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1 Relevance of the research and the structure of the dissertation

The management of risks permeates all areas of our lives, from the health issues of our private
lives to the risks of supply chains (Pfohl, 2002), to the risks of today's circular economies
(Yazdani et.al., 2021, Pellegrino, 2025).

A common feature can definitely be discovered in various risks: we want to protect ourselves
(or our organization) from unwanted effects, or if the problem has already occurred, to take
possible countermeasures. To do this, it is necessary to be aware of the nature of the risks and
to recognize their connections in time. The variety of risks has induced the development of
even more types of management methods. Of course, as in other areas of management science,
there is no “philosopher’s stone” in risk management, a uniform, all-encompassing
methodology. Every developed risk assessment methodology carries advantages (whether
methodologically or in terms of user-friendliness), but it also struggles with limitations. In
many cases, only differences in nomenclature result in a new method, further complicating the
work of a risk management professional who wants to select the method that best suits his or
her goals.

The fundamental objective of the dissertation is to explore the limitations of the selected risk
analysis techniques, identify areas for further development, and then present a possible
methodology to address the identified limitations.

The thesis examines the application conditions, advantages and disadvantages of the
methodologies selected during the literature research from the perspective of their applicability,
with particular attention to their application limitations. Based on the identified limitations, I
propose an extension of the PRISM (partial risk matrix) methodology.

In the first main part of the thesis, the literature review, the trends, approaches and
methodologies used in practice for risk management are identified. The risk matrix, FMEA
(failure mode and effects analysis) and PRISM methodologies are introduced. The focus of the
presentation is on the criticism of the application methodology of each technique. The FMEA
methodology is a widely used, everyday method, but the RPN number used to classify the risk
during its application overly aggregates the nature of the risks, thus giving a distorted picture
of them to decision-makers who want to manage risks.

The PRISM methodology, which uses a partial risk matrices, clarifies the distorted picture of
the FMEA analysis by evaluating sub-risks in pairs and visually illustrates the importance of
each sub-risk, but it does not yet provide sufficient assistance to decision-makers for their actual
prioritization and for the actual comparison of risks.

The comparison can be facilitated by the application of various multi-critria decision-making
(MCDM) techniques. Among the MCDM techniques, the Guilford method, the AHP and the
TOPSIS methods are presented in more detail as techniques suitable for eliminating the
disadvantages of the PRISM method.



After presenting and critically analyzing the literature on MCDM methods, I propose a
methodology development to expand the PRISM method by combining them with the PRISM
method. This is done by developing a combination methodology of Guilford-PRISM, followed
by the description of an AHP-TOPSIS-PRISM methodology.

The functionality of the extended methodologies is examined using case studies that describe
real risk situations. During the data collection for the case studies, not only the proposed
methodology but also the previously applied risk management procedures at the organization
providing the case are briefly presented, and then the applicability of the proposed methodology
is examined by comparing the results of the existing and new practices.

To conclude the dissertation, I present the possibilities and a framework for the managerial
application of the proposed methodology, and finally I outline further development and
extension directions.

The structure of the research process is illustrated in the figure below.
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2 The motivation of the researcher, the goals of the research

Based on my experience in management education and research over the past 20 years, risk
management is one of the biggest challenges for today's leaders in their work. Their tasks and
individual abilities may differ, but if we look for common points in the work of leaders, they
basically continue to plan, organize, instruct, and control, as we learned from the great classics
of management (Taylor, Fayol) over a hundred years ago. Another commonality is that leaders
and managers make decisions, most often based on minimal information, filtered through the
lens of their own experience, under risky circumstances. On the one hand, this is where my
interest in risk management stems from. Is there a universally applicable method for managing
risks?

On the other hand, my experience as an organizer (case study solving competitions,
maintenance conferences) also shows that many years of experience help to implement events
“routinely”, but this also hides countless dangers. Have all relevant factors been taken into
account to a sufficient extent for the successful implementation of the event? Have the
individual risks received sufficient attention during the organizing process, according to their
real weight? Experience is linked to the person. The question is whether it can be transferred?
If there is a method that can be used to interpret risks according to their importance, then their
management will no longer depend on the person in the sense that subjectivity can be reduced
during decision-making.

