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Abstract. In this article we describe the first part of a case study, which was made
with 48 Engineering Management students. The participants of the case study were
MSc level students at the Szent Istvan University, G6dolls. We looked for methods by
which we can support the most important components of competence motivation and
the development of mathematical and other key competences during the mathematics
lessons and individual learning. Another goal of our research was to get reliable informa-
tion about students learning methods and their awareness of self-efficacy, furthermore
their achievement in the subject of Engineering and Economic Mathematics. Detailed
assistance was provided for the students in the e-learning portal. Knowledge tests, ques-
tionnaire and personal interviews with the students were also used. As an example we
introduce one of the knowledge tests connected with the first half of the course about
linear programming and graph theory. We detail its didactical background and show
the results of the students.

Key words and phrases: Competence motivation, achievement control, graph theory,
operations research, economics, teacher-student interaction.
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Introduction

In Hungary and abroad there is a common dilemma in non-specialized math-
ematics teaching in higher education that while the demand for the application
of mathematics increases, time and energy for mathematics is not changed or has
even dropped ([2], [4], [8]). The author has taken part in this type of education
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as a teacher of mathematics for nearly 10 years now. Based on a questionnaire
survey conducted earlier by the author, we can say about both the basic and the
master courses that the majority of students enrolled in the university led by the
interest in the chosen profession, not by the love for mathematics ([3], [11]). For
them, it is not effective enough to describe the curriculum in more detail or to give
more explanation on consultations or to provide other professional help because
using these helps effectively assumes competence motivation ([1], [7]). We were
looking for didactical solutions, which favorably affect the vision of the students
in their own effectiveness in solving mathematical problems.

The feasibility of intentions of the choosen methods and the correctness of our
preferences was tested in a case study. The 48 participants of the case study were
Engineering Management students on MSc level at the Faculty of Mechanical En-
gineering of the Szent Istvan University, G6dolls. ([12]) They were involved in the
case study during one whole semester in the subject Engineering and Economic
Mathematics. “The purpose of teaching the subject: Transfer of such further ba-
sic mathematical and statistical knowledge, based on the previous mathematical
subjects, which besides the mathematical needs of technical subjects helps the use
the most important decision-support models in the technical management field.
Particularly: Additional knowledge of the vector analysis, ordinary and partial
differential equations and models in the field of economics. Further purpose of the
subject is to develop new skills to apply the knowledge in computational meth-
0ds.” ([10]) The subject is expected to enrich the mathematical knowledge and
problem-solving techniques, analytical and decision-making skills, the conceptual
and algorithmic thinking in the technical and economic fields. They had four
learning units in mathematics. Each unit had a special topic and took 5 hours.
The first topic was linear programming, the second was graph theory, the third
was game theory and the last one was differential equations.

In this paper we are going to present the first part of a case study. In the sec-
tion “Theoretical background ”we describe the following: Competence motivation
and competence acquisition, About the mathematical exactness and The goals of
the case study. Section “Knowledge test in linear programming and graph theory
”is the central part of the paper, we give a documentation of the Knowledge test
connected to the first half of the course: linear programming and graph theory.
We describe the didactical background of the knowledge test and show the re-
sults of the students:The tasks and their aims, The table of preferences (Table
1), Students achievements. Section “The students feedback, reflection ”is about
the students feedback and reflection. In the section “Discussion ”we point out
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some additional problems: The allowed tools at tests, The problem of remedial
teaching and Computer programs related to the subject. The last section is a
short summary of the results.

Theoretical background

Competence motivation and competence acquisition

In a case study conducted in the 2015-16 academic year an important goal
was besides the transfer of mathematical knowledge set up by the syllabus the
development of competence motivation and key competences ([4], [7]). The ma-
jority of students were adults (85 %), who had bachelor degree and have worked
for years. Thus, on the basis of work experience they have more accurate vision
of the profession’s expectations, and the usability of the learned knowledge. It is
especially important to show these students that they get (even directly) usable
knowledge. This idea is supported by the realistic questions placed in situations
they know and also by methods of examination and performance feedback which
serve to strengthen the self-image. There was a natural way to develop a num-
ber of mathematical and non-mathematical competence in connection with the
curriculum:

