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Abstract. Mathematical problems with parameters offer a higher semiotic complexity level of
mathematical activities. The topicality of the research is determined by the fact that there are
no studies on types of parameters in formulations and solutions of probability problems. The
study aims are to analyse the current literature and propose an approach to classify parameters
depending on their nature. Methodology - qualitative content analysis of probability problems
from published textbooks and research papers. The main result - a parameter classification and
interpretation scheme for introductory probability problems. The proposed parameter
classification can help differentiate and individualise the study of probability theory and
statistics.
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Introduction

A mathematical problem becomes more challenging when parameters are
introduced because the inclusion of one or more parameters implies a higher
degree of algebraization and a higher semiotic complexity level for mathematical
activities (Drijvers, 2003; Godino, Neto, Wilhelmi, Ake, & Etchegaray, 2015;
Sedivy, 1976). Parameters act as meta-variables and have a hierarchically higher
position compared to variables in mathematics (Drijvers, 2003).

The article aim is to analyze the current literature and propose an approach
to interpretation and classification of parameters depending on their nature in
introductory probability problems.

The research method is a qualitative content analysis of probability problems
from published textbooks and research papers.

In general, problems with parameters are commonly used in mathematics
courses. A common type of problem with parameters is equations and systems of
equations. One can mention linear and polynomial systems over real, integer, or
finite fields. The introduction of parameters in combinatorics problems
corresponds to the possibility of generalizing these problems for any number of
elements (Krastina, Sondore, & Drelinga, 2015). In courses on linear algebra, one
finds problems involving matrix operations, the rank of matrices, and the
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computation of determinants as a function of parameters. Number theory is an
area where problem complexity and the nature of the solution depend strongly on
the parameters. For example, one can mention problems related to integer
factorization. In polynomial algebra, there are problems related to finding roots
and factorization of polynomials whose coefficients depend on parameters. A
considerable number of problems in probability theory used in school and college
courses are problems with given parameters. Moreover, a probability problem
without parameters in its formulation can be easily transformed into a probability
problem with parameters (PPP). Thus, one can ask the question about possible
types of parameters in probability problems.

The main result of the research- the authors propose to consider primary and
secondary parameters, each of which can be divided into two classes.This work is
a continuation of the study on identifying different types of parameters for
combinatorics problems (Sondore & Daugulis, 2018). Several examples (some
examples were created by the authors) are analyzed in this article to illustrate the
classification presented by the authors. The correspondence of these examples to
other published classifications is determined. First, PPP’s are compared with a
classification of probability problems according to the six levels of algebraic
reasoning given in (Burgos, Batanero, & Godino, 2022). Second, it is determined
how the four levels of understanding and interpretation of the concept of
parameters in algebra (Drijvers, 2003) correspond to parameters by authors’
classification.

The research is relevant because no articles analyzing the role of parameters
in PPP are accessible to college professors and teachers (the target audience of
this work). The parameter classification proposed by the authors indicates ways
to select problems for both generalization and individualization of the university
study of probability theory and statistics.

Literature review

The parameters in a mathematical problem are denoted by letters. The use of
letters is a fundamental step on the way from arithmetic to algebra, as pointed out
by (Furinghetti & Paola, 1994). The use and meaning of letter symbols (signs,
something that denotes something else) is one of the basic problems in learning
algebra since letters and numbers have different roles in the algebraic context
(Bardini, Radford, & Sabena, 2005; Heck, 2001). Studies on the use of parameters
mostly analyze the main methods for solving problems with parameters and the
effects of changing parameters for some families of functions, for solving
equations and inequalities with parameters. Students' misunderstandings of using
parameters in these objects affect their learning of mathematics (Bardini et al.,
2005; Chow, 2011; Drijvers, 2003; Godino et al., 2015; Sedivy, 1976).

