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Abstract

A team of competent employees is one of many factors that determine the success of a project. Many
approaches have been described in the literature to help decision-makers plan competence frameworks to
complete project portfolios. Few of them take into account the disruptions that may occur during the
project realization caused, for example, by employee absenteeism, employee fluctuations, etc. In this area,
there is still a lack of solutions (methods and implementing them IT environments) that could be used to
support decision-makers in planning so-called competence frameworks robust to the disruptions, that
guarantee the completion of planned project portfolios. The possibility of the practical application of the
proposed method was illustrated in the example of a university.
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Introduction

Every project is carried out in an uncertain and constantly changing environment, dominated by
technological and organizational innovations, growing competition, employee turn-over, legislative
changes, etc. This causes unforeseen (undesirable, unplanned) events to occur during project realization
that can be the source of project failure. As a consequence, decisions regarding establishing project teams
are subject to uncertainties related to temporary or permanent unavailability of resources (e.g., employees),
delays in starting activities, changes in activity durations, etc. In other words, during the planning of project
teams, it is necessary to take into account the unforeseen events that disrupt their realization, especially
those that pose a risk to the project deadlines (S6derholm, 2008).

Decision makers are usually unable to predict the appearance moment of the disruptions (e.g., which
employee will be absent and in what time frame, which materials will be delivered with what delay, etc.)
(Collier & Lambert, 2018). Therefore, in the following discussion, we will refer only to such disruptions
whose type is known to the decision-maker, but the moment of their occurrence and duration are unknown.
This means that the probability of disruption appearance is unknown. A disruption can be understood as a:
o temporary absence of any employee (e.g., sick leave, inability to perform duties, etc.) or permanent
unavailability of an employee (e.g., change of employer, death, etc.),
e change in the customer’s requirements during the project realization, resulting in the need to perform
additional, unplanned activities, etc.

The high rate of sick leave in 2020 (due to the coronavirus pandemic) (ec.europa.eu, 2021) and the
employee turnover that has persisted for several years (Hom, Lee, Shaw & Hausknecht, 2017) result in a
constant search for new methods to reduce the effects of employee loss during the project realization. One
type of disruption related to absenteeism was further assumed, which can:
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e concern every member of the team,
e occur at any time during the project,
¢ last any amount of time.

Section 2 presents a closer look at the current state of research on existing methods to ad-dress the effects
of employee absenteeism. Section 3 formulates the competence framework planning problem that are robust
to selected disruptions. Section 4 presents a model to search for competence frameworks that are robust to
employee absenteeism. The demonstrated ex-ample in section 5 illustrates the problem solution. The final
section presents conclusions as well as directions for further research.

Literature review

The most frequently observed reaction to employee absenteeism is an attempt to look for a modification of
the realized assignment of activities (so-called re-allocation), which will allow a continuation of the project
(Klimek & febkowski, 2011). However, the possibility of carrying out appropriate changes depends,
among other things, on the competencies of the available employees. In a particular case, it may turn out
that due to insufficient competence of the remaining employees, it is not possible to carry out the relevant
changes that would enable to continue of the activity.

An alternative to the presented reactive (situational) approach is the concept of proactive planning called
pre-situational management (Diick, lonescu, Kliewer & Suhl, 2012; lonescu & Kliewer, 2011). It comes
down to developing in advance (before the start of the project) patterns (variants) of action (repair plans) in
the event of the occurrence of a known disruptions. These could be variations on project plans, activity
assignments to employees, etc.

Therefore, in the context of competencies, pre-situational planning comes down to the preparation of a team
characterized by the so-called competence framework that guarantees the changes in the assignment of
activities in the event of disruptions (Szwarc, Bocewicz, Banaszak & Wikarek, 2019; Szwarc, Wikarek,
Gola, Bocewicz & Banaszak, 2020). Providing such a guarantee is seen in two approaches: preparation of
employee’s competencies under so-called cross-training (Olivella & Nembhard, 2016) or the use of so-
called employee reserves that increase the competence capabilities of employees in the event of disruptions
(Moudani & Mora-Camino, 2010; Ingels & Maenhout, 2015; Malen & Vaaler, 2017). These approaches
have been applied in the works of (Szwarc, Bocewicz, Bach-Dabrowska & Banaszak, 2019; Szwarc &
Wikarek, 2020; Bocewicz, Szwarc, Wikarek, Nielsen & Banaszak, 2021), which present a model and a
method providing an estimation in what per-centage the competence framework is robust to disruptions.
The measure of robustness to disruptions is the ratio of the number of variants of the given types of
disruptions for which there is an assignment of activities to employees guaranteeing the execution of the
given plan to all possible variants of disruptions. It is assumed that this is the value of a linear function, in
the domain of real numbers, within range from 0 to 1, where:
¢ value of 0 means no robustness, i.e., for each case of absenteeism, there is no activity allocation that
guarantees timely execution of the given plan,
o value of 1 means full robustness, i.e., for each case of absenteeism, there is an activity allocation that
guarantees timely execution of the given plan.