— simplex method chart,

— application of simplex method,

— input-output model of Leontief interpretation and application,

— Euler line in practice,

— Hamilton circle in practice,

— minimum spanning tree algorithm of graph,

— shortest path algorithm of graph,

— computational skills,

— precise knowledge of concepts,

— reading comprehension,

— rule-following competency (understanding of a complicated algorithm,
correct and accurate tracing),

— staying focused on tasks (the maintenance of attention, disciplined work),

— communication (accurate expression of thoughts, writing skills, spelling,
neat appearance of hand writing),

— connection to the everyday life,

— creativity.
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Mathematical exactness

Mathematics educators and teachers of other subjects based on mathematics
agree that the curriculum taught must be mathematically correct. However,
due to the divergent nature of the image about mathematics and mathematics
learning, almost everyone has a different interpretation of mathematical exactness.

According to Istvan Reiman “there are different levels of the exactness. Ob-
viously, a different image is created in a primary school than in secondary school
about the same things. In high school, however, there are things we have to tell
exactly because our aim is to teach students to be aware of what they are talking
about, what is a coordinate system, what is a rectangle, what are the functions
and vectors. In high school a certain level of exactness can be achieved, but if
the present level of the mathematical exactness were forced to be used by the
students, we could be in the same situation as the English railway workers. The
English railway workers go on strike such a way that they keep every written
rule. If the English railway workers have complied with all the rules, they cannot
start the trains, because so many rules must be taken into account that it would
be impossible to start trains. In mathematics it is in the same situation. If we
tried to achieve the highest level of exactness in high school (trying to define
mathematical concepts in the language of mathematical logic) it would be incom-
prehensible for children. We try to reach the highest possible level of exactness,
which is appropriate to the level of knowledge of the students’. The exactness is
an essential educational goal, but only as much of abstract concepts should be
used as much is still easy for the students to understand.” ([6])

According to Pdélya, mathematics does not necessarily have to be approached
on the basis of strict logical order: “The mathematics has two faces: on one hand
mathematics is a rigorous science of Euclid, on the other hand also something
else. The mathematics discussed in Euclidean way - while one is working with it -
is experimental, inductive. Both faces of mathematics are as old as mathematics
itself.” ([9])

While constructing the teaching material we have to show examples for dif-
ferent mathematical activities to stimulate the birth of ideas, conjectures, to use
the intuition, to develop creativity, as well as to find out and track a long complex
logical chain. Obviously, a different level of exactness is needed for the written
and the spoken content.

During the selection of the curriculum and placement of the focal points we
tried to take into account the above considerations. We tried to teach versatile
methods and show their usefulness. During the selection of the specific problems
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to be solved we tried to connect the interest and everyday organizing, managing
activities of the students. Prim’s algorithm had been taught finding the minimum
spanning tree because its start is simple (take a point in the graph) and it becomes
only gradually more and more complex. Dijkstra’s algorithm had been taught
finding the shortest path because the number of edges was not large and the
edges weights were nonnegative.

The goals of the case study

In this case study we looked for methods by which we can support the most
important components of competence motivation and the development of mathe-
matical and other key competences during the mathematics lessons and individual
learning of Engineering Management students.

Another goal of our research was to get reliable information about students
learning methods and their awareness of self-efficacy, furthermore their achieve-
ment in the subject of Engineering and Economic Mathematics. Detailed assis-
tance was provided for the students in the e-learning portal. Knowledge tests,
questionnaire and personal interviews with the students were also used. The most
important parts of the achievement-feedback were the test and the examination.

The mid-term knowledge test which was introduced by the author has the
following didactic purposes:

— It increases the importance of the regular work during the semester.

— It gives actual feedback about the success or failure of the learning process.

— The first part of the curriculum was checked only in the test and the second
part only in the exam. With this we didn’t just want to encourage continuous
learning, but also facilitated a more even distribution of students burden as well.