Although there are no articles that directly analyze the classification of
parameters in probability problems, there are classifications that can be related to
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it. Probability problems have been studied by authors (Burgos et al., 2022) to
classify tasks according to algebraic levels of reasoning - from proto-algebraic
levels of mathematical activity to higher levels of algebraization and
formalization. A description of these levels according to (Burgos et al., 2022) is
as follows. Proto-algebraic level 1 is characterized by the introduction of some
simple algebraic objects or processes. At proto-algebraic level 2, probabilities are
calculated and the simple inverse proportional equation is formulated and solved.
At the strictly algebraic level 3, in addition to these processes, systems of
equations are set up symbolically and the linear equations are solved by
substitution. Level 4 is characterized by the first appearance of parameters in the
determination of probability, level 5 - by operations with parameters and
statistical inference, but level 6 - by working with algebraic structures - operations
with sets and with probability functions. PPP’s correspond at least to the fourth
level of algebraic reasoning. Looking more closely at the nature of the parameter,
one finds a description of four levels of understanding and interpretation of the
concept of the parameter in algebra - the parameter as a placeholder, changing
quantity, generalizer, and unknown, but the role of the parameter can change
during the problem-solving process (Drijvers, 2003). The authors concluded that
the concept of a parameter in PPP corresponds to all classes of this classification.
Since each possible parameter value defines a specific, simpler problem, the
parameter in PPP is a placeholder. The parameter as a changing quantity in PPP
means that the solution formula changes significantly. The parameter as a
generalizer in PPP means that it is necessary to obtain a general parametric
solution with a reification of the formulae. Consider the following example: find
parameter values for which the probability of an event is 0. In this case, the
parameter is unknown.

Methodology

In probability theory, parameters are used to describe distributions such as
the binomial or normal distribution. In this paper, the authors use parameters in a
different application sense - this study is concerned with parameters in
formulations and solutions of introductory probability problems. These problems
are concerned only with procedures such as: finding the number of combinations
without repetitions; calculating simple and composite probabilities with the
product rule or the sum rule.

Remark. The total number of subsets of n distinct objects taken k at a time
can be calculated by combinations C. The notation of combinations is taken from
the standard learning materials in Latvia, see (Krikis & Steiners, 2001; Smotrovs,
2004; Uzdevumi.lv, 2022), where the parameters n and k are non-negative
integers n > k. Therefore, it must be taken into account that, for example, the
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value ¢/ is not defined. Although one could extend the bounds on the parameters
n and k to define the number of subsets by C¥ = 0 if n < k.

The authors conducted a qualitative content analysis of introductory
probability tasks. A number of these tasks was selected and then solved. Solutions
were investigated if they were given. The problems studied correspond to the level
of knowledge of the last year of secondary school, but mainly to the level of
university probability theory and statistics. Formulations and solutions of
probabilistic problems were studied in published textbooks and research papers
(Aigner, 2007; Anderson, 2004; Andreescu & Feng, 2004; Conroy, 2018; Gusak, &
Brichikova, 2002; Krikis & Steiners, 2001; Krikis, Zarins, & Ziobrovskis, 1996;
Meshalkin, 1973; Ross, 2010; Roussas, 2007; Smotrovs, 2004; Steiners, 2001).
Other resources were also analysed, for example (Uzdevumi.lv, 2022) and an
online calculator for dice probabilities (Sas, 2021).

Parameters in formulations and solutions of introductory probability problems
are classified according to the type of parameter. By this, the authors mean the
following aspects of the problems:

e  presence or absence of explicit parameters in the problem formulation;

e introduction goals for parameters, if they are introduced in the solution

process;

e description of the parameters and their ranges of values.

A parameter classification scheme

The authors propose to consider two classes of parameters for introductory
PPP, each of which can be further subdivided into two subclasses. If the
probabilistic problem already has a lettered parameter in its formulation, the
authors suggest that it be called the primary parameter. A parameter is called
secondary if it is introduced in the problem-solving process.

It is noted that there are two types of primary parameters depending on
whether the parameter specifies the number of elements or the probability of an
event. An enumerative primary parameter is a variable that takes values in a
subset of the non-negative integer set N,. Accordingly, a probabilistic primary
parameter is a variable that takes values in the interval [0;1]. Secondary
parameters can be divided into two classes, depending on the purpose of their
introduction. If several subcases have to be considered in the solution, the answers
for these cases are very different and no simple single formula is possible, it is
necessary to code these subcases with hidden parameters. If the purpose of
introducing a parameter is to facilitate the process of solving the problem, such a
parameter can be called an auxiliary parameter.

In the following, the authors give examples with different parameters. The
research results (Sondore & Krastina, 2018) indicate that students have
difficulties solving combinatorial problems related to real situations. Therefore,
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the problems included are related to experiments and games. Note that in any
introductory PPP, the challenge is to identify special cases (extreme points) in the
parameter domain and divide them into sub-domains so that all parameter values
for a given sub-domain have the same solution formula.