The presented robustness measure was used to solve the problem of planning competence frameworks
robustness to selected disruptions.
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Problem

The problem under consideration is defined as follows: The project (the set of activities) is given, the
available number of employees is known (team of employees with a given competence framework). The
assignment of activities to individual employees is known. A set of disruptions that may delay project
completion is identified. The expected robustness of the competence framework to selected disruptions is
known. The problem comes down to solving two subproblems:

o assessment (analysis) of the robustness of the competence framework to a given disruption,

o searching for competence framework of the team of employees executing the project portfolio, which

guarantee the expected robustness to the given disruptions.

In order to solve the problem, a reference model was built for the problem of planning competence
frameworks robust to selected disruptions. The assumed declarative nature of the model allows us to
formulate the problem of planning robust competence frameworks in the form of the so-called Constraints
Satisfaction Problem (CSP). The CSP solution comes down to the search for such values of decision
variables that meet a number of specific requirements (limitations) that make up the formulated problem.

Reference model and planning method of competence framework robust to disruptions

A declarative modeling paradigm has been used to formally describe the considered problems of analysis
and synthesis of competence frameworks robust to disruptions. For this purpose, the following reference
model is introduced:

Z:  aset of operations carried out under the project portfolio Q: Z = {Z, ..., Z,,},

Z*  aset of additional operations: Z* = {Z,, 1, ..., Zn+} (project portfolio disruption),

P: asetof employees: P = {P;, ..., B},

Uy,: set of o-element variants of employee absenteeism: Uy, = {{uy, .., u;, ..., U} w; € {1, ..., m}},

LP,: a subset of the set of U, (LP, S U,) defining absenteeism cases for which the competence
framework is robust to absenteeism of employees ® and assigning additional activities A.

®:  single variant of employee’s absenteeism w, ® € U,,,.

Sets:

Parameters:

n:  number of operations carried out in the project portfolio Q (n € N),
qi: number of operation activities Z;,

m:  number of employees in team P (m € N),

w:  nhumber of absent members in team P (w € N), w < m,

A: number of additional operations (1 € N), specified in the set Z*,
l;:  duration of the operation activity Z;,

y;.  start of the operation activity Z;,

@;. number of employees required for the operation realization Z;,
S: minimum working hours of employee k (s;, € N),

z,  maximum working time of employee k (z;, € N),

w;.  set of operations excluding the operation Z;, w; <€ Z,

R*: expected robustness of the competence framework, R* € [0,1].

Decision variables:
G:  competence framework given by the matrix G = [gk,i]

where gy ; € {0,1}:

k=1.m;i=1..n+A’
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_ {1 when employee P;, has competencies to perform the operation Z;
Iei =1 in other cases

the measure of the robustness of the competence framework G to disruptions defined by U, i Z*,
competence frameworks taking into account absenteeism of employees specified in the set ©:

0 _ [0
6" = [‘gk'i]kzl...m;izl...nwl’
where gp; € {0,1}:
o _ {1 when k € © i P, is competent to perform the operation Z;
ki 1o in other cases

allocation of activities of operations from portfolio Q@ to employees of team P, X =
[xk'i]k=1 et nag o Whereix,; € {0.1, ..., q;} specifies the number of actions of the operation Z; ,

which is carrying out by an employee P,
allocation in a situation of absenteeism of employees defined in the set @: X° =

S e . - . .
[xk'i]k=1...m;i=1...n+/1' where: x; € {0.1, ..., q;} defines the number of activities of operations Z; , in

the event of absenteeism of employees defined in the set @,

variable determining whether an allocation X© exists that guarantees realization of the set operations
Z U Z* within the given deadline. The value of a variable c® € {0,1} depends on partial auxiliary
variables cp;, ¢S, c$ determining whether the following constraints (1)-(12) are fulfilled.