The criteria of being allowed to take the exam was reaching 40 % of the
points of the test, and the points received on the test were added to the result
of the exam, thus the test directly influenced the result of the exam. The test
could be repeated once. The requirement of the subject is an at least 51 %
performance in the test and the exam altogether. Students had a full access of
the lectures presented on the E-learning Portal of Szent Istvan University under
the following titles: Operations research, Input-output model of Leontief, Basics
of Graph theory ([5]), Summary of Graph theory.
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Knowledge test in linear programming and graph theory

The students had to fill in a worksheet. They were allowed to use all kinds
of written tools writing the test. The test consisted of five tasks, which were not
independent of each other. In what follows we show the tasks, some responses of
students and some didactical comments about tasks and responses.

The tasks and their aims

Task 1: In a toy factory 50 decagrams (dkg) plastic and 20 dkg textiles are
used for producing a doll. For producing a kitty 10 dkg plastic, 40 dkg textiles
and 10 dkg of metal are used. For a soldier 10 dkg plastic, 30 dkg textiles
and 60 dkg of metal are needed. The company has 300 dkg of plastic, 300
dkg of textiles and 250 dkg of metal available. The profit on a doll is 1000
HUF, on a kitty it is 200 HUF and on a soldier it is 700 HUF. Write down
the starting simplex chart of the problem.

Task 2: A society has four business areas: teacher, doctor, lawyer and
farmer. In order to train a 1-HUF worth teacher we need a 0.4-HUF worth
teacher, a 0.05-HUF worth doctor and a 0.3-HUF worth farmer. In order to
train a 1-HUF worth doctor we need a 0.3-HUF worth teacher, a 0.1-HUF
worth doctor, a 0.05-HUF worth lawyer and a 0.4-HUF worth farmer. In order
to train a 1-HUF worth lawyer we need a 0.2-HUF worth teacher, a 0.1-HUF
worth doctor, a 0.2-HUF worth lawyer and a 0.4-HUF worth farmer. In order
to train a 1-HUF worth farmer we need a 0.05-HUF worth teacher, a 0.3-HUF
worth doctor, a 0.05-HUF worth lawyer and a 0.2-HUF worth farmer. The
society needs teachers of the value of 10 thousand HUF, doctors of the value
of 15 thousand HUF, lawyers of the value of 5 thousand HUF and farmers of
the value of 5 thousand HUF. Write down the consumer matrix and demand
matrix! What is the amount of HUF of the doctors they have to train, if the
approximate of the inverse matrix needed for the solution is given in Figure 1.

2 1 1 05
0.5 1.6 06 0.7
0 01 1 0
1 1 1 2

Figure 1: The inverse matrix
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The first two tasks were used to measure whether the students were able to
find the algorithm for the task based on that text. After finding the appropriate
algorithm the problem can be solved, even with the help of a program.

The second part of the Task 2 consists of minimal counting (multiply two
matrices) and of an interpretation (to find the proper element of the matrix
product: “What is the amount of HUF of the doctors...”).

The required competences in these two exercises in addition to the math-
ematical exactness “reading comprehension” and “connection to the everyday
life”. The problems relate to real situations, although obviously oversimplified.
The students have to find the data of the table needed for the solution of the
problem from a long, complicated text full of data. The table must be arranged
according to a specific rule; otherwise they cannot solve the task the way taught.

Task 3: Solve the problem by using simplex method. The starting chart
is given in Figure 2. Explain your steps. Find the value of the variables.
(Write down the full 4-dimensional vector.) What is the maximum value of
the objective function?

1 | X9 | 21| 22| b
2z 121 18
z| 1 |-1]0 6
c| 5410100

Figure 2: Starting simplex chart

In this simple problem requiring calculations only, students could concentrate
on the algorithm they learnt, instead of having to struggle with interpretation of
a word problem.

To get the solution of task three (and later, of task five), students had to
follow the steps of an algorithm learnt. Besides being able to follow the steps
of the given algorithm, solving these tasks required accuracy, attention, error-
free numeracy, transparent appearance. Following the steps of an algorithm is
important not only for getting the solution of the given mathematical problem,
but it is a social key competency as well, namely the rule-following competency.

Task 4: a) Write down an everyday life problem in a few sentences, in which
the Euler line of a graph has to be found.
b) Write down an everyday life problem in a few sentences, in which the

Hamilton circle of a graph has to be found.
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The fourth task asks the description of a problem in connection with everyday
life, where the solution can be reached by a method taught. We wanted to know
whether the students understood the connection between the method taught and
their everyday life, and whether they see why the studied model was interesting
and important for them.

