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ALGEBRAIC STRUCTURES BY CREATING MIND MAPS
WITH STUDENTS GIFTED IN MATHEMATICS

Abstract: Working with mathematically gifted students is the subject of many studies. In
the literature, one can find various examples of the positive impact of the use of mind maps
on learning by understanding and connecting concepts in appropriate schemes, but the impact
of creating mind maps on the achievements of students gifted in mathematics has not been
sufficiently researched. Having that in mind and that algebraic structures represent a teaching
topic in which it is necessary for students to have adequate theoretical knowledge about these
structures and relations between them, this method was implemented in order for students to
connect the proper concepts in a scheme. For that purpose, (two) mathematics classes of sys-
tematization are conducted for the teaching topic on Algebraic structures in order for students to
create two mind maps each (one for algebraic structures with one and with two binary operations
and another for homomorphism). The effects of this approach to the systematization classes
were examined by analyzing the students’ success achieved in two fifteen-minute tests (before
and after the systematization classes) where they had to mark the correct statements (precisely
formulated algebraic structures and homomorphisms). The results obtained by statistical analysis
indicate that the students achieved statistically significantly better results in the test held after
the systematization classes. In other words, the creation of mind maps by students gifted in
mathematics had a positive effect on systematization of knowledge about Algebraic structures
and on students’ achievement in mathematics (specifically Linear Algebra and Analytical Ge-
ometry). This result implies that teachers who work with students gifted in mathematics should
seriously consider organizing mathematics classes where students will systematize and deepen
their theoretical knowledge by creating mind maps.

Keywords: mind maps, students gifted in mathematics, algebraic structures, teaching
mathematics.

INTRODUCTION

Many studies and empirical research support the positive impact of using
mind maps on learning focused on establishing connections between different and
related concepts (Budd 2004; Farrand, Hussain, Hennessey 2002). Thus, positive
results can be found in the literature of the use of mind maps created by teachers
or students during the adoption of teaching content in mathematics (Brinkmann
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2003). At the same time, it should be emphasized that the age of the students var-
ies in different researches, from the youngest students of school age to high school
students and participants in higher education (Farrand, Hussain, Hennessy 2002;
Kovacevié¢, Segedinac 2007). However, in most research, mind maps are used
in heterogeneous classes of students, when it comes to students’ achievements in
mathematics. On the other hand, there is also a large amount of research related
to gifted students in mathematics. The emphasis in those researches is mainly on:
how to recognize these students, in particular at a younger age (Bicknell 2009); on
mathematical giftedness and mathematical creativity (Parish 2014); on the devel-
opment of a mathematics curriculum for students gifted in mathematics (Zmood
2014); in the choice and method of solving mathematical problems (Leikin 2009),
etc. Therefore, although mind maps, as well as work with gifted students, represent
the topics of a significant number of empirical researches, the amount of research
that connects these two topics is practically negligible. Indeed, it is very difficult to
find research that discusses mind mapping by gifted students in mathematics and
the impact of mind mapping by gifted students in mathematics on their achieve-
ment in mathematics.

The aim of this research is reflected in the analysis of the impact of the
methodological approach, which involves creating mind maps on behalf of students
gifted in mathematics in order to deepen and systematize their theoretical knowl-
edge, which is necessary for successfully solving concrete problems on the teaching
topic of Algebraic structures.

THEORETICAL BACKGROUND
MIND MAPS

Throughout history, mainly due to the low technical-technological level of
development, people used two-dimensional representations of their ideas to try to
find a solution to a concrete problem, to perform classifications according to differ-
ent criteria of various phenomena, or simply to present their ideas in a hierarchical
order according to some principles. For these purposes, people used graphic rep-
resentations of knowledge — mind maps, from the earliest times to the present day
(Rhodes 2013). Mind maps are, formally, special diagrams that can be used in situ-
ations involving the need for learning and thinking in any form (Kovacevi¢, Segedi-
nac 2007). Using mind maps improves our intellectual potential: memory, thinking,
and understanding and noticing relationships and connections between terms and
concepts (Farrand, Hussain, Hennessy 2002; Papi¢, Aleksi¢, Kuzmanovié, Papié
2015). As Buzan points out, the mind map as a powerful graphic tool can be the
key to releasing the potential of the brain, and it has four basic characteristics,
(Buzan, Buzan 1995):
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* The subject of attention is crystallized in a central image.

* The main themes of the subject radiate from the central image as
branches.

* Branches comprise a key image or keyword printed on an associated line.
Topics of lesser importance are also represented as branches attached to higher
level branches.

e The branches form a connected nodal structure.

Alamsyah (Alamsyah 2009) explains that mind map should have the follow-
ing elements:

1) The center of the mind map is the main idea or idea.

2) The main branch or basic order ideas (BOI), the first level branch that
radiates directly from the center of the map. Thoughts.

3) Branches, which are emanations from the main branch, can be written
in all directions.

4) Words, using only keywords.

5) Pictures, using pictures they like.

6) Colors, using attractive colors on the map.