Constraints:
1. The elements g,‘f‘i of the matrix G® that characterize employee absenteeism P, (k € 0) take the values

0:
0 gri Wwhen K& 0
. = {5k, 1
B {0 when K € 0 )
2. Activities of operations Z are performed only by employees with appropriate competencies:
Xpi<qi-gppfork=1.mji=1.n+14v0 €U, ()
3. At any given time, the employee performs at most one activity:
- ((ya,a + la < YB,b) \% (YB,b + lB < }’a,a)) = (xl(?,a ’ XI?,B = O)
a,f=1.nk=1.m;a=1..q,b=1..q, VO €U, 3)
4. Operations Z are performed by teams ¢; of competent employees:
(Z’,lelx,gi =q;- (pi) s (cﬁi = 1) ,fori=1..n;v0 €U, 4)
Crixgi=qi ) e (c;=1) ,fori=n..n+1,V0 €U, (5)
Vaen iep.my (X6 = i) A [" ((“ + 1 <ypp)V(pp+1lp < “)) = (xep = 0)] ,
forp=1.ni=n.n+A4,b=1..q, VO €U, (6)

where: 3'* — existential quantifier: “exactly a elements exist”.

5. The workload of the k-th employee is equal to or greater than the minimum working hours s;:
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(Ztxg, 1= s) © (¢ = 1), fork = {1..m}\0; Vo € U, (7

6. The workload of the k-th employee is not greater than the maximum working time z,:
(Ttxg 1 <z) o (c§y = 1), for k={1..m}\6; Vo €U, (8)

7. Realization of mutually exclusive activities:
(Zyew) = (xg;-xf,=1),fori=1..n+4k =1..m;V0 €U, 9)

8. Robustness R} is calculated as the ratio of the number of variants |LP,|, for which the competence
framework is robust to absenteeism w of employees and ordering A additional activities to all possible
variants of disruptions (|U,,|).

RA = ||L5w|| > R* (10)
LP = Yoey, c® (11)
c®= H?:{l Cfi k=1 Cgk [Tkeq C?,k (12)

The proposed model includes a set of decision variables (describing: competence framework, the measure
of its robustness, assignment of activities to employees), discrete domains of decision variables, as well as
a set of constraints (relations connecting decision variables) characterizing the requirements for competence
framework and realization of planned activities. Due to the method of model specification, limited to the
definition of decision variables, domains of variables and constraints imposed on subsets of variables, the
considered analysis and synthesis problems belong to the class of Constraints Satisfaction Problems (CSP),
which were implemented in the environment IBM ILOG CPLEX.

The method illustrated in the Figure 1, supporting the planning of competence frameworks in terms of
searching for competence frameworks robust to selected disruptions (employee absenteeism), enables the
analysis of the robustness of the adopted competence framework (stage 1 of the method).

If the result of the robustness analysis is unsatisfactory, the method allows (step 2 of the method) to support
the search for a redundant competence framework (what competencies should be acquired by which
employee), which will be robust to a given degree (e.g., equal to 1).

In case of lack of competence frameworks of desired robustness, the method allows indicating the
competencies that should be characterized by newly hired employees in order to obtain the desired
robustness (stage 3 of the method). It is worth noting that after verifying the method (Szwarc et al, 2020;
Bocewicz et al, 2021), the obtained results do not provide the number of new employees. It is therefore
proposed to extend the model by determining the average number of competencies per employee. The next
section presents solutions to the problem, taking into account the number of new employees with
competencies that provide the expected robustness.
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Data obtained from the Faculty of Electronics and Computer Science of Koszalin University of Technology
(hereinafter FECS) were accepted. FECS carries out 214 operations (hereinafter subjects): Z =
,Z514} (lectures, exercises, laboratories, projects, seminars). For each subject, there is the number
of class groups g;, the number of hours [; per group, the number of employees required to complete the
subject. Data on the set of subjects Z conducted at FECS are illustrated in the Table 1.
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Zl qi li Pi
Z4: History of technology 16 5 1
Z,: History of technology 2 5 5 1
Z4: Inventics 12 5 1
Z,: Economic Sciences 9 5 1
Z<: Fundamentals of mathematical analysis 20 5 1
Z,,4- Programming in .NET environment 21 5 1
Z,13: Distributed information systems 6 5 1
Z,14: Artificial intelligence methods 6 5 1
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FECS has 49 employees. Their competencies (education, academic achievements, knowledge, etc.) are
known, which define which classes they can teach. Table 2 shows the competence framework G of a team
of employees 2. Due to data protection requirements, the processed data has been pseudonymized. The cell

values determine the values of the variables g, ; of the framework G and mean:

e 1-employee P, has competencies to teach the subject Z;(gx; = 1),
¢ {0,1} —employee P, does not have the competencies to teach the subject Z; but can acquire them (g, ; €

