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Abstract. The national curricula of the EU member states are structured
around learning outcomes, selected according to Bloom’s Taxonomy. The au-
thors of this paper claim that using Bloom’s Taxonomy to phrase learning out-
comes in medical education in terms of students’ achievements is difficult and
unclear. This paper presents an efficient method of assessing course learning
outcomes using Fuzzy Logic.

Introduction

In 1999, the Ministers of Education of 29 European countries signed the
Bologna Declaration. It aimed to:
– introduce a system of transparent and comparable degrees,
– promote student mobility,
– tailor education systems to meet the needs of the labour market.
For the comparability of qualifications, in 2008 the European Union

developed the European Qualifications Framework (EQF) and revised it
in 2017 (Europass. European Union., 2017). “Each of the 8 levels of the EQF
is defined by a set of descriptors indicating the learning outcomes relevant
to qualifications at that level in any qualifications system” (Europass. Eu-
ropean Union, 2021). The Polish Qualifications Framework (PQF) consists
of eight levels, compatible with the EQF. It distinguishes full and partial
qualifications. A Master’s degree in medicine is a level 7 qualification both
in the PQF and the EQF.
The wording of the EQF shows that the approach to education has

changed (Niemierko, 2021). The emphasis has shifted from the lecturer’s
point of view on what should be taught and how it should be done to what
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students will know and will be able to do (Kraśniewski, 2009). The concept
of “learning outcomes” has become the most important one to describe
the educational process.

Principal Definitions

Definition 1. Learning outcomes are “statements about what a learner
knows, understands and is able to do on completion of a learning process –
they are defined in terms of knowledge, skills and responsibility and auton-
omy” (Europass. European Union., 2017).
Definition 2. “Knowledge means the outcome of the assimilation of in-

formation through learning. Knowledge is the body of facts, principles, the-
ories and practices that is related to a field of work or study. In the context
of the EQF, knowledge is described as theoretical and/or factual” (Europass.
European Union., 2017)
Definition 3. “Skills means the ability to apply knowledge and use know-

how to complete tasks and solve problems. In the context of the EQF,
skills are described as cognitive (involving the use of logical, intuitive
and creative thinking) or practical (involving manual dexterity and the
use of methods, materials, tools and instruments (Europass. European
Union., 2017).
Definition 4. “Competence means the proven ability to use knowledge,

skills and personal, social and/or methodological abilities, in work or study
situations and in professional and personal development” (Europass. Euro-
pean Union., 2017).

Classification of Learning Outcomes

The term “classification”, which in logic means the grouping of objects
into a set according to their properties, is often used synonymously with
the term “taxonomy”. Originally, “taxonomy” denoted the classification of
living and extinct organisms, animals and plants; then the scope of the term
was expanded to cover a more general system of naming and organization.
It aims to name, classify, and structure items in levels (Tomaszczyk, 2007).
The best known and widely used taxonomy of learning outcomes is the
one based on Bloom’s Taxonomy of Educational Objectives (Bloom, 1956),
later revised by Anderson and Krathwohl (Anderson, et al. 2001), as shown
in Figure 1.
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Figure 1. Revised Bloom’s Taxonomy (Anderson et al., 2001)

Description of Categories

1. Knowledge – remembering material.
The category encompasses recalling a definition, claim or formulae, and
understanding simple facts.

2. Comprehension means the ability to understand and interpret meaning.
3. Application means the ability to use objects in new situations.
4. Analysis means problem decomposition, recognition of relations be-
tween separate objects.

5. Evaluation means object evaluation, discussing ideas and convincing
others to accept ideas, and drawing conclusions.

6. Creation means linking achievements, building new principles and ob-
jects, including criticism.
Having taxonomic categories established, learning outcomes can be

classified and interrelations between them analysed. Unfortunately, there
appears the difficulty to adequately assign a category to an already de-
fined learning outcome. To overcome it, the fuzzy set theory can be used
(Zadeh, 1965).
In the classical set theory, it is defined whether an element belongs to

a set or not. In exact sciences, e.g. mathematics, a mathematical statement
is either true or false. It is worth emphasising, though, that in mathematics
there are hypotheses that are yet to be verified, e.g. Goldbach’s conjecture,
even if substantial research shows that it is empirically true.
In the language of analysis, qualifying statements often appear, i.e. that

method A is better that method B. There are also classifications of an object
i.e. small, tall, medium. If necessary, some classifications can even be more
detailed, i.e. very small, small, medium, tall, very tall. Fuzzy logic is used
in such analyses.
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Elements of Fuzzy Logic

According to Zadech (1965), fuzzy set A is a set of ordered pairs:

A = {(X,µA(x)) : x ∈ X}

where µA : x → [0, 1] function is called the membership function of fuzzy
set A.
The following three cases are considered:

1) If µA(x) = 1, then element x fully belongs to set A.
2) If µA(x) = 0, does not belong to set A.
3) If 0 < µA(x) < 1, then element x partially belongs to set A.