For creating a mind map, it is important to use the keywords. Keywords are
words that represent the “trigger impulse” for more relevant associative meanings.
Using keywords reduces the number of words that are used on the map but on
the other hand does not reduce the quantity of information associated with those
keywords. Sometimes, it can be difficult to find the keyword, if it is trapped in a
sentence. On the other hand, another important aspect is that when we choose it,
our mind “digs” deeper in search for new meanings. Using different colors is very
useful and stimulating when creating mind maps (Kovacevi¢, Segedinac 2007).

Of course, over the long period of development of human civilization, mind
maps have evolved and are used in various segments of modern life. According to
the authors of the book Mind Maps (Buzan, Buzan 1995; Buzan 1976), the num-
ber of people who began to use brilliant thinking and mind mapping grew by an
almost logarithmic progression. Throughout history, examples of numerous crea-
tive people and thinkers who have used mind maps can be found. Some famous
intellectuals and people who primarily used graphic-visual representations in their
intellectual work were Leonardo da Vinci, then Albert Einstein who used mind
maps in unconventional ways to create unconventional ways of thinking (Rhodes
2013). The famous and previously cited Tony Buzan, a British author, believes that
literate and well-educated individuals are limited because they are unable to use
many of the conceptual tools for thinking, including mind maps (Rhodes 2013).

According to the studies of cognitive psychology (Morita, Asada, Naito
2016), human understanding of knowledge is a complex and changeable imaging
process. Psychology says that the human brain remembers images much more
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strongly than words. Humans have left and right brain hemispheres, which are re-
sponsible for different brain activities. The left hemisphere is responsible for words,
logic, numbers, order, linearity, analysis, and lists, while the right is responsible
for rhythm, imagination, colors, daydreaming, gestalt, and dimensions (Stankovié,
Randic¢ 2008). Common methods of memorizing information force the individual’s
brain to work linearly and interfere with the natural functioning of the brain. The
brain works by principle of association and based on that can connect an idea or
data with many other ideas and concepts (Anokhin 1973). Conventional teaching
methods better support the work of the left half of the brain compared with the
right half of the brain, but using mind maps stimulates the work of both halves of
the brain. In this way, the logical structures relate to imagination on paper, which
is the basis for a mind map. The left side of the brain is activated by keywords on
the map, while adding images, colors, and three-dimensionality activates the right
brain hemisphere — “the right creative brain” (Svantesson 1992).

In today’s insistence on quality education, more attention is given to the cul-
tivation and promotion of students’ active learning ability and their thinking ability.
Since school-based learning is comprised from a set of multiple situations that
involve solving problems, organizing data, taking notes, writing, and presentations,
mind maps are offered as a tool for all these activities (Brinkmann 2003). Mind
maps are considered an excellent tool for accelerating learning, creativity, solving
complex problems, and saving time. Just designing mind maps imitates the work of
the brain symbolically and visually on paper. They represent connections between
concepts, which contributes to building better connections in the brain itself and
better recall of information. Mind maps, therefore, reflect the natural functioning
of the brain, because they have a branched radial structure branching from a cen-
tral term (Buzan, Buzan 1999). According to some researches, mind maps have a
positive influence on the understanding of abstract concepts (Roth, Roychoudhury
1992). The observations that the individual creating the map play an important role
in the placement, assimilation, organization, and retention of data (Ornstein 1986;
Ornstein 1991). Mind mapping promotes divergent and creative thinking (White,
Gunstone 1992). Connections between different parts of the map can be obtained
by linking different parts of the map with arrows. This makes it easy to examine
patterns of thought and similarities and connections between information in dif-
ferent parts of the map.

Mind maps can be an essential tool for teaching and learning. To carry out
the steps of constructing a mind map, we must first understand the content of
knowledge, proceed to identify the core content, and divide it into main ideas and
identify sub-ideas of each main idea (Buzan, Buzan 1999). Many studies point to
the effectiveness of the mind map technique (Budd 2004; Farrand, Hussain, Hen-
nessey 2002). Efficiency of use of mind map techniques when improving factual
knowledge from written information was studied by Farrand, Hussain, and Hen-
nessey (Farrand, Hussain, Hennessey 2002). The attention of researchers was fo-
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cused on mind maps as a learning aid. The remembered content was stable in both
groups, but the participants from the group that used the mind mapping technique
remembered the content better after a week. The authors pointed out that this
method has an advantage over conventional methods of learning, and that students
were enthusiastic about this method, which lead to more effective training for the
implementation of the curriculum. In the research of Budd (Budd 2004), mind
maps are presented as a tool for overcoming traditional blackboard and chalk learn-
ing styles. The work shows the possibility of using mind maps for the purpose of
different learning styles and renewing energy during the semester. The exercise
was organized so that students create within one subject mind maps on the given
teaching topic. In groups of three, students were asked to think about what the
first step in the formation of mind maps is. During the exercise, the instructor
moved among the students and gave them feedback on the process of creating the
map. This research supported the idea of active learning, and students with higher
scores agreed on the positive impact of learning based on mind maps. Nowadays
there are numerous software tools that enable the creation of mind maps, such as:
Coggle, Freemind, Xmind, MindMeister, MindManager, LucidChart, Microsoft
Visio, ClickUp, etc.

