provided
because the better the facilities are the better will be the
environment and the tools that staff will use in order to fulfil its
purpose. The administration will affect professors’ work, but
professors affect the administration too. For example, the more
research projects a teacher manages the more administrative
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services will need. The administration also characterises the HEI-
QoS itself.

The administrative staff is correlated with professors’
effectiveness with a weight of 0.30 and is involved in the evaluation
of the overall HEI-QoS being attributed a 0.31 value.

3.5 C5: Professors Effectiveness

Professors are the backbone of an HEI. Universities’ main
goal is the production and diffusion of knowledge. Professors are the
means for achieving these goals. That concept includes research
work, teaching skills and professors’ recognition. Poor rating of
effectiveness means poor learning outcomes for students, low
research quality and overall low-quality HEI and for that reason has
the greater weight in HEI-QoS. That concept is correlated with
administrative staff and students’ attitudes in both directions, with
facilities provided and the state of laboratories.

According to experts’ opinions professors’ effectiveness is
correlated with administrative staff services, laboratory equipment
and students’ performance with 0.10, 0.35, and 0.45 weights
respectively, but not with the remaining factors. The professors’
concept is involved in evaluating the overall HEI-QoS being
attributed a 0.65 value.

3.6 C6: Laboratories Equipment

Laboratories are equivalent to factories regarding the
production of knowledge. For that reason, should be very well
equipped and have research staff of high quality. Funding and
learning facilities are correlated with that concept together with
professors’ effectiveness and students’ attitudes in both directions.
A good professor needs a good laboratory which affects the students’
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attitude, while, at the same time, a good laboratory needs a good
professor who can benefit to the maximum from its equipment and
facilities resulting in a positive effect on students’ attitude.

Laboratories equipment is directly correlated with
professors’ effectiveness and students’ performance with weights
0.63 and 0.44 respectively, while it does not affect the values of the
other concepts, according to the expert’s opinion. It doesn’t
contribute to the overall HEI-QoS but affects the above factors
which are vital in university operations.

3.7 C7: Students’ performance

Students’ attitude regarding their overall performance is a
concept that includes success in exams, participation in classes, the
dropout rate of courses, or the students’ wellbeing, their behaviour
towards their colleagues and their teachers. Good professors affect
their students positively and vice versa. Facilities condition is also
correlated with attitude of students. The location of the university
may play a minor role too.

Students’ performance is highly correlated with
administrative staff and of course with professors’ concept with
weights 0.12 and 0.53 respectively. Students’ performance is
involved in evaluating the overall HEI-QoS being attributed a 0.08
value.

3.8 C8: HEI Location

The geographical location of a university affects the quality
of life for students and their access to internships, networking
opportunities, and cultural experiences.

The location of the university may affect in a minor way
students’ attitudes and the overall HEI-QoS. That’s because in most

172



cases HEIs which are far away from big cities and access to them is
difficult (poor transportation for example) attract fewer students and
academic staff.

University location according to experts is not a very
important concept but is highly correlated with students’
performance with a weight of 0.17. That is explained because the
more attractive the place is, the more students feel comfortable
living there and studying.

According to the experts’ opinion, it is not heavily correlated with
the other factors involved in our model. The location concept is
involved in the evaluation of the overall HEI-QoS being attributed a
0.08 value.

3.9 HEI-QoS (output)

The final concept forms the output node of the model. It affected
teaching and administrative staff, facilities and laboratory
conditions and in a minor way from the location of the HEI. HEI-
QoS is affected by the concepts C2, C3, C4, C5, C7 and CS8. Both C1
(funding) and C6 (laboratory equipment) are not directly correlated
with HEI-QoS output but affect other concepts indirectly. The FCM
model for HEI-QoS estimation is depicted in Fig 2. The model was
constructed and analyzed with FCM expert software (Napoles G
et.al, 2018). The adjustment matrix of the model is given in Table 3.
The weights of each concept correlation were calculated by experts.
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Figure 2: FCM model for a HEI-QoS estimation