Ex.1. gives an experience of interval splitting for the primary parameter
domain and the need to check the answers to the solution given in the textbook.
PPP from Ex.1. and Ex. 2 can be used for constructing multiple individualised
tasks using different specific parameter values.

Ex.1. There are n tickets in a lottery, of which m are winners. How large is the
probability of a win for a person holding k tickets? The answer is 1 —

k
tn-m (\Meshalkin, 1973).

Cx

The textbook answer is without specifying conditions for the enumerative
primary parameters n, m, k. The solvers themselves must recognise possible
values of the parameters. n, m, and k are non-negative integersandn > k, n = m.
However, the review showed that not all conditions were found. The given answer

7
1-— Cc—j Is false for values n=10, m=4, k=7. This numerical test makes it possible

10

to find the not-so-obvious condition k < n —m, the number k of tickets cannot
be greater than the number of tickets without winning. The correct answer to Ex.1
can be found in Table 1. Ex.1 corresponds to algebraic reasoning level 4. The
roles of the parameters n, m, and k can change during the solution process. n, m,
and k are placeholders when the probability for a certain number of lots (hnumber
of tickets) is found; they are generalizers - when the general solution is
constructed. The parameter k is unknown, but n and m are placeholders at the
same time when the solver asks for which values of k the probability of winning
is greater than 0.5. The parameters are changing quantity if, for example, the
solver realises that for values n=10, m=4, k=7 the formula given in the textbook
is wrong.

Table 1 The answer of Ex.1 (created by the authors)

Global condition
n€ N,,m € Ny, k € Ny, the probability
interval splitting for k and m
k<n—-m;n=m . ck ..
Cn
n=k>n—m,n=m 1

Ex.2. A password is any 10-digit number. What is the probability that
a digit k occurs exactly m times in a password?
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There are two enumerative primary parameters k and m. The global condition
fork: k € N,, but the possible values of the parameter k are distinguished into
two subdomains - k is zero and k is non-zero (0 < k < 9). After checking the
answer for possible values of parameter m, the range of m is divided into three
intervals. The global conditions and sub-domains for the parameters and the
answer with brief explanations can be found in Table 2. For all other cases, the
answer is 0. Ex. 2 corresponds to algebraic reasoning level 4.

Table 2 The answer of Ex.2 (created by the authors)

k,m € N, k=0 0<k<9
m=0 cr-gto-m g \10-m C'-8-99"m 8 ,9\°™
9-10° (10) 9-10° 9 <10>
10-digit number does not have a 10-digit number does not have a
digit 0, digit k (k#0),
0<m<10 c - glo-m cml.9l0-mycm.g.go-m
9-10° 9-10°
The digit 0 occurs exactly m times | The digit k (k#0) occurs exactly m
but 0 is not in the first position, times;
m =10 0 cp-t.glo-m 9
The digit 0 occurs exactly 10 9-10° 109
times If the digit k (k#0) occurs exactly
10 times then the number is
kkkkkkkkkk

Ex.3. An infinite sequence of independent trials is to be performed.
Each trial results in success with probability p and a failure with
probability 1 — p. What is the probability that (a) at least one success
occurs in the first n trials; (b) exactly k successes occur in the first n
trials;(c) all trials result in successes? (Ross, 2010)

This exercise has three parameters with the following domains: an interval
[0; 1] for a probabilistic primary parameter p, the set N for n and a subset of N,
for k (both n and k are enumerative primary parameters). The answer to part (a) is
1—(1—p)* where (1—p)"isthe probability of the complementary event (no
successes in the first n trials). The probability to part (b) for a Bernoulli trial if
n > kisgivenby C¥ - p* - (1 — p)™ . To answer part (c), at first, the probability
of the first n trials all resulting in success is found p*. To calculate the limit
lim p™ the domain [0; 1] is divided into subcases. If p=1 then lim p™ = 1. If

n—-0o n—->0o

p € [0; 1) then lim p™ = 0. Ex. 3 corresponds to algebraic reasoning level 5. The
n—-oo

role of the parameter p can change when a problem solver uses different
approaches: p is a placeholder for certain numerical values; p is a generalizer -
when the general solution is constructed from solutions for specific p values; p is
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an unknown when the problem is to find out for which values of p the probability
that all trials result in successes is 1. The parameter p as a changing quantity means
that the problem solver recognises that for p=1 and p=0.4 the probability that all
trials result in successes is different.