Maintenance is a strong motivation for me, as it is also one of the prominent areas of risk
emergence. In 2025, the International Maintenance Conference was held in Veszprém for the
37th time. The past, which can be measured in decades, influences my life and thinking with
countless ideas, traditions, and inspiration. The community, which was based on the reliability
theory principles established by Professor Zoltan Gaal at the then University of Veszprém,
expanded with plant maintenance ideas by Professor Zoltan Kovéacs, and called “only” the
Veszprém maintenance school by Professor Csaba Horvéath, has been nourished with countless
defining ideas. Among the thoughts on organizing maintenance, the mass of answers sought to
the questions of when stands out in particular. When should maintenance be done? We can
easily answer this when it broke down. But when will it break down? This is more difficult to
answer. If we can identify which risks (technical, economic, organizational, and human, etc.)
lead to failure, we can get closer to the answers. Another big question is whether these
individual risk factors are equally important or not in terms of failure, as this can prioritize the
tasks to be performed. Nowadays, organizations collect data on everything, including
maintenance. Sometimes, we still fail to “see the forest from the trees,” because diligent data
collection alone is not enough. If there is a data processing and evaluation method that is
appropriate for the purpose, for example, for risk management, then the essence can be filtered
out more easily, and the always scarce resources can be more easily directed to the purpose in
order to manage it. But is there such a risk assessment procedure?

The main question of my dissertation is: what are the limitations of certain risk management
methods and procedures, how can those limitations be overcome, if at all? In my dissertation,



I propose an extension of the PRISM methodology of risk assessment by combining it with
pairwise comparisons.

The research started from the assumption of what limitations and application difficulties the
risk analysis techniques used today have. In addition to their advantages, the widely used
techniques struggle with various measurement problems, which can sometimes be described
rationally and quantifiably, but cannot always handle individual subjectivity. To solve this
problem, several methodologies, and even more extensions and additions, have been created in
the past decades of the history of management science. In addition to the need for rationality,
the application of pairwise comparison methods and their combination with various risk
assessment techniques, which strive to achieve complete information, while also taking into
account the possibilities of managing the limitations of decision-makers, seems to be a possible
way to reduce the degree of subjectivity.

As aresult of the research, my goal is to develop and introduce a risk assessment methodology
that organizations can use to reduce evaluator subjectivity while assessing risks, so that the risk
ranking(s) using the methodology can provide a clearer picture than their previously used
methodologies. A more accurate picture of risks enables the employing organizations to prepare
for potential risks more effectively, thus providing them with a more effective decision-making
process, and enabling better use of scarce resources when managing risks. This can
significantly ease the management work of the employing organizations by making it easier to
focus.

3 Literature review and conceptual framework

Risk and its assessment

During corporate operations, we can consider any disruptions or events originating from
external or internal sources as risks, which, if they occur, could jeopardize the satisfaction of
customer/client needs or the safety of company stakeholders. (Horvath and Szlavik, 2011)

In his study, Doff identifies uncertainty as the main characteristic of business risk, and
identifies 3 approaches to its management:

e method of analogies: comparison with the practices of competitors (or even internal
organizational units), the greatest advantage of which lies in its simplicity;

e statistical methods: identification of trends and volatilities in business operations based
on past data, which use methodologies similar to those used in other financial
operations, making them easy to use;

e scenario mapping: preliminary mapping and evaluation of individual risk events based
on expert opinions, which can also prepare the management of risks. (Doff; 2008)

In the areas of corporate operations (operational, financial, human risks), risks can even appear
together, and risks attributable to external and internal sources jointly affect the performance
of the organization. Hanggraeni et al. (Hanggraeni et al., 2019) highlighted in their study that
managing risks attributable to external and internal sources may prove to be particularly
significant in the lives of small and medium-sized enterprises.