{0,1}),
¢ 0-employee P, does not have the competencies to teach the subject Z; and cannot acquire them (g ; =
0).
Table 2. Competence framework G of FECS employees (file “G_base.xIsx” at
https://github.com/erykszw/WEil)
(7]
(5] — .2 o w [72)]
© 5|0 8| 5 |s 8= E w | E C T w59cH
> >5 €| 9 |SSIES Z EIE & 8 el8 FE E
528 §| e |g8xEE 8 s 8 8 8|S C|E
X B 2|23 2 £ |ESI2® CD%B)% o 22 s|lg 8
ISITE| =] ¢ |28BEB2 h5 2 3 o -1
3.8 w| & |SEIZL Gy o2 Bl e gl 3O
NTINE N | g | gl Sl oS S S8INT
| eEINg N N |YE|CE
[\;r N g — =
P;: Perz 1 1 0 0 0 0 0 0 1 0 0
P,: Lejman 0 0 0 0 0 0 1 1 0 0 0
P5: Matuszek 0 0 0 0 0 0 0 0 0 0 0
P,,: Schulz 1 1 0 0 0 0 0 0 1 0 0
P,: Olesinski 1 1 0 0 0 0 0 0 0 0 0
P,-: Wingert 0 0 0 1 0 0 0 0 0 0 0
P,g: Tkacz 0 0 0 0 0 0 0 0 0 0 0
P,q: Klima 0 0 0 0 0 0 {0,1}] O 0 0 0

The lower (s;) and upper (z;,) working time limits for individual employees P are known (Table 3).

In most cases, the lower limit is determined by the statutory working hours of an academic employee (e.g.,
professor 180 hours, assistant professor and university professor 240 hours, lecturer 360 hours), and the
upper limit is twice the value of this number of hours. For example, P;: Perz has a minimum of s, = 180
hours and a maximum of z, = 360 hours, P,: Lejman has s; = 360 hours and z, = 600 hours, etc. It is

assumed that the working hours of individual employees do not change over time.

The realized allocation of subjects X is illustrated in the Table 4. This allocation meets the following

requirements:

o the subjects Z; are realized only by competent employees,

o the working time limits (s, z,) cannot be exceeded.
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Table 3. Working time limits for FECS employees

Sk | Zk Sk | Zk Sk | Zk Sk | Zk
P;: Perz 180|360 P;,:Bajer |240|480| P,;:Ledwon [240[500| P,,:Firlej 240|480
P,: Lejman  |360/600| P;s: Wasinski 360|600 P,q: Kowal [360[600| P,,: Tobolski [180|360
P;: Matuszek [180(360| P;q:Jaros |180(360| P,q: Kaniowski 1901480 | P,,: Rojewska | 340|600
P,: Rzepka |180|360| P;,: Zalewski |360|600| P5,: Baczewski [240/480| P,;: Kawalec |240(480
P-: Dunajski |360|600| P;4: Bugajski |180({360| P;;: Warchol [240[480| P,,: Miler | 20 |120
Pg: Polanski  |120(240| P;q: Knopik |240|480{ Ps,:Ferens |180[400| P,s: Korzen | 50 [120
P: Pieczara [128|360| P,o: Zarzycki (240(480| Ps;3: Mann  [345/600 | P,4: Blaszczak | 20 | 120
Pg: Zaorski  |240(480| P,;:Polus [120|240| P;,: Marczak [240[480| P,,: Wingert | 30 |120
Py: Rek 240(480| P,,: Krygier [360{600| P;s: Lakoma [180[360| P,q: Tkacz |150)|300
P;o: Zajkowski |360|{600| P,5: Pakula |120(240| Ps.: Ciecierski |240[480| P,q: Klima | 50 |100
P;,: Goralski [330{600| P,,: Schulz |160|360| P;,: Cisowski [240/480
P;,: Szumski |360|600| P,5: Olesinski |180|360| P;5: Borkowski 240,480
P;3:Ploch  [240]480| P,q: Switata [240(480] P;q: Banas [180/360

