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Abstract  
Mathematics is an important part of the education system. Learning mathematics is necessary for an 
individual’s full development in today’s complex society. Often, however, we encounter negative 
attitudes of pupils towards mathematics. Pupils often refer to not understanding mathematics, they 
consider that mathematics is too difficult for them. We are interested in the attitudes towards 
mathematics of future lower-primary-school mathematics teachers because the professional work of 
future mathematics teachers largely depends on their attitudes to the taught subject. We found that 
their attitudes were similar to pupils’. This was worrying. We were looking for suitable learning 
strategies that would help to better understand mathematics problems and change students’ attitudes 
towards mathematics.  

The knowledge structure is regarded as an important component of understanding, and concept 
mapping is regarded as a strategy towards a successful learning of mathematics. Mental mapping 
techniques are interpreted as visual representatives of students’ thinking and students’ knowledge 
structures. In the design of concept maps, students will collate mathematical concepts, understand 
mutual hierarchical links and connections. Conversely, the concept map reflects the structuring of the 
mathematical fundamentals in the student's mind.  

The paper summarises our experiences with the concept mapping strategy in pre-service primary 
teacher mathematics teaching and the partial results ascertained in the research entitled ACPM 
(Attitudes Towards Concept Mapping in Mathematics), which was practised in 2016 and 2017. This 
research was focused on student attitudes to the using of the concept mapping strategy for a better 
understanding of mathematical foundations. We believe that if future teachers accept concept 
mapping as a strategy that leads to a successful understanding of mathematical fundamentals, they 
will pass on this progressive method in the future teaching profession. 
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1 INTRODUCTION 
Mathematics is an important part of the education system. Learning mathematics is necessary for an 
individual’s full development in today’s complex society. Often, however, we encounter negative 
attitudes of pupils towards mathematics. Pupils often refer to not understanding mathematics, they 
consider that mathematics is too difficult for them. One of the causes can be seen in the method of 
teaching, which is focused in particular on the pupil’s performance. It is common practice that it is 
“enough” for pupils to absorb a certain set of mathematical knowledge and reproduce it when 
necessary without a deeper understanding. However, the target of education should be pupils who 
know not only the facts as such but also the context. A successful pupil should know how to study, 
and should master suitable learning strategies leading to the aforesaid target. 

We are interested in the attitudes towards mathematics of future lower-primary-school mathematics 
teachers because the professional work of future mathematics teachers largely depends on their 
attitudes to the taught subject. We found that their attitudes were similar to pupils’ [7]. This was 
worrying. A large number of our students, future teachers, also see mathematics as a mere set of 
knowledge to be absorbed and then reproduced at exam time even without a deeper understanding.  
We were looking for suitable learning strategies that would help to better understand mathematics 
problems and change students’ attitudes towards mathematics.  
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2 APPROACHES TO LEARNING 

2.1 Traditional approach to learning  
Communicating the content of the curriculum is generally linear. Sentences follow each other in the 
textbook, in the teacher’s lecture, in the pupil’s notes. Most students also believe that the normal 
sentence structure is the best way to memorise verbal images and thoughts. They mostly use the 
traditional linear method to make notes, and fill entire pages of their notebooks with blocks of 
continuous text. When making this type of notes, however, most words carry no meaning which can 
be easily recalled. Key recalling words are separated in time and space by other words, which has a 
negative impact on the creation of the correct associations in one’s memory; students then have 
trouble memorising quantities of seemingly unrelated concepts. As Fisher [4] states, memory is first 
and foremost a process of creating links, connections and associations between the new information 
and the already existing knowledge structures. Recalling the learned “material” largely depends on the 
key words and key concepts that are – if memorised correctly – transferred from short-term memory to 
long-term memory. Moreover, a linear recording of text involves: 

− Time wasted when writing down words that are irrelevant,  
− Time wasted when rereading such unnecessary words, 
− Time wasted when searching for the actual key words that usually blend with the other words. 

Teaching and learning is not just about data, concepts and main thoughts. As Mareš [2] points out, the 
pupil’s task is also to learn and describe the relations between them and master the entire “concept – 
relation network”. The problem usually is that the network is generally implicit in the teacher’s lecture 
and the textbook, and may not be entirely clear. The student therefore has to identify the major 
concepts (key words) in the original text first, and then seek relations between them. Teachers as well 
as authors assume that pupils and students know how to do this, which we, in agreement with Mareš 
[2] doubt. 