A common characteristic of risks is that the risk itself and its management require a process-
based approach: the exploration of the system of causes and effects. Their complexity can be
seen — among others — in the fact that individual phenomena and events pose different risks in
time, space (for stakeholders) or from some aspect. Essentially, a multi-aspect decision
problem (Rapcsak, 2007) must be solved in order to manage risks. Several processes and
methodologies are available for this, such as the AHP methodology, which can be used to
identify risks in sufficient detail.

In his book Sadgrove (Sadgrove, 2016) divides business risk management into three main
stages: risk identification, risk assessment, and risk mitigation. The main methods that can be
used during each stage are discussed below.

Kosztyan et al. provide an example of how to deal with uncertainties inherent in risk
measurement in their publication (Kosztyan et al., 2010).

Risk Matrix

The risk matrix is a widely used tool in many areas of management for assessing and
prioritizing risks. It is mostly illustrated using a two-dimensional, visual representation to
assess the risk of individual events, based on their probability of occurrence and the potential
severity of the risk. The risk matrix is a semi-quantitative risk assessment method that evaluates
risks based on historical, statistical data (Ni et al., 2010).

The advantages of using a risk matrix can be summarized as follows:

o the visual representation makes the fundamental relationships of risks easy to
understand and present to all stakeholders;

e the ranking allows the scarce resources available for risk management to be easily
reallocated to the most serious risks;

e it provides a clear framework for the decision-making process related to risk
management;

e it provides a consistent approach throughout the entire risk management process for
the entire organization. (Elmonstri, 2014)

Disadvantages of using the risk matrix:

e The categories of the dimensions are mostly determined ad hoc, making it difficult to
compare the individual matrices. (Cox, 2008)

¢ During the mental processing of risks, their classification is mostly based on subjective
value judgments, which can make consistent application difficult. (Ball and Watt, 2013)

e The scaling of the individual dimensions is usually done on low-level (ordinal) scales,
using low-quality data, so their reliability may be questionable. (Duijm, 2015)

FMEA

FMEA is a systematic, bounded procedure that identifies the possible failure modes of a
product, system or process, thus enabling their management and reduction of their effects. It is



particularly often used to identify risks arising in connection with the examined element. It
links the effects to the causes through the failure modes (Dedk, 2005). The basic FMEA
methodology provides a framework system, supports and widely assists the methodologically
stable operation of the quality system and, through its application, assists continuous quality
improvement initiatives (Szakaly, 2005).

The FMEA methodology has two basic areas of application: product (design, construction) and
process FMEA. System FMEA targets a more complex unit during its application.

The FMEA methodology is a multi-criteria risk analysis solution, which expresses the
aggregate characteristics of risks in the form of a so-called Risk Priority Number. During
traditional FMEA, each identified failure mode is scored on a scale of one to ten based on three
parameters, which are: the severity represented by the event (Severity), the probability or
frequency of occurrence (Occurance), and the probability of detection (Detection). By
multiplying the three parameters (S x O x D), the RPN number can be calculated, which shows
the priority of the given risk in comparison with all other failure modes identified during the
analysis (Andrade et al., 2020).

Advantages and disadvantages of FMEA (based on Kényves and Kallo, 2022)

Advantages of applying FMEA Disadvantages of applying FMEA
Widely applicable, regardless of industry, Not suitable for identifying combinations of
system, process, requirements different failure modes
[llustrates problems, shows how the error Difficult to apply in case of complex multi-
manifests itself, and shows its impact level systems
Can also be used to identify and analyze Each analysis step consumes a lot of time
preventive measures, saving time, money, and costs

and other resources

Can be used effectively in maintenance and | There is subjectivity in the scoring system
process monitoring

Easy-to-understand structure There is no designated process or step
“package” that must be examined in every
case, so the selection of failures to be
analyzed is also team-dependent