Table 3: Adjustment matrix of the model
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i 0 0 0 0 0 0 051 0 037
4 0 0 0 0 0,3 0 0 0 03l
5 0 0 0 0,1 0 035 045 0 0,65

6 0 0 0 0 063 0 044 0 0
C7 | 0 0 012 053 0 0 0 041
s 0 0 0 0 0 0o 017 0 0,08

0 0 0 0 0 0 0 0 0

9




For concepts triggering the hyperbolic function is selected.
The mathematical formula is given in Equation 2.

ex —1

po. =y (2)

fl;.r:' =

The range of x is [-3,3] and represents the interval
regarding the state of evaluation for each concept. Correlation
between concepts could be positive or negative and multiplied by
the weight factor can increase or reduce the affected concept. For
that reason, the hyperbolic function is suitable because it takes
values between [-1,1]. Negative values arise from the low rating
concept and positive values from the high rating concept. In Figure
3 the hyperbolic function diagram is depicted.

Figure 3: Hyperbolic function curve
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For the decision function the Sigmoid curve (Equation 3
and Figure 4) is selected. Sigmoid function can take values into the
interval [0, 1] for a given output value of HEI-QoS concept.

1

foo = {3 o= (3)

Figure 4: Sigmoid function curve
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Three areas regarding HEI-QoS are defined:

Low QoS  :0.00 = Cs < 0.20
Medium QoS : 0.20 < Cy < 0.80
HighQoS :0.80=(Cs= 1.00
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The evaluation limits together with the sigmoid curve are
depicted in Figure 5.

Figure 5: Areas of HEI-QoS
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Implementing the FCM model the current state of HEI-QoS
can be retrieved according to each parameter (concept) evaluation.
The results of model implementation are analysed in the following
section.

4. Results

For the implementation of the model four main scenarios
were selected resulting in three different HEI evaluations of QoS.
For each scenario an Input Vector (IV) which represents the
concepts’ original evaluation taken as an input. After those
changes in some of the original concept’s values are made
resulting in different HEI-QoS ratings. For the analysis, FCM
Expert Software (Napoles et al., 2018) is used.
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4.1 Scenario 1

A low-funding case was selected for the first scenario. That
is depicted by a zero (0.00) and a negative (-0.50) qualification for
concept C1 (Funding). All the other concepts are moderate except
CS (Professor Effectiveness) which is slightly greater (0.40).

The analysis concludes with a high rate of HEI-QoS.
Keeping the value of C1 zero and reducing CS5 to a negative value (-
0.40), resulting in a medium HEI-QoS rate depicting the
importance of professors’ effectiveness. On the other hand,
reducing CS5 further (-1.00) and reducing C1 as well (-0.50) leads to
a Low HEI-QoS depicting the importance of both concepts
(professors and funding) in university operations.

The convergence visualisation of analysis for these cases
along with their input vectors are depicted in Figures 6 to 8. Table
4 presents all the scenario 1 analysis results.

Figure 6: The first convergence visualization of scenario 1 with IV = [0.0, 0.2, 0.2,
0.1, 0.40, 0.1, 0.2, 0.05]

Convergence visusizaton
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Figure 7: The second convergence visualization of scenario 1 with IV = [0.0, 0.2, 0.2,
0.1, -0.40, 0.1, 0.2, 0.05]
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Figure 8: The third convergence visualisation of scenario 1 with IV = [-0.5, 0.2, 0.2,
0.1, -1, 0.1, 0.2, 0.05]

visualzation
040

038
030
025
o020
015
LELERY
008 %
oo
-0.08
a1
a8
-1.20

-108
000 025 050 075 100 125 1850 175 200 225 260 275 300 335 350 375 400 435 450 475 500 525 550 575 600 625

