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Abstract: The article presents two elements of the concept of a linear
algebra lecture for economics studies. It attempts to demonstrate the
significant role of ordering of the lectured content — with a focus on starting
the lecture with systems of linear equations, and shows the considerable
benefits of infroducing the concept of the reduced row echelon form of
matrix as one of the most useful concepts of linear algebra.
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1. Infroduction

The last few years have been a period of significant change in the
teaching of mathematics and quantitative research methods at universities
ofeconomics (and all the others) in Poland. The reason lies in two main,
mutually reinforcing factors — a significant reduction in the level of
mathematics matriculation requirements and, simultaneously, decreasing
the number of hours devoted to lectures on quantitative methods during
studies. Attempts to clear up the confusion caused by these changes by
adopting in 2005, the new “Law on Higher Education” 1 (standardization of
names and curriculum content while reducing — by roughly one-third — the
total number of hours devoted to lectures), did not produce the expected
positive effects. As a result, from 1 October 2011, an amendment to the said
Act entered into Piotr Dniestrzanski 44 force 2 , which will also not cause a
radical improvement of the situation. The most important change in the
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amendment relates to more freedom to shape the curriculum for some (by
definition more prestigious) universities. The

effects of the current six years of educational standards on the level of
mathematics teaching in universities of economics are treated in the paper
of Maciuk (2011). An analysis of teaching standards introduced in 2005, can
be found in an article by tyko (2007). In his article Dniestrzanski (2011),
conducted a discussion on the impact of changes in the education market
in recent years, and the problems with the choice of field of study for high
school graduates who are going to be educated in mathematical
economics in a broad sense.

Systems of linear equations play a very important role in mathematics
courses of all economics majors. The method of lecturing on this batch of
material and its position in the course is often, in terms of the expected
educational effects, not suitable. This is probably the result of
underestimating the importance of this part of linear algebra in the
understanding by the students of the next parts of the educational material.
Problems with grasping this part of material have a definitely negative
impact on the understanding of other subjects of linear algebra, which is a
part of the mathematics course for all economics majors. This in tfurn causes
problems in the reception of classes of some quantitative subjects such as
econometrics, statistics

and forecasting and simulations.

Reduced matrix.The concept of the reduced maitrix is very useful and
relatively easily absorbed by the students. Mastering the matrix reduction
techniques allows

it to be used in a number of algebraic problems. Below is the definition
of an example of the reduced matrix. 3

Definition.Row Reduced matrix (or briefly, reduced matrix) is a matrix in

which for each non-zero row there is at least one element, which is the
only non-zero element in its column.

Example 1. Let

0 0 30

A=|0 [8] 0 4|,B=

[7] o0 1 0

4 0 0 =5 0 2 0 [
8 0 C={0 0 0 0 0
0

5] o 7 Bl 1 2 o0

0
0

Matrices B and C are reduced, and A is not a reduced matrix.
Elements referred to in definition 1 (which are the only non-zero elements in
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their columns) have been marked. Note that in matrix A in the second row
item 4 could also be marked - it is also the only non-zero element in its
column.

Systems of linear equations.Solving systems of linear equations by
reducing the augmented matrix is a natural and easily understood
technique. It can be used even without a precise definition of the concept
of the reduced matrix.

Example 2. Let us consider the system of equations

3x+2y—6z=3
x—3y—-2z=-10.
—X+y+2z=

Determinants.The
components of matrix reduction may be used in the practice of calculating
square maltrices determinants, especially if the students have already
mastered the technique of reduction. Take the following example.

Example 3. (The arrow indicates the column for which the Laplace

4
3 5 1 o
> II' o w, — 2w,
7 O 2 —3 T 1 —10 O —3_
2 2 4 —10 —18 O 7l
w, — 4w,
E 1 0 = —2 1 (0] 7
1 —10 —3|w;, + 10w,
=1-(—D'"?|—10 —18 7 =
= [1] 7 |ws + 18wy
—19 0 67
a|—19 67
—1-]—a46 0 133|=1-(—1)>*2 -
—46 133
—2 1 7
=(—1)(—19-133 —-67-(—46)) = —555.

transform is used)

The possibility of using the elements of matrix reduction for the
calculation of the determinants is clear and is to be found in practically
every linear algebra course. However, the use of the matrix reduction by
students prior to solving systems of linear equations and testing linear
independence of vectors, causes that, when reaching the nofion of
determinants (or successive elements of linear algebra where you can also
use this technique), the ability is already known, mature and does not cause
any difficulties.

Conclusions

Limiting the number of hours of classes for quantitative subjects in
economics majors and limiting mathematics education in high school
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enforces the concept of fundamental change in providing lectures and
exercises in mathematics. The elements of linear algebra offered to students
(more or less boiled down to those listed in Table 1) can be greatly
enhanced using the concept of reduced matrix and the matrix reduction
techniques. The presented examples of its applications have been used and
successfully tested in practice in mathematics courses in various economics
related studies at the Wroclaw University of Economics. The degree

of mastery achieved by the students, that has been proved with regular
tests and revised during final exams, shows that the concept is at least
worthy of consideration. The specificity of economics studies in which
mathematics is an auxiliary subject, puts great pressure on students to
master the skill in the use of mathematical tools. The elements of the lecture
concept of the algebraic part of the mathematics course can help to
achieve this effect.
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