The PRISM method

The FMEA method is useful in ranking the risks of different failure modes and effects, but the
methodology primarily focuses on determining the RPN number, and ranks based on it. Since
the impact of the 3 dimensions (severity, occurance, detection) is treated as a single value, the
values of each dimension can underestimate or overestimate the real importance of the other
dimensions. This can be considered a significant problem, since the mathematical operation
used during the formation of the indicator (multiplication) can mask the detailed information
carried by each qualification factor regarding the actual nature of the risks. Moreover, if we
want to compare more than three factors, the multiplication used to calculate the RPN number
will consistently underestimate the risks. (Kovdcs et al., 2022b)



The PRISM methodology is recommended, for example, in cases where high reliability of
business processes is expected (for example, in the banking sector), or where environmental
aspects are expected to be given priority (for example, in the case of a nuclear power plant), or
where the organization's safety expectations simply necessitate its application.

PRISM allows the management of risks according to certain dimensions, and according to their
real weight, if we describe the partial risks using risk matrices using the following 3 sub-risk
matrices:

1. Occurance vs. Severity;
2. Occurance vs. Detection;
3. Severity vs. Detection;

which is illustrated in the figure below.
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The general model of PRISM, according to Benedek et al., 2021

Although the PRISM methodology offers a solution for the detection and management of
underestimated partial risks, we cannot forget about the limitations of the methodology. Kovéacs
et al. (Kovdcs et al., 2022a) point out that the methodology focuses on and examines only three
dimensions of the FMEA analysis. Another challenge is that the application condition of the
PRISM methodology is that the factor weights of the evaluation dimensions are the same,
otherwise the results will be biased. The evaluation process is based on deterministic evaluation
scales from the nomenclature of novel multi criteria decision methodologies (MCDM) (Cinelli
et al., 2022). Due to the inflexibility of deterministic evaluation scales, as is the case with the
PRISM method, the sensitivity of the data used is crucial.

In summary, the PRISM methodology can be interpreted as a combination and extension of the
risk matrix and the FMEA. The aim of the methodology is to describe partial risks that would



remain hidden if only the FMEA or the risk matrix were used. Thus, the methodology provides
a more efficient and detailed, overall more accurate picture of the risk assessment result, which
may be necessary for compliance-sensitive and safety-requiring systems. Based on the RPN
values and the partial risks that may exist, risk mitigation action plans can be prepared and
initiated.

Users can adapt the PRISM methodology to the target area of the assessment, and PRISM can
be useful when it is necessary to determine the focus of corrective actions. Since partial risks
can be identified as a result of the assessment, a more detailed risk reduction measure can be
developed.

PRISM is a hybrid methodology that builds on the basic features of FMEA and risk matrix.
Based on the parameterization, PRISM can be used as a methodology that relies more on the
RPN value during risk assessment, or focuses more on partial risks. Thus, the methodology can
be widely customized according to user needs.

Multi Criteria Decision Methods

Multi Criteria Decision Methods (MCDM) is a generic term for a family of methods that help
make decisions where multiple, often conflicting, criteria must be met simultaneously.
(Taherdoost and Madanchian, 2023)

Pairwise comparison is a widely used method, within which one possible method for
performing and evaluating pairwise comparisons is the Guilford method (Guilford, 1928), in
which the preferences between the pairs to be compared are determined and analyzed. Another
possible method is the AHP (Analytical Hierarchical Process), which can also be used to
examine the strength of preferences (Saaty, 1987).

The application of BWM (Best Worst Method) is recommended when the number of factors to
be compared is high, while we also want to examine the strength of preferences (Rezaei, 2015).

TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) is a multi-factor
decision-making methodology that helps to rank different options according to their “distance”
from the extreme values of the ones to be evaluated (Chakraborty, 2022). It considers the
alternative that is the smallest distance from the ideal positive solution and the furthest from
the negative ideal to be the best choice or decision. (Chakraborty, 2022) The individual
intermediate alternatives can be ranked according to their distances from the ideal alternative.
(Hwang and Yoon, 1981, Chakraborty and Yeh, 2009, Chakraborty and Mandal, 2018)

The combinations of AHP and TOPSIS methodologies have provided new approaches mostly
in the following areas:

¢ the combination of TOPSIS methodology with AHP for determining factor weights and
decision-making,

e the development of other decision-making or evaluation methodologies by expanding
them with the AHP-TOPSIS methodology,



e various fuzzy techniques are often used when machine learning is at the center of the
evaluation, especially in the case when the decision-making problem is considered to
be extremely complex (Forgdcs et al., 2020, Braglia et al., 2003).