—_——T c3 C4 — C5 cs CF — C8 — 8

179



Table 4: Scenario 1 results

cI € ¢ ¢4 ¢ ¢ 7 8 HEFQoS
S1 | 000 020 020 010 040 010 020 005  High
$2 | 000 020 020 010 -0,40 010 020 005 Medium
§3 | -0,50 020 020 0,10 -1,00 0,10 020 0,05 Low

4.2 Scenario 2

For the second scenario a high professor’s effectiveness
was selected, with low ratings in C2, C3 and C8 concepts and the
funding as a variable. The first case explores the high performance
of professors, laboratories and students’ effectiveness and a rather
moderate, but positive administrative performance. The analysis
resulted in a high HEI-QoS revealing that proper funding could
lead eventually to facility upgrades.

The reduction of funding to a negative value (-0.50) keeping
all the other concepts the same leads to a low HEI-QoS
representing the importance of funding for the evolution and
proper operation of HEIs. Without funds, there were no upgrades
to facilities leading to the reduction of the other concepts’ effect
resulting in a low rating HEI.

On the other hand, the reduction of professors’
effectiveness to a negative rate of -1 along with moderate funding,
keeping all the other concepts the same leads to a medium HEI-
QoS. That reveals once again the importance of teaching staff and
funding in an HEI operation and reputation. All the results of the
analysis are given in Table 5. The convergence visualization of
analysis for these cases along with their input vectors are depicted
in Figures 9 to 11.
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Table 5: Scenario 2 results

Cl 2 C3 4 5 co C7 C8 HEI-QoS

ST | 08 -130 -200 035 200 080 060 -1,30  High
§2 | -050 -1,00 2,00 030 200 080 060 -130  Low
$3 | 000 -1,00 -200 030 -1,00 080 060 -130 Medium

Figure 9: The first convergence visualization of scenario 2 with IV = [0.8, -1, 3,
-2, 0.35, 2, 0.8, 0.6, -1.3]

Convergence visuaization
121
1.0
09
08 4

0.00 0.25 050 0.75 1.00 1.25 150 178 2.00 225 250 275 3.00 325 350 305, 4.00
— | — 02 c3 Cc4 — C5 C& Cc7 — C8 — C8

181



Figure 10: The second convergence visualization of scenario 2 with IV = [-1.5, -1.3,
-2, 0.35, 2, 0.8, 0.6, -1.3]
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Figure 11: The third convergence visualization of scenario 2 with IV = [-0.0, -1.0,
-2, 0.30, -1, 0.8, 0.6, -1]
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4.3 Scenario 3

Regarding scenario 3, a very low funding qualification was
selected (-3.00) for a university with high location rating (2.00).
Also, negative ratings for professors and students’ performance
along with the administrative staff were included. The results led
to a low HEI-QoS as was expected, revealing the minor importance
of the location.

Increasing professors’ concept to an evaluation of 1.00
leads to a medium HEI-QoS, revealing once again the importance
of teaching and research in a HEI qualification. Even with very
poor funding if teaching staff produce high-quality work that could
lift the HEI rating.

For the third case of scenario 3 a further increment of
professors’ concept to 3.00. The analysis leads to a medium-quality
HEI, depicting the importance of funding in HEI operations. All the
results of the analysis are given in Table 6. The convergence
visualisation of analysis for these cases along with their input
vectors are depicted in Figures 12 to 14.

Table 6: Scenario 3 results
1 2 3 4 (] C6 ¢7 (8 HEIQoS
81 -300 020 0,10 -100 000 020 -040 2,00 Low
82 | -300 020 0,10 -100 1,00 020 -040 200  Medium
83 -3,00 020 0,10 -1,00 300 020 -040 200  Medium
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Figure 14: The third convergence visualisation of scenario 3 with IV = [-3, 0.2, 0.1, -
1,3,0.2,-0.4, 2]
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4.4 Scenario 4