Table 4. Adopted subjects X allocation for FECS employees (file “X_base.xIsx” at
https://github.com/erykszw/WEil)

wn
D 4= .2 %)
5. 05a] g | S|EEELE |,2ED g 182E
S>>y =E| O |E = L2=g® 3 8la & 8
5SSl S o |2z € = 2] El S i 8 2| 2 = O
X 52/8s| z | € |E& &= o §l52 222522
ISITE = S g BB w52 S o B
8.8 »| 8 |3E2ZL g o|x 2 LB mE| I
NTINS| N | G L8, S| 'eS N | 85T
5 [ EING N§ NN E
Sh: =
Py: Perz 0 0 0 0 0 0 0 15 0 0
P,: Lejman oloJof[olo]o 90 | 90 0/o]o
P: Matuszek 0 0 0 0 0 60 0 0 0 0
Pp:Schulz |15 | 0 |0 | o | oo ]|..[o]o|..]..]15]0]o0
P,c: Olesinski | 20 | 15 0 0 0 0 0 0 0 0 0
P,-: Wingert 0 0 0 |45 ] 0 0O |...10 0 [ ... | ... 0 0 0
P,g: Tkacz 0 0 0 0 0 0 0 0 0 0 0
PoKlima | 0 O] O0]0]o0o|o0o]..]0o]o 0] oo

Using the data from Tables 1, 2, 3, 4, the competence framework G, py is searched for, which guarantees
full robustness (R} = 1) to absenteeism:

a) any single employee (w = 1),

b) any two employees (w = 2),

c) any three employees (w = 3).

For this purpose, an implementation of the method in the IBM ILOG CPLEX environment is used
(calculations were performed on a computer equipped with an Intel i7-4770 processor and 8 GB RAM
memory). The obtained solution shows the lack of a competence framework guaranteeing robustness R} =
1 for each variant of absenteeism w = 1, 2, 3. The maximum value of robustness is: R{’ =0.77, RS =0.58,
R2 = 0.43. Competence frameworks G2pr, G3pr, G5pr (Superscript means the variant of absenteeism w =
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1,2,3) guaranteeing the aforementioned values of robustness R2 are presented in the file
“Goptl_Gopt2 Gopt3.xlsx” located at https://github.com/erykszw/WEil.

The results obtained determine FECS’s ability to replace absent employees. For example, the designated
framework GJpr (138 new competencies) allows protecting FECS against the effects of 77% of possible
scenarios of absenteeism of any single employee. Obtaining greater robustness is not possible. Making
further changes in the competence framework does not improve its robustness (the obtained value R; =
0.77 is the robustness of the competence framework filled entirely with 1 values). The reason for this is due
to restrictions on employee time limits. In this situation, you may consider hiring an additional employee.
Therefore, the competencies that new employees should have been sought in order for the competence
framework G guarantees R = 1 robustness in the event of w employee absenteeism (w = 1,2, 3).

The results are presented in the file “Goptl Gopt2 Gopt3 R=1.xlsx”, located at
https://github.com/erykszw/WEil). Expected robustness RA = 1 (w =1,2,3) is possible when the
employed workers will have:

a) 21 competencies enabling the realization of subjects:

Z4’Z71’)Zz3'zz4' Z35,Z4s5: Zo3s 2103, 21140 Z131, Z132) 1340 Z135, Z157) Z158) Z159) Z160: L1660 L1681 Z169, Z170 (CBSE
w=1),

b) 71 competencies enabling the realization of subjects: Z,, Zs, Z¢, Z;, Zo, Z19, Z19, Z21, Z22, Z30 Z24s Za51 Z 26,
Z27'ZZS'Z29'Z3O'Z34—'Z45' ZSl'ZSS' ZS6'ZSS'Z77' Z78'Z79' 284'286' Z93'Z99'2101' 2102'2103'2104—! ZlO7izlllﬁzll4'
2115'2117'2120'2130'2131'Z13212133'2134!Z13512136'21371214-91 215312156121571215812159' 216012161'216212164!
Z1651 2166 2168 2169 21700 2179, 2191, 2196 22015 2203, Z 2040 Z208, Z212 (C8SE 0 = 2),

c) 129 competencies (case w = 3) — see Gapy.