4 Research methodology

In my dissertation, I described a methodological development to address the shortcomings of
the PRISM methodology, which started from the following questions and assumptions.

4.1 Research questions and assumptions

Classical risk management methods, such as the risk matrix and FMEA, offer tempting
opportunities for identifying and classifying risks with their prevalence and simplicity.
However, like every coin, risk assessment also has a downside. FMEA compresses the risk
characteristics into a single value by calculating the RPN indicator, making it difficult to apply
in multi-level systems. (Kényves and Kallo 2022) The PRISM methodology provides a solution
to this problem, which can provide a more visual picture of the risks than the RPN number by
managing sub-risks. (Benedek et al., 2021)

The weakness of the PRISM method is that it only focuses on the nature of the risks, does not
provide a sufficiently detailed picture of their solution directions (Bognar and Hegediis, 2022),
does not sufficiently address the difficulties arising from the subjectivity of opinion makers
(Redmill, 2002; Banghart et al., 2018), and does not examine the reliability of opinion makers
(Benedek et al., 2021).

Based on the above, I formulated my first research question.

1. What additions are needed to the PRISM methodology, which would allow the comparability
of risks as well as the reliability of the evaluators?

During risk assessment, expanding the PRISM methodology with various MCDM techniques
(e.g. AHP (Saaty, 1980), TOPSIS (Chakraborty, 2022), BWM (Rezaei, 2015)) as described in
the literature review may be a viable way to overcome the challenges of the methodology. Like
all methodological developments, combining them with MCDM techniques gives the PRISM
methodology both advantages and disadvantages compared to the original methodology. This
may be reflected in the applicability area (general or specific management/business areas), the
nature of the measurement scales, the focus of usability (strategic vs. operational), etc. When
qualifying the “goodness” of the development, all of the factors listed above must be taken into
consideration in the decision of the manager choosing a methodology for risk assessment.

Based on the above, I formulated my second research question.



2. How can the expansion of the original PRISM methodology with certain MCDM techniques
provide a methodological solution to decision/risk management problems arising in a given
application area?

Pairwise comparison techniques, such as the Guilford method (Guilford, 1928) or the AHP
(Saaty, 1987), aim to fully organize the elements (risks) under consideration so that they can
be evaluated appropriately, based on the widest and most accurate information possible. This
can pose a significant challenge to those involved in the evaluation. If we want to receive the
most accurate and reliable evaluation from risk assessment professionals regarding the nature
of the risks, then it is necessary to help and support them in their evaluation work. The PRISM
method is a clear, easy-to-learn, and applicable tool. When applied, the evaluators prepare the
rating as a real group, in the context of actual joint thinking (Bogndar and Benedek, 2022). Group
work with personal participation can distort individual opinion formation, as dominant
individuals (either from personal sources or from the position provided to them by the
organization) can influence opinion formation. However, the PRISM methodology does not
examine the agreement or distortion of expert opinions.

Based on the above, I formulated my third research question.
3. How does the use of pairwise comparisons change the PRISM risk assessment process?

After setting my research questions, my assumptions follow, their numbering follows the
research questions.

Assumptions:

1. If the PRISM method remains suitable for risk management even after integration with
various pairwise comparison techniques, then the pairwise methodologies will also allow
for the examination of expert consistency (with a lower number of cases).

2. When combining the PRISM methodology with pairwise comparison techniques, the
method of measuring the assessment dimensions will change.

3. As a result of the application of pairwise comparison, the reliability of the PRISM risk
assessment process will increase, and the consistency of the experts' opinions could be
examined.