Finally, scenario 4, investigate the impact of university
learning and cultural facilities. For that purpose, a moderate C1
rating was selected (0.00) keeping professors’ effectiveness and
laboratory equipment at a high level of 1.00. Administrative and
students’ performance are both above zero ratings (0.50) and the
university location is rather moderate (0.80). The three cases of the
fourth scenario are depicted in Table 7. The convergence
visualisation of analysis for these cases along with their input
vectors are depicted in Figures 15 to 17.
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Table 7: Scenario 3 results
Cl 2 3 4 C5 C6 Cc7 8 HEI-QoS

81 | 0,00 -120 -1,20 0,50 1,00 1,00 0,50 0,80 High
§2 0,00 -300 -300 05 1,00 1,00 050 080 Medium
§3 | 0,00 -3,00 -3,00 05 0,00 1,00 050 0,80 Low

Analysis results lead to a High HEI-QoS even with rather
low rating facilities if professors and laboratory equipment are in
high evaluation ratings.

Reducing facilities concept rating further to -3 (both for
learning and cultural) keeping all other ratings unchanged
resulting in a medium rate HEI-QoS. Notice that the professor’s
high rate is very important for the overall HEI operation.

Keeping all concept ratings, the same as case 2 (S2) and
reducing professors’ effectiveness to 0.00 (a moderate rating)
resulted in a low HEI-QoS which confirms all the previous analyses
regarding teaching staff importance in Higher Education.

Figure 15: The first convergence visualisation of scenario 4 with IV = [0.0, -1.2,
-1.20, 0.5, 1.0, 1.0, 0.50, 0.80]
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Figure 16: The second convergence visualisation of scenario 4 with IV = [0.0, -3.0,
-3.0, 0.5, 1.0, 1.0, 0.50, 0.80]
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Figure 17: The third convergence visualisation of scenario 4 with IV = [0.0, -3,
-3, 0.5, 0.0, 1, 0.50, 0.80]
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5. Conclusions

FCMs offer a valuable approach to understanding complex
systems by capturing the interplay between variables. Their
applications continue to expand, making them an indispensable
tool for decision-makers. The modelling of systems based on their
concepts can take on any level of detail, mirroring the numerous
interactions between the various factors into play.

This paper presents a novel approach to a systematic and
effective analysis and evaluation of the QoS of a complex system,
such as a university, employing an FCM model to estimate a
Quality-of-Service factor regarding HEI evaluation. Using the
technique of Fuzzy Cognitive Maps, an outline of the importance
and the interactions between various factors affecting the
institutions’ QoS was designed and then used to estimate its
effectiveness. The analysis of the results revealed the importance of
Professors in HEI operations. As expected, the effectiveness of
teaching and research operations is strictly combined with
adequate funding, laboratory equipment and university facilities.
HEI location affects QoS in a minor way although it might play a
part in the selection of HEI by the students for their studies.

The application of the model confirms its validity, offering
results, such that the optimised values can then be used as
benchmarks by the HEIs’ policymakers. The values used, formed
by realistic assumptions based on experts’ opinions, provided
results that hint at the possibilities offered by this approach. High-
quality HEIs are characterised by good Professors and facilities
combined with adequate funding. On the other hand, moderate
funding combined with high-level facilities and teaching staff leads
to a medium-level HEI evaluation. All cases with low Professor
ratings result in a low-level HEI even with sufficient institute
funding. Note that a very low funding rating combined with high-
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level teaching performance leads to a medium rating HEI,
reaffirming the importance of professors’ role in HEI operations.

An analysis of the sensibility of the model to variations of
the values used confirmed that these can be further elaborated
and optimised by using tools from Artificial Intelligence and
Optimization Theory such as Learning Algorithms, Genetic
Algorithms, and Neural Networks, among others. Based on well-
processed data, the concept can form a valuable tool for the
improvement of Universities’ operations and the degree of
satisfaction of stakeholders involved. Future work should thus
build on the promise for FCMs with emerging hybrid models and
increased data availability. Research should focus on robustness
and scalability.
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