Fuzzification and Defuzzification of Learning Outcomes

Let x be an assumed learning outcome. Let Ai denote, for i =
1, 2, . . . , 5, 6, a set close to i-th Bloom’s category. For example, A3 is the set
close to the category Apply. Learning outcomes will be modelled using fuzzy
logic and Bloom’s taxonomy. Figure 2 shows the scheme of a fuzzy model.

Figure 2. Fuzzy model

The fuzzy definition of a linguistic variable is given in Figure 3. Fuzzifi-
cation is defined as the process of transforming a crisp set into a fuzzy set.
Fuzzification is done using 3 fuzzy linguistic variables: “high”, “medium”,
and “low”.

Figure 3. Fuzzification
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Let the following functions be defined using the following formulas:

µL(x) =







−x+ 4

4
x ∈ [0, 4]

0 x ∈ (4, 8]
µM (x) =











x

4
x ∈ [0, 4]

−x+ 8

4
x ∈ (4, 8]

µH(x) =







0 x ∈ [0, 4]
x− 4

4
x ∈ (4, 8]

,

where: µL : x → [0, 1] membership function to set L – low, µM : x → [0, 1]
membership function to set M – medium, µH : x → [0, 1] membership
function to set H – high.
Defuzzification is defined as the process of reducing a fuzzy set into

a crisp set. The method of Maximum (Naaz et al., 2011) is used, which is
presented in Figure 4.

Figure 4. Defuzzification

Analysis of Selected Learning Outcomes

The procedure to be followed is:
1. Select a learning outcome.
2. Choose a category from Bloom’s Taxonomy.
3. Determine the matching by indicating the argument of the function.
4. Find the values of the matching.
Analysis of the selected learning outcome can be summarized in the

table proposed below (Table 1).
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Table 1. Learning Outcome

Membership function
Bloom’s taxonomy

Argument Value Defuzzification
Category Name of x Low Medium Highname the set

Remember A1

Understand A2

Apply A3

Analyze A4

Evaluate A5

Create A6

Education of future medical doctors is based on a standard that pre-
pares them for performing the professions of a medical doctor, dental prac-
titioner, pharmacist, nurse, midwife, laboratory diagnostician, physiothera-
pist, and paramedic. In Annex 1 to the Regulation of the Minister of Sci-
ence and Higher Education of 2019 on the standards of education preparing
for performing the profession of the medical doctor, a group of classes is
described in the course of which the student achieves detailed learning out-
comes. 5 general learning outcomes in terms of knowledge (graduate knows
and understands) are defined; in terms of skills (graduate is able to), 9 effects
are defined; in terms of social competences (graduate is ready to), 11 effects
are defined.
Detailed learning outcomes include effects defined for: morphological

sciences (knowledge – 6 effects, skills – 5 effects), scientific bases of medicine
(knowledge – 29 effects, skills – 13 effects), preclinical sciences (knowledge
– 51 effects, skills – 20 effects), behavioural and social sciences with elements
of professionalism (knowledge – 23 effects, skills – 18 effects), non-surgical
clinical sciences (knowledge – 43 effects, skills – 38 effects), surgical clinical
sciences (knowledge – 16 effects, skills – 26 effects), legal and organizational
aspects of medicine (knowledge – 18 effects, skills – 9 effects).
An analysis of selected learning outcomes according to the presented

theoretical approach on the basis of detailed learning outcomes will be pre-
sented in the next article. It should be performed on all the outcomes,
which would make it possible to obtain a clear picture of the whole cur-
riculum, divided into Bloom’s categories (Krathwohl, 2002). Such work
should be performed with participation of experts in a given subject mat-
ter, in order to properly interpret the obtained conclusions (Leszczyński
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et al., 2017, Mokwa-Tarnowska, et al., 2018; Stańdo, 2019). In the area
of education, many authors have already been using fuzzy logic as a tool
(Pasikowski, 2017).

Conclusion

Before a proposed approach is implemented on a larger scale, it is nec-
essary to test it, including testing in the areas of medical sciences and health
sciences.
There are no teachers who would not have doubts as to which Bloom’s

Taxonomy category should be ascribed to the chosen learning outcome.
The used method that employs fuzzy logic defines new directions for solv-
ing the problem. It would be beneficial to implement the European Quali-
fications Framework for education at medical universities. Tests performed
by academic teachers from medical universities are necessary. Hence, a sci-
entific debate concerning the achieved effects in terms of the proposed tools
is needed, which would include fuzzy logic.
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