2.2 Seeking a new strategy 
Our aim was to offer students a way to help them to successfully understand and learn key concepts, 
and to gain a structural understanding of the algebra and arithmetic curriculum. Students’ success 
largely depends on their motivation, belief about their own abilities and choosing a suitable learning 
strategy. Dofkova [3] stresses that positive beliefs of pregradual primary-school mathematics teachers 
about the quality of their didactic training may constitute a guarantee of a positive relationship to their 
future occupation. 

On the basis of our long-standing experience with the pre-gradual training of primary-school teachers 
and on the basis of a series of student reflections relating to the attitudes of students to the study of 
mathematics, we take the liberty to make the following statements.  

• The motivation of most students lies only in a successful passing of the exam. Students do not 
realise that mathematics has a cultivating nature and should contribute to a comprehensive 
development of the student’s personality. 

• Belief about the student’s own abilities – most students do not think highly of their mathematical 
abilities. The curriculum seems too difficult to them, “beyond their capabilities”. The cause may 
be found in their previous experience with mathematics teaching. 

• Choosing a suitable learning strategy – most students do not know how to study, how to “learn 
with understanding”. We were looking for a suitable generally applicable learning strategy. Out 
of numerous possible approaches, we focused on the mental mapping strategy, i.e. learning 
activities associated with visualising the pupil’s thought processes. 

2.3 Mental mapping 
Mental mapping is a generally applicable method; mental maps can be used in virtually any activity 
which is related to creativity, thinking, recalling or planning. If one masters the basics of mental 
mapping and learns to apply certain principles, one acquires a very effective tool applicable in a wide 
range of human activities. The mental mapping method is based on the current theories of learning.  
Fisher [4] emphasises that memory is first and foremost a process of creating links, connections and 
associations between the new information and the already existing knowledge structures. Memory is 
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largely dependent on key words and key concepts that are stored in the long-term memory only after 
they are interconnected with the system of the existing structure.  

In general, mental mapping is a thought process that results in a graphic visualisation of thought 
processes. Mental maps constitute an attempt at visually depicting the mutual relations between 
thoughts or concepts. Therefore, the centre of interest of mental mapping may be the process itself or 
a set of concepts. Many authors then call this mind mapping and mind maps in the first case and 
concept mapping and concept maps in the second. T. Buzan [1] sees mind mapping as a reflection of 
radial thinking. A mind map visually captures “what happens inside our heads”. Mind maps basically 
repeat and imitate radial thinking, which further strengthens the natural functioning of the brain and 
gives it power and efficiency. Janík [5] defines concept mapping as a method of schematic 
representation of concepts that works based on the principle of analogy between particular entities of 
the real world and their abstracts transferred into a map through concepts. Novak [6] defines concept 
mapping as a research method intended to capture the meanings of specific concepts through a 
graphic representation of related concepts and their mutual relation. Concept mapping is also an 
activity during which a concept map is created as the visualisation of the internal structure of a set of 
given or associated concepts. It is necessary to bear in mind that each mind map is unique. 
Perception and other mental processes of each person are purely individual. 

According to Janík [5] two types of concept mapping can be distinguished according to the input 
characteristics of concept mapping: 

1 Structured – there is a fixed list of concepts; the task is to arrange these concepts into a 
schematic structure. Such maps can be compared because they are identical in terms of their 
contents; they only differ in their structures. 

2 Non-structured – only the key concept is given; the task is to compile a logical structure of 
concepts that are associated with the key concept. 

It should be noted that mental mapping is not a completed process and a concept map is not a static 
structure. On the basis of new knowledge, the existing structure is repeatedly reconstructed, the 
structure is expanded with new concepts and links, and concepts that have so far been isolated are 
interconnected.  

Advantages of mental mapping 

According to Fisher [4], mental mapping has a number of advantages, including: 

• The central, main or key idea is clearly defined, 

• The graphical arrangement facilitates orientation and recapitulating, 

• Relations between key words are defined through connections and proximity, 

• The created structure is temporary and organic, allows for further adjustment, 

• The unclosed nature of this procedure encourages further interconnection of ideas, 

• Each structure is individual and unique, which makes it easier to memorise, recall and 
recapitulate things. 

Mareš [2] says that visualisation, i.e. graphic expression of relations between concepts, makes it 
easier for students to: 

− Understand the taught subject, 
− “Recode” into a form which is easier to remember, 
− Memorise the taught subject, 
− Recall the things that have been studied (external memory), 
− Reconstruct the things learned where new knowledge is added. 