It is also possible to use mind maps in mathematics education. According
to Brinkmann (Brinkmann 2003), mind maps can help in organizing information,
they can be used as an aid in memorizing content and its repetition, and then in
connecting new information with the students’ existing knowledge. They allow stu-
dents’ cognitive structures to become visible, promote creativity, and ultimately help
students to see the connection between mathematics and the real world. Although,
as the author points out, mind maps are rarely used in mathematics education, feed-
back indicates that students who were not good at mathematics benefited from mind
mapping. They understood the relationships and connections between mathematical
concepts while creating a mind map (Brinkmann 2003). Mind maps made a strong
impression on students who usually memorize. They turned such habits into mean-
ingful learning (Arifah, Suyitno, Rachmani Dawi, Kelud Udara 2020).

STUDENTS GIFTED IN MATHEMATICS

The concept of giftedness is popularly considered as a concept that articu-
lates the highest level of intelligence determined by IQ tests. Giftedness is a much
wider concept, which refers to an alignment which is both cognitive and emotional
and includes unique developmental aspects, as well as familial and social aspects
(Tamir 2012, as cited in Zedan, Bitar 2017).

Educational literature related to the issues of high mathematical ability,
mathematical talents, mathematical giftedness, and mathematical creativity con-
tain a variety of descriptive reports and instructional guidelines, but there are much
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fewer research reports that could be found on the issues related to mathematical tal-
ents and mathematical giftedness. Schoenfeld (Schoenfeld 2000; Schoenfeld 2002)
expressed the two main purposes of research in mathematics education which
could be maintained for the research in the field of mathematical giftedness and
creativity. Those purposes are:

 First (theoretical) is to understand the nature of mathematical giftedness
and mathematical creativity from the perspectives of thinking, teaching, and
learning;

e Second (applied) is to use such understanding in improving mathematics
instruction in a way that helps realize mathematical giftedness and encourage
mathematical creativity.

According to Leikin and her colleagues (Leikin 2009; Leikin 2014; Leikin,
Paz-Baruch, Waisman, Lev 2017), the domain of mathematical giftedness implies
a collection of certain mathematical abilities and personal qualities. Students who
are gifted in mathematics are described as students with strong problem-solving
abilities, metacognitive abilities, creative mathematical thinking, and high ability/
performance in mathematical problem-solving. Characteristics of students that can
indicate mathematical giftedness usually include: an extraordinary curiosity for
numbers and mathematical information, a capability to understand and implement
mathematical concepts quickly, a distinctively high ability to recognize patterns
and abstract thinking, flexibility and creativity in strategies for problem solution,
an ability to move mathematical concept to an unfamiliar situation, as well as
perseverance in solving challenging problems (Stepanek 1999). Mathematically
gifted individuals possess intellectual characteristics, such as curiosity, the ability
to visualize models, fast thinking, and metaphorical thinking (Deary 2000; Sil-
verman 1997). Krutetskii (Krutetskii 1976: 77) implies that gifted and talented
mathematics students have (among other capacities) “the ability for rapid and broad
generalization of mathematical relations and operations, and flexibility of mental
processes”. The teachers observed the different pace of mathematics learning, an
intuitive mathematical knowledge in problem-solving, their interest in mathemat-
ics, the sense of humor and ability to think in more abstract terms than peers of
the same age, as well as more mental flexibility and a discourse based on logical
thinking characterized students gifted in mathematics (Bicknell 2008). According
to the students, other aspects that confirmed their mathematical giftedness include
success in competitions, competence with basic mathematical facts, speed of com-
putational skills, problem-solving abilities, and capacity to work on “special pro-
jects” or on more/different work (than their classmates) to complete independently
(Bicknell 2008; Subotnik, Robinson, Callahan, Gubbins 2012).

Sriraman (Sriraman 2009) claims that mathematical creativity could be con-
sidered as the main mechanism of the growth of mathematics as science. Math-
ematical creativity is also mentioned as a characteristic among students gifted in
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mathematics, even though there is no commonly accepted definition of that term
(Plucker, Beghetto, Dow 2004; Singer, Sheffield, Leikin 2017). Other studies take
a different approach to creativity and adopt the concept of cognitive flexibility,
which is explained as an interlude between cognitive variety, cognitive novelty,
and changes in cognitive framing (Schoevers, Kroesbergen, Kattou 2020; Zhang,
Gan, Wang 2017). Mathematical creativity also promotes self-efficacy (Bicer, Lee,
Perihan, Capraro, Capraro 2020; Regier, Savic 2020).

Bicknell and Holton (Bicknell, Holton 2009) argued that mathematical gift-
edness can be manifested in three ways. The first is the analytic mode — mathemati-
cally gifted students figure out problems by using logic and thought. The second is
the geometric mode — students will prefer to use sketches and visual aids to figure
out problems. The third is the harmonic mode, which represents the gifted students
who are capable of both the analytic and the geometric modes.