Both parts of the fourth task require the accurate knowledge of the given
definitions, the understanding of them, attention, and discipline. According to
our experience, students often mix up the Euler line with the Hamilton circle. The
task also requires a competent way of connecting their everyday life experience
with the mathematical concepts taught. The students’ answers should be correct
both mathematically and grammatically, formulated in meaningful Hungarian
sentences. During the correction of the tests, it became apparent that practicing
such problems was necessary. The task was an open type task, which is also
important from a didactical point of view, because it does not just ask for a
specific definition, but leaves a wide room for creativity and individual initiative

([13]).

Task 5:
a) Give the minimum spanning tree of the graph given in Figure 3.
b) Define the shortest way from vertex A to vertex S of the weighted graph

given in Figure 3.

Figure 3: The weighted graph

The fifth task requires the knowledge of the Prim’s and Dijkstra’s algorithms.
The complexity of the task is similar to the problems solved on the lessons.

The table of preferences

The Table 1 shows our mathematical and didactical preferences (the most
important competences, concepts, methods, models in the teaching of the topic),
and also their roles in the test. One can see, that each new mathematical concept,
model, algorithm (1-8) in the curriculum occurres in at least one of the tasks.
Furthermore, besides the mathematical competences, other types of necessary
key competences (9-15) are included in several tasks (Table 1).
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c Task
1

ompeieney 1] 2|3 ]4a]4b]5a] s
1. | Simplex method chart +
2. | Simplex method application +
3 Input-output model of Leontief .

" | interpretationand application
4. | Eulerlinein practice +
5. | Hamiltoncircle in practice +
6 Minimum spanning tree algorithm of a +

" | graph
7. | Shortestpathalgorithm ofa graph +
8. | Computational skills + + | +
9. | Knowledge of the concept + | +
10. | Reading comprehension + | +
11. | Rule-followingcompetency + + | +
12.| Stayingfocused on tasks + + | +
13. | Communication + | +
14. | Connectionto the everyday life + | + + | +
15.| Creativity + | +

Table 1. Preferences of competences in the knowledge test

Students achievements

During the whole semester 100 points were achievable for the students, and
we divided that 100 points equally among the four topics, because each topic
discussed in the teaching course took the same time. The test was written on the
first two topics of the semester and students could achieve at most 50 points, 25
points in each. Linear programming was asked in the first and third tasks (3 and
22 points respectively), graph theory was asked in the second (5 points), fourth (4
points), and fifth (part 5a: 6 points and part 5b: 10 points) tasks. The achievable
points show that knowing one of the topics can be enough to be allowed to take
the exam (20 points), but it cannot be obtained without the knowledge of at least
one important algorithm (tasks 3 and 5b). Figure 4 shows what percentage of
the maximal possible score was reached on average by the students per tasks.

Success or failure in the first task almost determined the effectiveness of the
third task. Those students who could not solve the first problem do not even
know the concept of the initial chart of the simplex method. Among those who
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80%
69% 70%
0% mAchievementsof successful students
60% g3z Achievementsof non-successful students
50%

50% 465
40%
30%
20%
10% -
0%

1 2 3 4 Sa Sh 1 2 3 4 S5a S5hb total
Figure 4: Students’ average Figure 6: The achievements of

per task successful and non-successful
students per task

were not able to solve the first problem, there was only one student, who could
solve the third problem by another method.

]
X1 X2 z1 Z i {,quu,,_,
z 1 2 1 0| 18 th S
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=6l

Figure 5: A correct answer of a student for the third task

What information can be obtained from the student’s answer? One of the
students’ work (Figure 5) clearly shows that he not only solved the task suc-
cessfully, but continued the table started by the teacher in the given format. In
addition to the solution, beyond the necessary justifications the applied steps can
be seen. Similarly to the equation solving method taught for several years, the
student recorded, how one line can be obtained from the previous one.
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In the second task every possible error occurred (interpretational gaps, some
could not identify the correct matrix; different kinds of mistakes in the matrix
multiplication; choosing the right element of the result of matrix multiplication
was failed). Those, who recognized that they did not need to carry out the full
multiplication, evaded the mentioned mistakes. 9 persons (approx. 20 %) gave
correct answers.