Generally speaking, the new approaches have other benefits: 

• They create adequate “mental models” of the world, 

• They constitute a useful tool – special learning strategy – of how to deal with a situation in the 
future where the students encounter a new and complex topic which has to be learned. 
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We approach concept mapping in terms of improving the learning strategy of students. The creation of 
concept maps helps students to expand, deepen and clarify the understanding of the topic studied. 
Their understanding is expanded by their having to consider meaningful relations between concepts, 
and is deepened by their having to establish the respective concept’s characteristics and examples. 
A better understanding is achieved thanks to the fact that the concept map provides the student with 
a visual depiction of the overall set of relations and elements. Using concept mapping, the student, 
who is flooded with information, is able to find what is important and what is unsubstantial, is able to 
find order and logic in the given issue, is able to see the structural nature of the taught subject, and is 
able to perceive problems as systems.  

3 INCLUDING THE CONCEPT MAPPING STRATEGY IN PRE-GRADUAL 
TRAINING OF PRIMARY-SCHOOL TEACHERS  

We repeatedly applied the concept mapping strategy and the creation of concept maps in the 
mathematical disciplines Mathematics 2 and Mathematics 3 with students of the 2nd year of Teaching 
at the 1st Level of Primary School. At the beginning of the third semester, the students were assigned 
a semestral task – to prepare a concept map of a part of the current algebra curriculum (to be handed 
in at the end of the semester). The non-structured approach was selected. As the basis for the 
concept map, the following three key concepts were assigned to the students: binary relation, binary 
operation and algebraic structure (AS). The first of the concepts belonged under the curriculum of the 
second semester. The other two concepts were studied during the third semester. We provided the 
students with basic information about concept maps and the concept mapping method, and showed 
them an example of a created concept map. We emphasised the individuality of possible approaches. 
Based on the students’ initiative, we repeatedly returned to the possible form of the concept map and 
consulted issues related to its construction during the semester. Discussions concerning the structure 
of the concept map and an analysis of the process of its creation were part of the course credit.  

One of the reasons for assigning a set of concepts that combine the curricula of the 2nd and 3rd 
semesters was an attempt at pulling down the “imaginary” barrier – overcoming the limited nature. The 
algebraic discipline Mathematics 1 is completed with an exam at the end of the 2nd semester. It is 
followed by Algebra 1. Many students see the curriculum of the new subject, Mathematics 2, as a new 
“closed” whole. They do not perceive the connections and links between the individual topics. The 
purpose of such an assignment interconnecting the curricula of the second and third semesters was 
an effort to bring about a situation where it is necessary to organise new concepts within an already 
existing concept structure, and overcome the situation where students see the curricula of different 
disciplines as isolated wholes. An example of the created concept map is given in Figure 1.  

 
Figure 1. The example of the created concept map 

The concept maps prepared differed in their graphics, the number of concepts included, and the 
number of hierarchy levels. In the middle of the fourth semester, the students were assigned the task 
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of preparing a structured map with the topic of “divisibility” from a predetermined set of 20 key 
concepts. This was the current curriculum that is difficult for students due to a large quantity of 
interrelated concepts. An example of the prepared concept map with the topic of divisibility is given in 
Figure 2. This paper does not cover a more detailed analysis or point evaluation of the concept maps 
created. Possible approaches to the analysis are provided by Uhlířová [8]. 

 
Figure 2. The example of the created concept map 

4 ATTITUDES TOWARDS CONCEPT MAPPING IN MATHEMATICS (ACPM  
research) 

The paper will focus on partial results of the research entitled Attitudes Towards Concept Mapping in 
Mathematics (ACPM research), which was conducted at the end of the 2nd year of study of Teaching 
at the 1st Level of Primary School in the academic year 2016/2017. The research was focused on the 
identification of students’ attitudes to the possibility of using the concept mapping method to better 
understand the mathematics curriculum. For the purposes of the research, a non-standardised 
questionnaire was prepared. 49 respondents – full-time students took part in the research; these 
students prepared concept maps as part of Mathematics 2 and Mathematics 3. The respondents 
included 47 women (i.e. 95.92%) and 2 men (i.e. 4.08%). Due to this unbalanced representation, we 
will not deal with gender differences. 