When it comes to the mathematics teacher who teaches students gifted in
mathematics, they should “have access to professional development research in-
formation and resources to deal with such issues as identification or recognition
of students with mathematical promise, high levels of expectations for all students
along with challenging top students to even higher levels of success, pedagogical
and questioning techniques to extend students’ thinking, and selection and/or devel-
opment of appropriate curriculum and assessment tools that provide opportunities
for students to create problems, generalize patterns, and connect various aspects of
mathematics, development of teachers’ own mathematical power to make connec-
tions and the mathematical sophistication to see the big picture, making appropriate
instructional decisions for these promising students, and awareness of, access to
and ability to use technology and other tools” (Singer, Sheffield, Leikin 2017: 29).
In addition, teachers should continue to strengthen their own mathematical content
knowledge and demonstrate the joy of being a lifelong learner of mathematics
(Sheffield, Bennett, Berriozabal, DeArmond, Wertheimer 1999). Hoth (2017) sug-
gests that the main element in fostering mathematically gifted students is giving
them different learning opportunities. One way to do that could be by creating mind
maps during their mathematics classes by students gifted in mathematics.

CHARACTERISTICS OF THE TOPIC OF ALGEBRAIC STRUCTURES

Here are the few definitions for the algebraic structures, from simpler to
more complex structures, that students should adopt in the third year of high-school
education in the program of the subject Linear Algebra and Analytic Geometry, for
the students gifted in mathematics:

Ordered pair (G,*), where G is nonempty set closed under binary operation
* [ groupoid.
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A semigroup (G,*) is groupoid where the binary operation * is associative.
A monoid is a semigroup with an identity (neutral) element.

A group is a monoid such that each a € G has an inverse a”' € G .

Group G is Abelian or commutative if a*b=>b*a forall a,b € G (if binary
operation * is commutative).

After Abelian groups, students should learn the algebraic structures with two
binary operations: ring, ring with neutral element, and field. Also, students should
adopt structure — preserving maps: homomorphism (mapping between two groupoids
(G,*)and (H,") where f:G — H,(Vx,yeG) f(x*y)= f(x)-f(y)), endomor-
phism (homomorphism which maps G to G ), monomorphism (homomorphism
which is also injection), epimorphism (homomorphism which is also surjection),
isomorphism (homomorphism which is also injection and surjection), and automor-
phism (homomorphism which is also injection, surjection and which maps G to G),

There is one common feature about the way that algebraic structures and
structure-preserving maps are defined. That feature reflects that more complex
structures and mappings are defined through introducing the new property to an
already defined mathematical concept (algebraic structure or structure-preserving
map). These definitions could be considered as analytic definitions. Under this type
of definition, we consider the definitions of the nearest genus concepts and their
differences. Aristotle described them as: Genus proximum et differentia specifica.
For instance, in the definition: A monoid is a semigroup with an identity element,
semigroup is the nearest genus concept to monoid, and existence of the identity ele-
ment differentiates the concept of a monoid from a semigroup. With many analytic
definitions, as the number of genus concepts and differences is increasing, it gets
more and more complex for the students to memorize and adopt all these concepts
and connect them in a proper mental scheme.

The importance of having sufficient theoretical knowledge regarding the
theme of algebraic structures is high because in most of the concrete problems
in this theme, students need to examine the type of given algebraic structure with
one binary operation, algebraic structure with two binary operations, and the type
of structure-preserving maps. For solving these kinds of problems, students must
understand what properties they should examine to determine the type of the given
algebraic structure (or mapping), and it is quite hard to memorize properties for all
these mathematical concepts individually. So, the best approach for learning these
mathematical concepts is to know the relationships between these concepts. This
puts the teacher in a position in which he must design and conduct well-structured
systematization mathematics classes.
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RESEARCH METHODOLOGY

As stated earlier, for the students to adopt the appropriate algebraic struc-
tures with understanding, to understand the relations between them as much as
possible, and to later apply the theoretical knowledge to concrete problems, it is
important that the students systematize the necessary theoretical knowledge. Hav-
ing in mind that the concepts of algebraic structures are quite abstract and that
students don’t have previous experience with these concepts, it is important that
teacher organize well-structured systematization classes.

For this purpose, it is planned that students systematize appropriate theoreti-
cal knowledge by creating mind maps, since mind maps have many of the afore-
mentioned positive aspects. The goal of this research is to determine the effects
of creating mind maps by students gifted in mathematics in order to improve their
achievements, i.e. to improve their necessary theoretical knowledge.

PROCEDURE AND INSTRUMENTS

In the class which preceded the experimental class, the students were asked
to bring thicker and larger paper, as well as crayons and pens in various colors.
When asked by the teacher if they had created mind maps during their education so
far, 7 or 8 students stated that they had in different subjects during their education
in elementary school (geography, biology, and Serbian language), and 3 students
made mind maps in math classes in elementary school, but during their high school
education they did not create a mind map in any mathematics (mathematical analy-
sis, algebra, or geometry) class.