The obtained results show what competencies new employees should possess in order to protect FECS from
the effects of all possible scenarios of employee absenteeism (w = 1, 2, 3). However, it should be noted
that the number of employees to be hired is unknown. For example, in the case of w =1, for 21
competencies, it is possible to hire 21 new employees with one competence each. However, this is an
unusual situation. Therefore, it is possible to hire one employee with all 21 competencies. As can be easily
seen from the Figure 2, there are employees boasting a similar number of competencies in the competence
framework. In the case of w = 2, hiring an employee with the indicated 71 competencies is unlikely.
However, it is possible to estimate the approximate number of employees required based on the average
number of competencies per employee hired. The graph in the Figure 2 shows that, on average, one
employee has 13.2 competencies.

35 32 Average number of
S 30 26 29 M competencies per
) ] employee
2 . 24 23 23 24 pioy
wn
‘S 187 17 1 17 17
5 - 140 s 4 4 i 1 -
£ 15 [T || Tt =i N adls /1w

9 1.0
£ 10 8 16 7 8 88
8 3 1341 4
-
o
o Mcr o oET oo g
o S Se 2 s 2EE8S a0 =22t5%E5°S¢v 255 ScEvoesenes229¢FE38E
S tE2gFsie isER SECC 2Rt 2853532855208 5358¢E¢F¢
E JEE3zEN 283 ¥ ¥TUg0AT 82" 2JE8E e°pE Y3
Employees

Figure 2. Number of competencies per employee
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Therefore, it can be concluded that;

a) in case of the absence of one employee (w = 1), 2 new employees are needed to fill the missing 21
competencies,

b) in case of the absence of two employees (w = 2), 6 new employees are needed to fill the missing 71
competencies,

c) in case of the absence of three employees (w = 3), 10 new employees are needed to fill the missing 129
competencies.

., 15 14 Average number (13.2) of

8); 11 competencies per employee

(=] J

= 10

o

c 7

@ 5

G 5 ,

b 1

E o E—

z 0-5 6-10 11-15 16-20 21-25 26-30 31-35
Number of competencies

Figure 3. Number of employees with a certain number of competencies

In addition, from the histogram in the Figure 3, it can be observed that the most numerous, having between
11 and 15 competencies, is the group of 14 employees. This represents 28% of the hired employees. In turn:
22% of employees have between 6 and 10 competencies, 18% of employees have between 16 and 20
competencies, etc. Only 16% of employees have more than 20 competencies. Therefore, it can be assumed
that by hiring 7 new employees with up to 20 competencies, robustness will be achieved for the case of the
absence of three employees (©0=3).

Conclusions

Complementing the competencies of employees in accordance with the designated competence frameworks
allows avoiding the consequences (e.g., loss of continuity in project realization) caused by employee
absenteeism. The developed method is useful in the robustness assessment of the competence framework,
synthesis of the competence framework guaranteeing a given robustness to given disruptions, synthesis of
the competence framework of newly hired employees.

Implementation of the presented approach in HRMS/CMS class systems will enable early detection of
needs and quick prototyping of alternative decisions in managing competencies of the employees. Such a
solution will allow making personnel decisions while being forced by absenteeism and/or personnel
fluctuation, legislative changes, modifications of the scope of orders, changes in customer requirements,
etc.

In the future, it is planned to extend the model to:

o other types of disruptions encountered in practice, e.g., changes in the duration of activities, the
occurrence of delays in the start/end of activities, etc.,

o stochastic and/or fuzzy data representations,

o assembling project teams with robust competence frameworks,
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Further research will also be directed towards the use of the method in the design processes of production
systems, in which special attention is paid to employee substitutability translating into an increased level
of system reliability (Gola, Pastuszak, Relich, Sobaszek & Szwarc, 2021).

A topic worth considering in terms of future model modification is the assessment of the cost and time
consumption of changes in the competence framework. The presented model assumes that the cost/time of
each acquired competence is the same. By introducing appropriate cost and time parameters, it will become
possible to search for such variants of competence frameworks that can also find their economic
justification.

This work was financed by the "National Science Centre" under research project no. 2019/33/N/HS4/00379
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