Ex.4. A participant in the lottery "Latloto 5 no 35" has sent two completed
cards to the same lottery. Determine the probability that the participant will
win two minimum prizes in the current draw (for each card exactly three
numbers of the "Latloto 5 no 35" lottery results match).

Table 3 The answer of Ex.4 (created by the authors)

n €N, the number of favorable cases the probability
n=0orn>6 0 0
1 C2-C? =36 0.0001
2 Cl-cl-cl,+cC}-c?-c%=261 0.0008
3 Cl+C}-C}-C}-Clg+Ch =717 0.0022
4 C?-Clo+C}-C% =1798 0.0055
5 C3-C% = 4350 0.0134

For a description of the "Latloto 5 no 35" lottery, see (Latvijas loto, 2022).
Ex.4 has no primary parameters. C3s = 324632 is the number of possible filling
combinations. The probability of getting two minimum wins depends on the
number of matching numbers in these two cards. Therefore, the hidden secondary
parameter n € N, is introduced for the number of matching numbers in two cards.
If n=0 or n > 6, then the probability of the participant receiving two minimum
wins in the current draw is 0, but for other values, the number of favourable cases
iIs calculated by different formulae given in Table 3. Ex. 4 corresponds to algebraic
reasoning level 4. The hidden secondary parameter n is a placeholder for the
cardinality of the matching numbers in these two cards. The parameter n has the
role of a changing quantity when the solver realises that the answers for different
values of n involve very different forms and no simple single formula is possible.

Ex.5. Find the probability of rolling an exact sum n out of the set of four
six-sided fair dice (Sas, 2021).

This example demonstrates the solution process with an auxiliary secondary
parameter. The sum n satisfies the global condition n € N, but there are a number
of non-zero cases only for 4 < n < 24. Let U be the set of sequences of
X1, X5, X3, X, Which satisfy the equation (1). The cardinality |U| = C2_;.

x1+x2+x3+x4=n. (1)
where n —sum of four six-sided fair dice,
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x;- positive integer for each index i € {1; 2; 3; 4}

For each index i€ {1;2;3;4} one introduces two sets of sequences
X1, X, X3, X, Which satisfy the equation (1), A; additionally satisfies the inequality
x; > 6, but A, - the inequality x; < 6. Using the stated notions one must find the
cardinality |A; N A, N 4; N A,], see (Sondore & Daugulis, 2018).

Table 4 The answer of Ex.5 (created by the authors)

neN the probability of rolling an exact sum n out of the set of four
six-sided fair dice
n <3and25< n 0

4<n <9 k=0 Ca_y
1296

10 < n <15,k=1 C: ,—4-C3_,
1296

16S n S 21, k:2 63_1_4"673:_74'6'6‘3_13
1296

22 S n S 24‘, k:3 Crs-:_l - 4’ - C3_7 + 6 - CTS;_13 - 4’ - CTS;—lg
1296

In this step, an auxiliary secondary parameter k is introduced, k being the
maximum number of roots (which are greater than 6) of equation (1). The aim of
this step is to simplify the explanations of the problem-solving process.

Case k=0 determines subdomain 4 < n < 9 because it is not possible that
some integer x;, x,, X3, X, 1S greater than 6 but the sum x; + x, + x5 + x, still
belongs to the interval [4;9]. Therefore for each index i € {1;2;3;4} the
cardinality of the set 4; iszeroand |[A; N4, NA; N A, = |U|—0=C}3_,.

Case k=1, the equation (1) may have at most one root x; > 6 that
determines subdomain 10 < n < 15. The solution for placeholder n=10 is
analysed in more detail below. At first the explanation of finding cardinality |4, |
Is given. For this set of sequences A, the root x; > 6. Assume that integer z, =
6, it is the maximal possible value for fair dice. Thenn —z; = 10 — 6 = 4, the
rest of the sum 4 is expressed as the sum of four terms y; + y, + y; + y, = 4,
(where y; are positive integers for each i € {1;2;3;4}). The root x; of the
equation (1) will bex; =z, +y; > 6 but each y; is not greater than 6.
|A,| = C3 = C3_,. Any of the other roots x; may be greater than 6, therefore the
number of redundant possibilities for n=10 is Y};|4;| = 4 - C3_,. The answer for
other values of n within the range 10 < n < 15 is calculated arguing similarly.
Therefore