In the introductory part of the systematization classes, the teacher told the
students that their task in the given classes was to create a mind map on which they
were to show algebraic structures with one and two binary operations, as well as
to create a mind map on which they were to illustrate and connect contents related
to mappings. Then the teacher explained to them how the given contents should
be connected, with the suggestion that they first prepare a working version of the
mind map on a smaller piece of paper, and then, when they create a picture in their
minds of how it should look according to their understanding, to translate it into
the larger, final form of the mind map. In the first part of the classes, students had
the task of presenting the algebraic structures with one and with two binary opera-
tions, and in second part of the class, students had the task of presenting mappings
(homomorphisms) together with special cases of homomorphisms (endomorphism,
epimorphism, monomorphism, isomorphism, automorphism) through a mind map.

During the process of creating mind maps, students flipped through note-
books and textbooks, thus determining the acquired knowledge and then systemati-
cally presenting them on paper, in the form of mind maps. It should be emphasized
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that students created mind maps by working in pairs. The students chose who they
would collaborate with, with the aim that during the work the students openly talk,
discuss, exchange their opinions, and choose the best ways to present appropriate
teaching and learning content. In this way, in addition to developing specific sub-
ject competencies, students also developed cross-curricular competencies: lifelong
learning, communication, and cooperation.

In order to examine the effects of the given methodological approach, stu-
dents were tested before and after the systematization classes. Namely, in the final
part of the class, which preceded the class of systematization, the students solved
Test 1 (see Appendix), in which some correct statements were formulated, as well
as statements that were essentially incorrect but were formulated similarly to the
correct statements. In the given statements, the students were required to show that
they recalled and understood the relations between different but related algebraic
structures such as groupoid and semigroup, semigroup and monoid, monoid and
group, and then mappings such as homomorphism and monomorphism, mono-
morphism and isomorphism, epimorphism and automorphism, etc. Therefore, the
students were not required to simply reproduce the formulations of the definitions
of algebraic structures by stating all the conditions that must be satisfied by the
given operation(s) defined on the given set, i.e., all properties of the mapping, but
to recognize (based on their knowledge of their properties) which structures are
special cases of other structures, i.e., under which new conditions a given structure
becomes a structure that represent another, higher level class of structures. Students
completed the test by marking the correct statements (by circling the letter in front
of the correct statements), while the incorrect statements were to remain unmarked.
This was followed by a systematization class where students created mind maps and
thus connected their knowledge in suitable schemes. Immediately at the beginning
of the class that followed the systematization class, the students were given Test
2, designed in accordance with Test 1, where again some statements were correct,
and some were not.

PARTICIPANTS

Participants in this quasi-experimental study were 17 third year students
gifted in mathematics from the First Gymnasium in Kragujevac who participated
in the subject Linear Algebra and Analytic Geometry in the 2021/2022 school year.
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RESULTS AND DISCUSSION

ANALYSIS OF THE STUDENTS’ WORK IN THE CLASSES

From the students’ work, four mind maps are chosen to represent the quality
and the mutual characteristics of the mind maps created by students.

Figure 1. Pair 1 mind map for the theme Algebraic structures
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The image presented in the Figure 1 shows a mind map on which the stu-
dents in the central part, in accordance with the instructions, presented a key term
(algebraic structures), then divided the given mathematical concepts into two parts:
structures with one binary operation on the left side of the mind map and structures
with two binary operations on the right side of the mind map. The students also
chose to present the concepts in order of the complexity of the algebraic structures,
that is, the number of conditions that the structure must fulfill (the complexity of
the structures increases when moving from top to bottom).

The following image presented in the Figure 2 shows a mind map that does
not follow the pre-agreed upon structure which a mind map should have. Namely,
we can see that to a certain extent the concepts are linearly represented (from
groupoid to group), so that the Abelian group is represented in the central part of
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the mind map, while structures with two binary operations are shown both above
(ring, ring with neutral element) and below the centrally represented term (field).

Figure 2. Pair 2 mind map for the theme Algebraic structures

Y A2
AN B W 50 ¢
8 \ ‘@ @8 o= :
y AN Ia | 3 o S A~
5 o D oeotedls 7] |
’ - praben.
Sl < AR :
o3 T ) o I amd -
- 0 x 3 ;' f i) _'#,. S 4y = :
> > ) e I i
TR ¥ u‘_; y-J d i x -
£ i B - it 4 N Wi 5
HT L1 1 ( Rbelova A g V) :
A~ ’ N Lad Al AL M -
A1 B
2 Ji
C PP |8
: rpo §
—Z, M
| iR 2
EET +*

In contrast to the first mind map (shown in Figure 1), the second mind
map (shown in Figure 2) is presented more confusedly. It does not have an ideal
structure, but still, from the perspective in which the mathematical concepts are
connected, it can be concluded that the students master the given concepts and
understand their properties and the connections between them.