One can see in the graph (Figure 4) that in task 4 (Euler line and the Hamilton
circle) students were successful. This result suggests that those students, who
prepared, could solve the task. 19 students wrote nothing to this task, they
probably did not prepare. Students with better achievements also involved the
explanation of the concepts in their solution, so it turned out why the mentioned
example was appropriate for the particular terms perspective.

The students gave the following correct answers for the forth task:
Ezamples for determining Euler line - part a)

— Road checking, where all the sections of the road should be controlled without
passing the same section twice.

— Street sweeping machine that goes along every street exactly once to pick up
the trash.

— Vegetable seed sowing, the sowing machine goes along each row exactly once.

— Google’s street viewer was developed to be able to shoot all the streets in the
city.

— Watering car passing through the district roads, all of them, but only once.

Ezamples for determining Hamilton circle - part b)

— Postman path where every house has to be addressed without having to pass
by the same house twice.

— Dairy products distribution company’s delivery car. It is essential to touch
every shop.

— Parcel delivery, roads can be missed, but all points have to be reached.

— Water network installation (touching every point once).

In task 5a 16 students achieved a maximum score, they used the Prims al-
gorithm. Some students worked without the algorithm taught and achieved rel-
atively high scores. Task 5b (to define the shortest way from vertex A to vertex
S of the given graph by the Dijkstras Algorithm) went surprisingly poorly. Only
three students solved it correctly. While correcting the worksheets, it turned out
that most of the students did not notice the edge of weight 9 between vertices
A and F, but this mistake alone does not explain the failure. It seems that the
algorithm that would have had to be used was a bit difficult for them.
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In Figure 6 we compare the performance of the 17 students who reached
the necessary score in this test for taking the exam (successful students) with
the performance of the 28 students who failed in this test (non-successful). The
average result of the successful students in the whole test was 68 % (instead of
the required minimum of 40 %), but in task 5b they reached only 53 %.

The students feedback, reflection

The students were introduced to the description of the subject ([10]) on the
first lesson and even after it was available for them on the internet, at the uni-
versity E-learning Portal. Thus, the students were informed from the beginning
of the semester about the topics, the time of the test, the way of the evaluation.

Although the lessons were held frontally, the students had the opportunity
for discussion, initiated either by the teacher or a student. Seeing the results of
the first test, we looked for an explanation for the failure. The non-successful
students were asked to fill out a simple questionnaire at the end of the repeated
test (Figure 7).

28 students wrote the repeated test, 26 of them repeated their first unsuccess-
ful test, the other two would have liked to improve their previous results. Each of
the 28 students completed the survey. 60 % of them were in the cross semester.

The most useful concepts/algorithms according to the students: 80 % of
the students considered the minimum spanning tree and the shortest path to be
useful. These were new to approximately half of the students. More than 90 % of
those who had already known these concepts, considered them to be useful. Only
30 % of those who had already known these concepts, wrote that they received
new knowledge on this topic. 50-55 % of the students considered each the simplex
method, the Euler line and the Hamilton circle to be useful, and these were new
for approximately 40 % of the students. 64 % of those who had already known
the simplex method, wrote that they received new knowledge on this topic.

40 % of the students considered the Input-output model of Leontief to be
useful. This had been known only for 15 % of them. 75 % of those who had
already known this concept, received new knowledge on this topic. It appears
that the students have little knowledge about the applicability of this topic. 7
students had already known all of the six surveyed concepts/algorithms. Probably
they did not deal with them as thoroughly as we did because all of them were
unsuccessful in their first test.
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QUESTIONNAIRE
Code: ..
Was this the first [fyou alrcf.idy kr.u:W Do you think the
the following, did X
semester when you ot learn something following
met the following ¥ useful/important?
By . new compared to
concept/algorithm? .
the previous
knowledge?
yes: + no:- yes: + no: - yes: + no:-
Simplex method
Input-output model of Leontief
Eulerline
Hamilton circle
Minimum spanning tree algorithm
Shortestpathalgorithm
Areyouin cross semester? Yes/No
If yes, please circle in the first column of the above table the items you learned in the previous
semester.
Approximately how many hours did you prepare for the first test? ..o
You felt before getting the result that this amount of learning was
little / enough / more than enough for a successful test.
The result was worse / similar/ better than expected.
Approximately how many hours did you study for the present test? ..
Thank you.