4.2 The case studies and their findings

I used the case study methodology to examine the capabilities of the method development
presented in my dissertation.

From the detailed description of the methodological development found in Chapter 4 of my
dissertation, it can be seen that its application is independent of the nature of the risks examined
and the field of operation of the organization applying the methodology, so when selecting the
cases, | chose organizations whose operational characteristics can be used to draw sufficiently
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generalizable experiences. When describing the case studies, I follow the relevant steps of the
methods described in Chapter 4 of my dissertation step by step.

The first case study examines the risk management process applied at a commercial bank and
compares its experiences with the results achieved by applying the PRISM methodology
combined with the Guilford procedure. The majority of the risks examined focus on the
financial area and the compliance of banking processes. The lower number of risks examined,
as well as the fact that due to the examination of financial issues, two events characterized by
the same numerical value rarely occur (almost excluded), so it is difficult to imagine two risks
with the same qualification and consequence, justified the application of the PRISM method
combined with the Guilford procedure.

The proposed risk assessment methodology is based on the aggregation of individual expert
opinions, so the problem in the examined banking practice can be easily remedied and avoided
with its help. In the applied banking practice, only 4 risk categories (insignificant, moderate,
significant, critical) are defined and used, so in the case of several events to be assessed, several
events will receive the same rating, thus the ability to distinguish their importance will be low.
The application of the proposed, with the Guilford procedure combined PRISM method, is able
to create a more finely detailed scale compared to the method used in banking practice (using
a continuous scale instead of a scale containing 4-element discrete values), so a more accurate
picture can be obtained with its help in relation to the assessment of individual non-compliance
cases. Although only a few emerging problems were addressed in this case study, it was
inspiring for the compliance experts of the bank in the case study (and also for the compliance
experts of other commercial banks, who assess their risks in a similar way to the described
practice) to continuously improve their banks' compliance management systems.

The second case study comes from the energy industry, examining the risks of the logistics
department of a nuclear power plant. This problem area examines mainly technical issues, the
exploration of which typically provides measurable results, and in the pairwise comparison of
individual risks, it is possible that experts may judge the risk of individual events to be the
same. This is why this case uses the AHP-TOPSIS-based extension of the PRISM
methodology.

The aim of the case study was to demonstrate the functionality of the AHP-TOPSIS-based
extension of the PRISM risk assessment methodology through a nuclear power plant risk
assessment example. The methodology, based on the 3 risk assessment dimensions used in the
application of FMEA, expands the basic PRISM methodology and helps to identify and present
underestimated or hidden partial risks. The PRISM assessment process uses deterministic
assessment scales, therefore the data sensitivity of the method is critical. Although combining
the analytic hierarchy process (AHP) with the PRISM method helps to alleviate some of the
disadvantages of the original methodology, the AHP-PRISM method is still unable to solve the
problem of the equal factor weight of the assessment dimensions. This example demonstrates
the application of a methodology (AHP-TOPSIS-PRISM) that allows for the use of different
factor weights for evaluation dimensions and an in-depth analysis of each alternative by
comparing it with positive and negative ideal solutions. Since the TOPSIS methodology can
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provide an efficient solution in ranking compared to other methods, it was a suitable direction
for expanding the AHP-PRISM methodology.
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5 Results and theses of the research

This chapter summarizes the main findings of my dissertation, answers the research questions,
and sets out my theses.

5.1 Research question #1, assumption #1, thesis #1

1. What additions are needed to the PRISM methodology, which would allow the
comparability of risks as well as the reliability of the evaluators?

The PRISM methodology approaches the ranking of risks by comparing sub-risks, which
would remain hidden, for example, during a traditional FMEA analysis. By presenting the
relationships between sub-risks, it provides a visual tool for risk assessors. By default, the
PRISM methodology does not provide an opportunity to exclude evaluator subjectivity (even
unintenional ones), and it gives a distorted picture of risks in the case of different factor weights
of the assessment dimensions. Based on examples from the literature, these problems can be
remedied by integrating with other techniques, such as MCDM.