|A_10A_20A_30A_4| = |U|—Zi|Ai| =CS—1_4'CS—7-
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The case k=2 determines a subdomain 16 < n < 21 but the case k=3
determines a subdomain 22 < n < 24. The solution for these cases is analysed
in more detail in (Sondore & Daugulis, 2018). The number of all possible cases
IS 1296. The obtained formulae are summarized for six subdomains of the
parameter n in Table 4. The general formula for probability is quite complex. Ex.
5 corresponds to algebraic reasoning level 6. In this problem, the auxiliary
secondary parameter k determines the number of summands in the formula of the
Inclusion-Exclusion principle. The parameter k is a placeholder and its role does
not change during the solution process. The role of the enumerative primary
parameter n changes during the problem-solution process (placeholder, changing
quantity, and generalizer). Ex. 5 also provides a way to individualize the learning
process by choosing different values for the parameter n for different students.

Conclusions

A considerable number of introductory probability problems with higher-
order variables - parameters have been analysed. The authors have obtained a
classification of the parameters for the probability problems, which have the
following characteristics: determination of the number of combinations;
calculation of simple and compound probabilities. The classification depending
on the type of parameters in introductory probability problems is as follows:

e  primary parameters: enumerative or probabilistic;

e secondary parameters: hidden or auxiliary.

When selecting an introductory PPP with the desired parameter types and
algebraic reasoning levels, a teacher can design tasks with different difficulty
levels by using different parameter values. In this way, the proposed parameter
classification can be useful in differentiating and individualizing the college-level
study of probability theory and statistics required in the current period of distance
learning. PPP’s provide experience and skills in partitioning parameter ranges and
finding general formulae for subcases. Reviewing the answers to the solved PPP
In the textbook provides the experience to check the permissible values (domain)
of the parameters.

References

Aigner, M. (2007). Discrete Mathematics. American Mathematical Society, Providence.

Anderson, J. A. (2004). Discrete Mathematics with Combinatorics. With the assistance of J.
Lewis, O.D. Saylor, 2nd ed., Upper Saddle River: Pearson.

Andreescu, T., & Feng, Z. (2004). A Path to Combinatorics for Undergraduates. Boston:
Birkhauser.

Bardini, C., Radford, L., & Sabena, C. (2005). Struggling with variables, parameters, and
indeterminate objects or how to go insane in mathematics. Retrieved from
https://www.emis.de/proceedings/PME29/PME29RRPapers/PME29Vol2BardiniEtAl.p
df

269


https://www.emis.de/proceedings/PME29/PME29RRPapers/PME29Vol2BardiniEtAl.pdf
https://www.emis.de/proceedings/PME29/PME29RRPapers/PME29Vol2BardiniEtAl.pdf

Sondore & Daugulis, 2022. Parameters in Formulations and Solutions of Introductory
Probability Problems

Burgos, M., Batanero, C., & Godino, J.D. (2022). Algebraization Levels in the Study of
Probability. Retrieved from
https://www.researchgate.net/publication/357371988 Algebraization_Levels_in_the_ St
udy of Probability

Chow, T.C.F. (2011). Students' difficulties, conceptions and attitudes towards learning
algebra: an intervention study to improve teaching and learning. Doctoral dissertation,
Curtin University, Science and Mathematics Education Centre. Retrieved from
https://core.ac.uk/download/pdf/195632071.pdf

Conroy, M.M. (2018). A Collection of Dice Problems. Retrieved from
https://www?2.karlin.mff.cuni.cz/~nagy/NMSA202/dicel.pdf

Drijvers, P. (2003). Learning Algebra in a Computer Algebra Environment: Design Research
on the Understanding of the Concept of Parameter. Ph.D. Dissertation, University of
Utrecht, Utrecht, The Netherlands. Retrieved from
https://dspace.library.uu.nl/bitstream/handle/1874/886/full.pdf

Furinghetti, F., & Paola, D. (1994). Parameters, unknowns and variables: a little difference? In
J.P. daPonte & J.F. Matos (Eds.), Proceedings of the 20th Conference of the International
Group for the Psychology of Mathematics Education, Vol 2 (pp. 368-375). Lisbon:
Departamento de Educacao, Faculdade de Ciencias da Universidade de Lisboa.