In the Figure 3, we can see a very nicely structured mind map, on which
the basic concept (homomorphism) is presented in the central part, together with
the definition written in mathematical notation. Furthermore, it can be observed
that concepts further branch according to special classes of homomorphisms with
precisely written conditions in mathematical notation as well.
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Figure 3. Pair 6 mind map for the theme Homomorphisms

The image presented in Figure 4 shows a not quite satisfactorily structured
mind map. Namely, the concept of homomorphism is not presented in the central
part, but the concept of isomorphism (which represents a homomorphism that is
also a bijection). This caused the terms epimorphism (which represents a homo-
morphism that is a surjection, not an injection) and monomorphism (which repre-
sents a homomorphism that is an injection, not a surjection) to be presented as an
isomorphism in which one of the properties does not apply (with a “minus” sign).
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Figure 4. Pair 3 mind map for the theme Homomorphisms
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The first impression based on the analysis of students’ work on creating mind
maps in the systematization classes is that some students (probably due to a lack of
experience in systematically presenting teaching and learning content through mind
maps) did not follow the technical instructions for making mind maps, specifically
about the way in which concepts should be arranged. The use of colors is also not
quite satisfactory. On the other hand (which is extremely important, and which
speaks in favor of the fact that the students showed an enviable level of knowledge),
there were no material errors in students’ work. There were no errors of a math-
ematical nature on any mind map. In all mind maps, the conditions that certain
mathematical concepts must meet were accurately and precisely represented.

Students who took part in the quasi-experimental study were very enthusi-
astic while creating mind maps and very dedicated to their work. These students’
impressions are in accordance with the conclusion of other research (Budd 2004)
about students’ recognition of the positive impact of learning based on mind maps.

ANALYSIS OF THE STUDENTS’ TESTS RESULTS

As said earlier, both tests consisted of a total of 16 statements (see Appen-
dices).

Table 1. Students’ results on the Test 1 and the Test 2

Student 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Before 4 14 7 12 10 12 7 7 12 10 9 15 14 12 14 11 11
After 15 14 11 11 11 14 7 13 14 11 12 13 14 14 14 12 13
Difference i1 o 4 -1 1 2 0 6 2 1 3 -2 0 2 0 1 2
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The results of the students’ work on these tests are presented in Table 1. As
can be seen, for each student who attended all four classes (systematization classes,
and classes before and after the systematization classes) the differences (number of
points that students achieved after creating mind map minus the number of points
students achieved before creating mind maps) in the number of points scored by
the students were calculated. Out of a total of 17 students, 12 students achieved a
higher number of points on Test 2 compared to the number of points on Test 1. Of
the remaining 5 students, 3 students achieved identical results, while two students
had more incorrect answers after the systematization classes.

It is interesting that the students who showed the greatest progress in their
results (i.e., their knowledge of the given concepts) are those students who achieved
lower results and showed a lower degree of interest for the given teaching contents
in the third grade within this subject.

Based on the graphic presented in Figure 5, it can be seen from the distribu-
tion of the number of points (that students achieved in Test 1 and Test 2), that in
most cases, students achieved between 10 and 14 points on Test 1 and between 11
and 14 points on Test 2. Minimums and maximums of points that students achieved
are the same for both the tests. Also, the median number of points that students
achieved on Test 2 is higher than on Test 1.

Figure 5. Distribution of the number of points that students achieved while solving Test 1
and Test 2

points

6

time
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Arithmetic means of the number of points scored by students before (Test
1) and after the systematization classes (Test 2) were calculated. The average num-
ber of points achieved by the students before the systematization classes is equal
to 11.24, while the average number of points achieved by the students after the
systematization classes is equal to 12.54. So, on average, students improved their
scores by 1.3 points. Bearing in mind that they could achieve a maximum of 16
points, we notice that the students generally showed an enviable level of knowledge
both before and after the systematization classes. This speaks in favor of the fact
that during the classes of adopting new teaching and learning content and exercise
classes as well, the students adopted and understood the teaching content to a large
extent, while after the classes of systematization, which was conducted through the
creation of mind maps by the students, they additionally established appropriate
connections and relations between different mathematical concepts. This result is
in line with other results regarding the potential of using mind maps in order for
students to deepen their knowledge (Brinkmann 2003; Kovacevi¢, Segedinac 2007;
Papi¢, Aleksié¢, Kuzmanovié, Papi¢ 2015).

Table 2. Statistical analysis of the students’ results

Wilcoxon Signed Ranks

Time Number of students Means Medians Meanrank Sum of ranks Test

z p (2-tailed)

Before 17 11.24  12.00 5.50 11.00
-2.441 0.015
After 17 12,54  13.00 7.27 80.00

Based on the results of the non-parametric Wilcoxon rank test, it was found
that the number of points that students achieved on Test 2, i.e., on the test which
followed the systematization classes, were statistically significantly better com-
pared to the number of points the students achieved on the test held before the
systematization classes (Test 1). As earlier confirmed in other empirical research
conducted on heterogeneous classes of students (Kovacevi¢, Segedinac 2007), this
result speaks in favor of the fact that the students gifted in mathematics significantly
systematized and deepened their theoretical knowledge (about algebraic structures
and homomorphism) by creating mind maps and systematizing the teaching and
learning content, i.e. mind maps contribute to better student achievement when
their creation (by students) is implemented in homogeneous classes of students
(classes formed with students gifted in mathematics).