By analyzing the pairwise comparisons of experts performing risk assessments, their expert
reliability can be evaluated and qualified, so that, if necessary, we can make a decision to accept
or reject the results of their work. If the level of consistency of their assessment is not adequate,
their opinion formation can be excluded from subsequent analyses.

By rating the work of the evaluators, experts with opinions that differ significantly from the
common opinion of the evaluator group (outliers) can also be identified, in which case they can
also be excluded from the study, which may even induce further studies to explore the
background of their different opinions (the current level of development of the proposed
methodologies does not yet provide an explanation or solution for this).

At the same time, the use of pairwise comparisons also modifies the applicability area of the
PRISM method, making it applicable at a strategic level. As the number of pairs to be compared
increases, the evaluator's work becomes more difficult, so it is more difficult for evaluators to
achieve the reliability characterized by consistency that is expected of them.

1. assumption: If the PRISM method remains suitable for risk management even after
integration with various pairwise comparison techniques, then the pairwise methodologies
will also allow for the examination of expert consistency (with a lower number of cases).

1. thesis: As a result of the integration of the PRISM method with various pairwise comparison
techniques, expert consistency can be examined. Due to the limited number of pairwise
comparisons, the focus of risk assessment shifts from the operational level to the strategic
level.
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5.2 Research question #2, assumption #2, thesis #2

2. How can the expansion of the original PRISM methodology with certain MCDM techniques
provide a methodological solution to decision/risk management problems arising in a given
application area?

The AHP-TOPSIS-PRISM methodology performs comparisons with different factor weights.
In this case, the visualization ability of the methodology deteriorates, but this is offset by the
advantages provided in the ranking of risks. If the need for visualization is high when applying
the methodology, the PRISM method combined with the Guilford method is recommended,
since it still uses the same factor weights, thus the visualization ability of the PRISM
methodology is not deteriorated.

Both the Guilford method and the AHP-TOPSIS-based extension allow the PRISM method to
be compared based on pairwise comparisons of risks against the deterministic measurement
scale of the PRISM method. This results in a more detailed comparison, since it compares risks
with each other according to their relative importance (each element is compared with each
element).

The increase in the number of pairwise comparisons changes the focus of the PRISM method:
it becomes strategically focused instead of managing operational risks. The peculiarity of the
method development is that the number of comparable elements becomes limited, so it is not
advisable to use it for the evaluation of a large number of risks at the operational level.

As a result of the extension of the PRISM methodology with the Guilford procedure, decision-
maker indifference is not allowed, therefore it is recommended to use it only in situations where
the evaluators can clearly take a position on the preference of individual elements. In contrast,
the AHP-TOPSIS-based extension allows for evaluator indifference, which does not narrow
the range of risks that can be examined.

2. assumption:. When combining the PRISM methodology with pairwise comparison
techniques, the method of measuring the assessment dimensions will change.

2. thesis: By combining the PRISM methodology with pairwise comparison techniques, it is
still possible to identify the relative importance of risks. The AHP-TOPSIS-based
extension of the PRISM methodology allows the use of different factor weights for the
evaluation dimensions, while the extension with the Guilford procedure preserves the
visualization capabilities of the PRISM methodology while using the same factor weights.

5.3 Research question #3, assumption #3, thesis #3

3. How does the use of pairwise comparisons change the PRISM risk assessment process?

The evaluation process is modified towards the characteristics of the nominal group when using
PRISM methodologies combined with pairwise comparisons compared to the original PRISM
method. The use of pairwise comparisons provides the opportunity for individual evaluation
and then for its consistency check, thus the negative effects of the group evaluation used by
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PRISM (for example, the influence of the dominant opinion maker) can be reduced. The
evaluators can give their evaluation in individual work, and then this can be summarized after
the consistency check, thus group effects that can distort the evaluation can be prevented.

The use of consistency check allows the exclusion of the opinion formation of decision-makers
with inadequate consistency from the evaluation, and the identification of different opinion
formations that differ significantly from the common value judgment.