Figure 7: The questionnaire (Engineering and Economic Mathematics, G6do6116
2015. 12.19.)

Among the non-cross semester students every concept / algorithm was knows
by at least one student, but none of them was known by more than half of the
students.

It took the students 5.5 hours on average to prepare for the first test but there
were large differences; the minimum was 1 hour and the maximum was 14. 18
out of 28 students thought that their preparation would be enough, but 16 were
wrong. 9 students expected that their preparation time would not be enough for
the first test.

For the second test students learned for 6.5 hours in average and obviously
this can be added to the amount of time they spent with learning for the first
one. There were again large differences in the preparation time because it was
a minimum of 1 hour and a maximum of 30. The students expected that the
repeated test would be very similar to the first one and they were right in this. 4
students wrote about the repeated test that they thought that their preparation
time would be too little, and indeed only six of the 28 students have failed, so
this time they felt quite accurately how much preparation time they needed.
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On average, the students spent 12 hours with learning for the two tests (those
who failed first), and it seems to be realistic. The contact lessons for covering the
two topics took 10 hours, and even if they had heard about it before, at least the
same time was needed for them to recall the necessary knowledge.

Discussion

The allowed tools at tests: Students were allowed to use any written tools
at test writing. Is this useful? Everyone brought his or her own exercise book
for the test writing, of course. Many students printed out all the material they
could find on the E-learning portal without thinking and brought it with them.
With this attitude they made their job harder, having had to handle those lot of
unnecessary papers. So they didn’t get the benefit they expected.

The information necessary for the solution of task 1 and 2 (start-up tables and
matrices, necessary concepts, symbols and the required forms) could have been
found in the written tools. In spite of that, 50 % of the students could not correctly
solve the second task. In tasks 3 and 5 algorithms taught should have been directly
applied. Those students, who did not understand the algorithms, were not able
to solve these tasks even with the help of printed examples. In the given handouts
([5]) it is not mentioned where the Euler line and the Hamilton circle is useful
in everyday life, but we talked about it during the lessons. Anyone who did not
listen on the lessons and did not take notes, had to invent an appropriate example
during the test.

Conclusion: it is not worth allowing for the students to use all types of written
tools. It is much more useful for them to make notes of the essential things, since
it can help a lot in remembering. We will not allow using all written tools during
test writing in the future. Even now, students may use only handwritten tools at
the exam (one A4 size paper for each topic).

The problem of remedial teaching: During the teaching the course, the biggest
problem was that the students’ initial skills were very different from each other.
This is explained by the obtained BSc degree at different universities, different
results and different graduation times. To fill the individual gaps, to answer
the emerging questions and to give further help would be possible only in extra
optional consultation time. Its form has to be worked out later.

Computer programs related to the subject: One of the goals of this subject
is to clarify the new concepts and the operating principle of the algorithms and
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their limits. In practice, it is useful to solve linear programming tasks and to
apply algorithms related to graphs with the help of computer software. In our
course there were several students who had previously completed the I'T course
and felt our subject as an unnecessary repetition.

The IT course should be based on the appropriate mathematics subject in
order to teach students how to use the proper software so that they can solve
mathematical problems effectively.

Summary

Based on the answers of the questionnaire and the examples written from
their lives in the test, we conclude that the sense of self-efficacy of the students
increased, contributed by the clearly defined, realistic requirements and several
help. The survey shows that the proportion of internal attribution also improved,
as they saw the cause of their failures in their own omissions and knew what
to do in order to succeed. Progress and success during the course led to the
strengthening of self-esteem, self-concept and achievement motivation. It can be
stated that the teaching of this part of the curriculum was successful. Based on
the experience of the closing test of the first half of the semester and the students’
feedback, the rest of the subject was changed, which is going to be reported in
another article.
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