CONCLUSION

It is generally known that the teaching contents provided by the Serbian
curriculum for secondary school (high school) students are significantly more ab-
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stract compared to elementary school, while the teaching methodology is also sig-
nificantly more formalized. Mathematics teachers, withdrawn from the teaching
content, are mostly implementing the frontal form of teaching mathematics, which
is even more pronounced in classes with students gifted in mathematics. Examples
of some more innovative approaches (not related to solving tasks), except perhaps
the occasional use of ICT in teaching with gifted students for mathematics, are very
difficult to find, at least in the relevant literature. On the other hand, mind maps
have proven to be effective in the implementation of mathematics classes with the
aim of students acquiring and understanding the necessary knowledge and con-
necting mathematical concepts in an appropriate scheme. All these reasons can be
considered as the background for the highly motivated students who participated in
this quasi-experimental study that aimed to examine whether the creation of mind
maps by gifted students in mathematics leads to better student achievement. Indeed,
all students participated in the work during the classes and showed an enviable level
of commitment.

Based on the analysis of the students’ work, it can be concluded that a cer-
tain number of students, probably due to the lack of experience in the creation
of mind maps, bypassed some agreed technical characteristics that a mind map
should fulfill. On the other hand, all mind maps were mathematically correct, with
appropriate mathematical notation and without material errors. The results of the
tests that the students took before and after the systematization classes indicate that
the creation of a mind map with the aim of systematically presenting the teaching
content from the Algebraic Structure topic leads to an improvement in student
mathematical achievement.

Bearing in mind the small sample size of this research, as well as the fact
that the students only systematized the teaching content from one topic in this way,
no generalized conclusions can be made, but the results of this quasi-experimental
study certainly speak in favor of the implementation of systematization classes in
mathematics couses (in analysis, algebra, geometry courses) with students gifted in
mathematics. Some future research could follow in order to design and implement
several systematization classes during one school year with the students gifted in
mathematics (on one or even on two mathematical courses with the same group of
students) and additionally to examine the effects of this methodological approach.
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APPENDICES

TEST 1

Mark the correct claims.

a) If algebraic structure (G,*) is groupoid, then (G,*) is semigroup.

b) If algebraic structure (G,*) is semigroup, then (G,*) is groupoid.

c) If algebraic structure (G,*) is semigroup, then (G,*) is monoid.

d) If algebraic structure (G,*) is monoid, then (G,*) semigroup.

e) If algebraic structure (G,*) is monoid in which every element has its inverse
element, then (G,*) is Abelian group.

f) If algebraic structure (G,*) is group and if the binary operation * is associative
on the set G , then (G,*) is Abelian group.

g) If algebraic structure (G,+,-) is ring and if (G\{0}) is group, then (G,+,-) is
field.

h) If algebraic structure (G,+,-) is ring and if (G\{0}) is Abelian group, then
(G,+,") is field.

i) If algebraic structure (G,+) is Abelian group, if (G\{0}) is Abelian group and
if multiplication is distributive over addition, then (G,+,-) is field.
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j) If algebraic structure (G,+,-) is field, then (G,+,-) is ring.

k) If algebraic structure (G,+,-) is ring, then (G,+,-) is field.

1) If structure-preserving map is monomorphism, then it is homomorphism.
m) If structure-preserving map is isomorphism, then it is monomorphism.

n) If structure-preserving map is endomorphism, then it is automorphism.
o) If structure-preserving map is isomorphism, then it is epimorphism.

p) If structure-preserving map is isomorphism, then it is automorphism.

TEST 2

Mark the correct claims.

a) If algebraic structure (G,*) is groupoid, then (G,*) is monoid.

b) If algebraic structure (G,*) is monoid, then (G,*) is groupoid.

c¢) If algebraic structure (G,*) is semigroup, then (G,*) is monoid.

d) If algebraic structure (G,*) is monoid, then (G,*) semigroup.

e) If algebraic structure (G, *) is semigroup in which every element has its inverse
element, then (G,*) is group.

f) If algebraic structure (G,#) is group and if the binary operation * is commuta-
tive on the set G, then (G,*) is Abelian group.

g) If algebraic structure (G,+) is Abelian group, if (G \{0}) is group and if mul-
tiplication is distributive over addition, then (G,+,-) is field.

h) If algebraic structure (G,+,-) is field, then (G,+,') is ring.

i) If algebraic structure (G,+,-) is ring, then (G,+,-) is field.

j) If algebraic structure (G,+,-) is ring with neutral element, then (G,+,-) is field.

k) If algebraic structure (G,+,-) is field, then (G,+,-) is ring with neutral element.