Godino, J.D., Neto, T., Wilhelmi, M., Ake, L., & Etchegaray, S. (2015). Algebraic reasoning
levels in primary and secondary education. CERME 9 - Ninth Congress of the European
Society for Research in Mathematics Education, Charles University in Prague, Faculty of
Education; 426-432. Retrieved from https://hal.archives-ouvertes.fr/hal-
01286917/document

Gusak, A.A., & Brichikova, E.A. (2002). Teorija verojatnostei. Minsk: TetraSistems.

Heck, A. (2001). Variables in Computer Algebra, Mathematics, and Science. International
Journal of Computer Algebra in Mathematics Education, 8, 195-221. Retrieved from
https://staff.fnwi.uva.nl/a.j.p.heck/research/art/variables.pdf

Krastina, E., Sondore, A., & Drelinga, E. (2015). How to Promote Text Comprehension with
Pupils of Grades 1-6 when Teaching to Solve Combinatorial Problems. Acta
Paedagogica Vilnensia, 35, 67-80.

Krikis, D., Zarins, P., & Ziobrovskis, V. (1996). Diferencéti uzdevumi matematika. Riga:
Zvaigzne ABC.

Latvijas loto. (2022). Pieejams: https://www.latloto.lv/Iv/latloto/

Meshalkin, L.D. (1973). Collection of problems in probability theory. Leyden: Noordhoff
international  publishing.  Pieejams:  https://www.gwern.net/docs/statistics/1973-
meshalkin-collectionofproblemsinprobabilitytheory.pdf

Ross, S. (2010). A first course in probability. Eighth Edition Retrieved from
http://julio.staff.ipb.ac.id/files/2015/02/Ross_8th_ed_English.pdf

Roussas, G. (2007). Introduction to Probability. Burlington Academic Press.

Sas, W. (2021). Dice Probability Calculator. Retrieved from
https://www.omnicalculator.com/statistics/dice

Sedivy, J. (1976). A Note on the Role of Parameters in Mathematics Teaching. Educational
Studies in Mathematics, 7(1/2), 121-126.

Smotrovs, J. (2004). Varbiitibu teorija un matematiska statistika. Riga: Zvaigzne ABC.

Sondore, A., & Daugulis, P. (2018). Combinatorics Problems with Parameters. 18th
International Conference "Teaching Mathematics: Retrospective and Perspectives”,
Proceedings, 51-59.

Sondore, A., & Krastina, E. (2018). The Comprehension of Elements of Combinatorics in Real-
Life Situations for Primary School Students. In P.Blaszczyk, B.Pieronkiewicz (Eds.)

270


https://www.researchgate.net/publication/357371988_Algebraization_Levels_in_the_Study_of_Probability
https://www.researchgate.net/publication/357371988_Algebraization_Levels_in_the_Study_of_Probability
https://core.ac.uk/download/pdf/195632071.pdf
https://www2.karlin.mff.cuni.cz/%7Enagy/NMSA202/dice1.pdf
https://dspace.library.uu.nl/bitstream/handle/1874/886/full.pdf
https://hal.archives-ouvertes.fr/hal-01286917/document
https://hal.archives-ouvertes.fr/hal-01286917/document
https://staff.fnwi.uva.nl/a.j.p.heck/research/art/variables.pdf
http://www.journals.vu.lt/acta-paedagogica-vilnensia/article/view/9191/6919
http://www.journals.vu.lt/acta-paedagogica-vilnensia/article/view/9191/6919
https://www.latloto.lv/lv/latloto/
https://www.gwern.net/docs/statistics/1973-meshalkin-collectionofproblemsinprobabilitytheory.pdf
https://www.gwern.net/docs/statistics/1973-meshalkin-collectionofproblemsinprobabilitytheory.pdf
http://julio.staff.ipb.ac.id/files/2015/02/Ross_8th_ed_English.pdf
https://www.omnicalculator.com/statistics/dice

SOCIETY. INTEGRATION. EDUCATION
Proceedings of the International Scientific Conference. Volume I, May 27", 2022. 261-271

Mathematical Transgressions 2015 (pp.205-219).Towarzystwo Autorow i Wydawcow
Prac Naukowych universitas, Kracow.

Steiners, K. (2001). Algebra 10-11. klasei. 6.dala. Riga: Zvaigzne ABC.

Uzdevumi.lv (2022). Macibu vadibas platforma. Pieejams:
https://www.uzdevumi.lv/p/matematika/11-klase/kombinatorikas-elementi-2162

271


https://www.uzdevumi.lv/p/matematika/11-klase/kombinatorikas-elementi-2162