The PRISM methodology requires personal, simultaneous presence when preparing the
evaluation. In the case of using methodologies extended with pairwise comparisons,
simultaneous presence is not a prerequisite.

3. Assumption: As a result of the application of pairwise comparison, the reliability of the
PRISM risk assessment process will increase, and the consistency of the experts' opinions
could be examined.

3. thesis: As a result of the application of pairwise comparison:
a) inconsistent evaluators can be excluded from the risk assessment process based on the
consistency test,
b) the assessments of individual experts become comparable in detail,
c) the emphasis shifts to individual assessment processes, and opinions that differ
significantly from the common opinion may induce further investigations into the
assessment process.

6 Limitations, managerial applications

The common feature of the methodological developments presented in my dissertation is that
it develops the PRISM method through integration with methods based on pairwise
comparisons. Thus, the limitations of my work can be interpreted on the one hand in terms of
the characteristics that can be considered as a given of the methods used, and I also address the
limitations arising from the circumstances of application, for which I have also presented
typical solutions in the literature related to these limitations. My aim is not to strive for
completeness, but to briefly present some fundamental limitations and describe their impact on
my work.

As I have already briefly presented in the methodological chapter, the technical apparatus of
pairwise comparisons is extensive, of which I have used the methods that can be considered
basic. One important limitation of the Guilford method regarding usability is that basically the
decision-making expert must clearly choose between the two pairs (equality, i.e. identical
classification is not allowed). This also means that when selecting the elements to be compared,
it is important to pay attention not to include elements with very similar meanings in the
analysis, because their comparison cannot be meaningful. This is especially true when the
Guilford method is used in the assessment of the severity of the consequence.

For example, if we want to examine the risk situation of whether the right wing or the left wing
of an airplane will have a more serious consequence in terms of keeping the airplane in the air,
then it is clear that the Guilford procedure presents an insoluble problem, because the Guilford
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procedure does not allow for indifference for the decision maker. This problem can be
overcome by including the item in the “wing detachment” category in the comparison and not
making a distinction between right and left wings.'.

The above limitation of the PRISM methodology combined with the Guilford method is solved
by the AHP method, since it allows indifference when comparing two elements. It is another
matter whether indifference will still result in a measurable decrease in consistency, which
would not be justified from the practical point of view. One important limitation of the
development with the AHP is that the evaluation scale used by the AHP often leaves too much
room for subjective approaches, which can cause distortion of expert assessments.

Although the extension of the AHP-TOPSIS method to the PRISM methodology provides a
solution for handling the different weights of the evaluation dimensions, it causes a step back
in the visualization of the representation of risks compared to the basic PRISM method.

The following table summarizes the essential characteristics of the pairwise comparison-based
extensions of the PRISM method.

Factor Decision- . L. Decision
. Measurement Visualization . Number of
Method weights for maker . making .
. method .. capability alternatives
evaluation indifference level
deterministic .. . .

PRISM same scale allowed significant operational high
Guilford- Irwi . . .
Pllii Sl(i/rl same E gglv;:rieson not allowed  significant strategic  limited
AHP- airwise
TOPSIS-  different  © ) allowed not significant strategic  limited
PRISM comparison

When solving practical problems, it is worth taking the following considerations into account
when making a managerial choice:

1. If the weights of the evaluation dimensions are the same and the evaluation is based on
deterministic scales, then the basic PRISM method is recommended, which provides
sufficient visual support during the evaluation.

2. If the weights of the evaluation dimensions are the same and the evaluation is based on
pairwise comparisons, then the PRISM method extended with the Guilford procedure is
recommended, which provides sufficient visual support during the evaluation.

3. If the weights of the evaluation dimensions are different and the evaluation is based on
pairwise comparisons, then the AHP-TOPSIS-PRISM method is recommended, which,
however, can only provide limited visual support during the evaluation.

! The effect of the limitation is clearly visible when, in the example mentioned above, we want to compare the
consequences of the tail and wing of an airplane being torn off.
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