1) If structure-preserving map is monomorphism, then it is epimorphism.

m) If structure-preserving map is isomorphism, then it is monomorphism.

n) If structure-preserving map is endomorphism, then it is epimorphism.

0) If structure-preserving map is isomorphism, then it is automorphism.

p) If structure-preserving map is automorphism, then it is monomorphism.
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Anekcannap 3. MuienkoBuh

VYuusepauret y Kparyjesiry
IIpuposHO-MaTeMaTHUKH (haKyJITeT
WucTuTyT 32 MateMaTuky ¥ MH(OPMaTHKY
Kparyjesar

AJI'EBAPCKE CTPYKTVYPE 1 NU3PAJIA MAIIA YMA O/1
CTPAHE YYEHUKA CA IIOCEBHMM CIIOCOBHOCTUMA 3A
MATEMATUKY

Pesume: Paj ca yueHUIIMMa HaJapeHUM 3a MaTeMAaTHKYy je MpeaMeT BeJIMKOT Opoja
crynuja. Takobe, y nureparypu ce Mory Hahu nprmepH MO3UTHBHOT YTHIaja yHoTpede
Mara yma Ha yuerme ca pa3syMeBambeM, TOBE3MBambeM 110 jMOBa Y ofAroapajyhe cxeme, anu
yTHIIA] Kpeuparma Mara yMma oJl CTpaHe y4eHHKa ca IMOCEOHMM CIOCOOHOCTHMA 3a Marte-
MaTHKy Ha IBUXOBa MocTurayha Huje JOBOJBHO HUcTpaxkeH. Mimajyhu To y BUOy, Kao u aa
anredapcke CTPYKType NpeCTaB/bajy HACTAaBHY TEMY Y KOjOj j€ HEONXOAHO Aa YUSHHUIN
ycBoje oaroBapajyha TeopHjcKa 3Harma O TIOMEHYTHM aJIredapckuM CTPYKTypama M OJJHO-
cuma u3Mely buX, IPUMEHEH je OBaj METOJCKH MPUCTYI KaKO OM yUEHUIIU J1aTe TI0jMOBe
NoBe3ajii y oarosapajyhy memy. ¥ ToMm 1ujby CIIpOBEJIEHA Cy JBa 4Yaca (JBOYAC) CUCTe-
MaTH3allje 3a HACTaBHY TeMy Anredapcke CTPYKTYpe Tako IITO Cy YYSHHUIM KPEerpat Mo
JIBe Marie yma (jeqHy 3a ajiredapcke CTPYKType ca je[JHOM U ca B OMHapHe orepaluje
U Opyry 3a xomomMopdusme). Epextr oBor mpucTymna Ha YacoBUMA CHCTEMATH3aIHje Cy
WCIIMTHUBAHK aHAJIM30M ycIiexa yYeHHKa KOjU Cy OHM OCTBAPHJIM NPUIMKOM M3pajie JBa
MEeTHAECTOMHUHYTHa TecTa (TIpe 1 TocyIe YacoBa CUCTeMaTH3aliije) Ha KojuMa je Tpedaso
Jla O3Haue TayHe TBpIme (Mperu3Ho (popMyrcaHe anredapcke CTpPYKType U XOMOMOp-
(puzme). Pesynrati 1o0MjeHN CTATHCTUYKOM aHAIM30M yKasyjy Jia Cy yYEHHUI MOCTHUITIN
CTATUCTHYKH 3Ha4YajHO OOJbE pe3yJITaTe Ha TeCTy OJP:KaHOM HAKOH 4acoBa CUCTEMAaTH3a-
1uje (y OJHOCY Ha pe3yJiTare MOCTUTHYTEe Ha TECTy OJIpKaHOM IIpe YacoBa CHCTEMaTH3a-
uje). Ipyrum peunma, Kpenpame Mara yMa Off CTpaHe YUeHHKa MO3UTHBHO je yTHLAIO
Ha CHCTeMaTH3allvjy 3Hama O aaredapcKuM CTPYKTypama M Ha rmocturHyha ydenuka (ca
MOCEDHNM CIIOCOOHOCTHMA 32 MaTeMAaTHKy) U3 MaTeMaTHKe (KOHKPETHO JIMHeapHe ajre-
dpe u aHaMTHUKe reomerpuje). OBaj pe3ynTaT UMIUTALMPA Ja HACTABHUIM KOjU pajie ca
YUEHUIIMMA ca TIOCEOHNM CIIOCOOHOCTHMA 33 MaTeMaTHKy Tpeda 030MIbHO 2 Pa3MHCIIE O
OpraHU30Balby YacoBa MaTeMaTHKe Ha KOjuMa he ydeHUIM CCTeMAaTU30BaTH 1 ITPOLyOUTH
CBOja TEOpHjCKa 3HaMa KPEeHpameM Mama yma.

Knyune peuy: mare yma, yI4EHHUIH ca MTOCEOHNM CITIOCOOHOCTHIMA 32 MATEeMAaTHKY,
anredapcke CTPYKType, HacTaBa MaTeMaTHUKe.
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