We were interested in whether the students had already encountered the concept mapping method 
and the creation of concept maps. More than a half of the students (61.22%) only encountered the 
concept mapping method during the course Mathematics 2, where they created their first concept 
maps. The remaining students (38.78%) stated that they knew concept mapping from before. Most 
frequently, they had used concept mapping in psychology, foreign languages and in mathematics at 
primary or secondary school.  

The students were then supposed to indicate the degree of agreement to 15 statements (items a – q), 
which we divided into 3 areas as part of the analysis: personal learning strategies, professional focus 
of the future teacher, and obstacles. The answers to the questions were scaled from 1 to 5, where 1 
meant a complete disagreement and 5 complete agreement with the statement. The minimum point 
score for the individual statements was nmin = 49, the maximum point score was nmax = 245. The 
achieved point scores were within the interval of n ∈ ˂78; 194˃, the average score was np = 136.9. 
Table 1 shows the items that achieved the highest point scores. 
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Table 1.  Comparison of statements according to the declining point evaluation by the respondents 

Order Topic (Item) n 

1. Concept mapping may be useful to pupils (Item g) 194 
2. Concept mapping is a method that is suitable for pupils of the 1st level of 

primary school (Item n) 178 

3. I will use concept mapping in my teaching profession (Item h) 162 
4. Concept mapping helped me to organise concepts (Item a) 159 
5. Concept mapping was a meaningful activity (Item i) 156 
6. Concept mapping helped me to understand the curriculum (Item b) 148 
7 I will use concept mapping during my university studies (Item q) 144 

The first 3 items (g, n, h) fall within the area of the professional profiling of students – future teachers. 
The next four items (a, j, b, q) belong in the area of the personal learning strategy. The benefit the 
respondents see in concept mapping in terms of their future profession is much greater than the 
benefit they see for their effective personal growth. This statement is also supported by items that 
achieved the lowest point evaluation. Item l I do not understand the principle of concept mapping at all 
(n = 78) and Item k I use concept mapping often (n = 92) show that the students understand the 
principle of concept mapping, but have not adopted the method as an active part of their learning 
strategy. What seems positive is that the students agree to the statement that they will use concept 
mapping in their university studies (Item q, n = 144). 

The frequencies of answers to selected statements in line with Table 1 are shown in Graph 1. For the 
sake of interest, Item f I have also tried concept mapping in another subject (n = 110) was added to 
the graph. The structure of the answers clearly indicates that only 15 respondents (30.6%) have used 
the concept mapping strategy in a course other than mathematics. 

 
Graph 1:   The frequencies of answers to selected statements in line with Table 1 

We see the inclusion of the mental mapping method in the training of future teachers as very 
beneficial. In addition to improving students’ learning strategy, we believe the method has a positive 
influence on the teaching style of the future teachers. After all, only a teacher who himself/herself 
possesses motivation, belief, activity and creativity can evoke the same in his/her pupils. Only if the 
teacher is creative can his/her pupils develop the ability to think in a creative way, increase their 
motivation and, last but not least, examine their feelings when learning new skills through self-
expression. Creative skills and abilities should be included in the professional “equipment” of any 
teacher. 

In conclusion, we would like to include excerpts from a few of the students’ reflections. 
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.... I thought concept mapping was stupid. I have changed my mind. Now I always sketch 
small concept maps when I am learning something new or when I want to organise what I 
already know..., ...creating a concept map helps me organise my thoughts..., ...I think 
concept mapping is useful. I will definitely try it with children at school..., ...it is certainly 
useful..., ...the concept map was hard work and I see no benefit in it. There was always 
something missing or redundant..., ...it is rubbish... 

5 RESULTS AND DISCUSSION 
We were aware that we could not expect any great changes in study results from mental map 
constructions. Nevertheless, we believe that we definitely contributed to a new perception of 
mathematical problems and of searching for adequate solutions. In mental mapping, we presented 
students with a universal tool for solving problems, planning, and processing and memorising 
quantities of seemingly unrelated information. Mental mapping contributes to increasing students’ self-
confidence, and encourages them to actively participate in thinking, analysing and further 
development of ideas. As Fisher [4] says, “...concepts are ideas that organise our world so that we can 
understand it...”. We would just like to add that understanding should be the most important thing to 
us. The ACPM research was focused on student attitudes to the using of the concept mapping 
strategy for a better understanding of mathematical foundations. We believe that if future teachers 
accept concept mapping as a strategy that leads to a successful understanding of mathematical 
fundamentals, they will pass on this progressive method in the future teaching profession. 
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