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Abstract 
The first step in preparing pupils to enter and become part of the society is the knowledge of meaningful 
learning. Teaching pupils how to learn is a prerequisite for their lifelong learning, therefore, teachers 
should present their pupils a broad spectrum of opportunities as to help them learn efficiently and 
meaningfully. The current concept of mediating the learning content in a way that pupils are not able to 
assess information, interconnect them and find mutual connections is often criticised. Educational 
process conceived in this way frequently results in misunderstanding of learning content and learning 
encyclopaedically by memorization applying no critical thinking. One way of learning more efficiently 
and easily is to use mental maps in educational process. 

The subject of the paper are mental maps, their benefits, usage in educational process and impact on 
pupils’ learning performance. Learning performance is operationalized at factual, conceptual and 
procedural level of pupils’ knowledge. The aim of the study is to identify the impact of mental maps on 
quality of pupils’ learning performance. Through a survey, the study identifies and explains the impact 
of a mental mapping strategy in teaching science on primary education pupils, namely the pupils of the 
third and fourth grade. The research was designed as a pedagogical experiment based on a pretest and 
posttest of a sample of 108 pupils divided into an experimental and control group. The research results 
prove that pupils who apply mental mapping in learning achieve higher level of learning performance. 

Keywords: mental maps, educational process, learning performance, primary education. 

1 INTRODUCTION 
Nowadays, nobody questions the relevance of learning and the crucial importance of educational 
process. With increasing volumes of information from different scientific areas we come to the 
conclusion that learning process and educational process are far more complex than it has originally 
appeared. Learning is a lifelong process when a child acquires knowledge about the world, creates 
values and forms his behaviour. In educational process, one pupil learns by memorising, learns 
everything by heart missing the point, while another pupil tries to critically differentiate the relevant and 
irrelevant content. Educational process and learning process have rules that every teacher should be 
acquainted with and know how to use them in practice efficiently. Learning is dependent on individual 
characteristics of a person. What suits one pupil does not necessarily have to suit another one. Any 
pupil is always looking for learning strategies that would be the most efficient when learning. For this 
reason, the role of a teacher is to offer pupils a large scale of learning strategies and ways of their 
efficient use. 

Learning accompanies and influences any individual during his whole life, it is a process presented in 
all human activities in the flow of the development. Everybody is born with certain potential to learn. In 
the prenatal phase, our brain is being developed and growing fast, thanks to which new nerve endings 
are created. These endings are created by acquiring new knowledge, experience, and associations. 
Development is accelerated by practice while lack of experience decelerates it. Learning can be 
therefore defined as an activity that changes an individual in certain situation through impact of external 
conditions and that helps finding the right answer to impulses resulting in the change in behaviour as a 
final effect of learning process [1]. 

Meaningful learning has quantitative as well as qualitative character, which means that the structure of 
acquired knowledge is complemented by new knowledge and there are relations between different 
knowledge structures. During meaningful learning, solutions to issues like how to learn, how to connect 
previous knowledge to the new, how to develop cognitive and metacognitive abilities become more 
apparent [2]. 

Every child is born with certain potential, but in no case can we be sure to determine exact borders to 
his ability to learn. Many children including the most capable ones, but also those with learning problems 
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will not use their potential to the fullest. There are more reasons for unsuccessful educational process, 
and it does not always have to be clear to recognize them. Failure in children’s learning can be caused 
by children not being able to overcome boundaries in learning or because they have never learned how 
to learn [3]. 

In schools, teachers often say that they do not have enough time and the main goal is to manage to go 
through the content stated in the curriculum. That is why learning with encyclopaedical knowledge or 
learning by memorising come to the foreground. At this point, it is important to ask whether it is more 
necessary to teach pupils how to learn, so they have joy of discovering, creating and learning, or to try 
to go through as much curriculum content as possible, with no interest in pupils and their learning 
performance. This is the era of big changes when amounts of knowledge in technical, natural and social 
sciences gradually increase, and that is why the main and primary goal of education should be to teach 
pupils how to learn, so they can search information and evaluate them, connect them to their lives and 
know how to use them [4]. G. Petty [5] states that there should be no hurry in going through learning 
content. Important for pupils is the activity, through which they can modify the new content and store 
information to their long-term memory by using and reminding them. 

Teacher has to lead pupils’ learning in a way that pupils can create knowledge from available sources 
by themselves and become active participants of educational process, active solvers of problems and 
organisers of their own learning [6]. One of the learning strategies involving aforementioned 
characteristics is also mental mapping. 

1.1 Mental maps and their importance for educational process 
A mental map represents flows of our thoughts that are expressed verbally or through pictures 
surrounding the keyword (concept). Main words or so-called keywords are an intrinsic part of creation 
of a mental map, thanks to which we can easily remember and recall information or come to new, original 
and interesting ideas. Level of cognitive skills of every pupil is different and mental mapping is, therefore, 
a very individual learning method, because of its association with concepts. We can say that based on 
a mental map, we could identify one's personality [7]. 

Every mental map is created by different illustrations, concepts, frames, circles and other geometric 
shapes or figures that are interconnected with drawn lines or arrows. However, its real meaning can be 
found inside the figures and interconnected concepts and so can be verbal information included in its 
whole structure. Through mapping of a concept hierarchy, pupils can understand how they can express 
the hierarchy of thoughts from the given learning content and draw links between them. Even a 5-year-
old child is able to draw structure of a simple hierarchic mental map, but a map representing complexity 
and quality of thinking can be created only from the age of 10 [3]. 

Mental maps help us cope with large amounts of information, process it and create a comprehensible 
structure of it. Individuals using this technique stop feeling the pressure, no longer worrying that they 
may have forgotten something and that they will get lost in the information overload. Mental maps are 
useful in any place where organisation is necessary. Thanks to them we can think clearly. Mental 
mapping provokes yet disregarded thoughts and ideas, which means that it reveals our hidden potential 
and provides new possibilities [8]. 

In contemporary education, teachers should introduce pupils to as many ways to learn better and more 
efficiently as possible, with mental mapping as one of the less frequently used, but very useful ways of 
learning. As we already know, mental mapping brings logic by linking keywords from learning content 
and pupils do not have problems remembering particular pieces of knowledge, which is generally the 
biggest problem for pupils when learning. In educational process, a teacher has to focus on the way of 
graphical and logical representation of learning content and thus on the use of mental maps, their 
application and overall enhancement of pupils' learning [9]. 

Mental mapping presents for teachers a more interesting way of explaining the learning content. Using 
this technique, pupils actively participate in learning process and are encouraged to come up with new 
ideas, create their own mental maps individually and also in the lesson with a teacher. Through this 
method, a pupil cooperates with his mind, because he makes a major effort while creating it and tries to 
create it as perfectly as possible. There is also cooperation between pupil and teacher when teacher 
introduces pupils to new knowledge that pupils should connect [10]. J. Veteška [11] also states several 
proven advantages of mental mapping in education from the viewpoint of a teacher, such as clear 
representation of primary and secondary goals, better planning of teaching and structured content of 
teaching, analysis of basic links of educational process, identification of primary and secondary 
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concepts, thoughts and definitions resulting in creative teaching and a teacher proceeding in his work 
less stereotypically. From the pupils’ point of view, mental maps lead to activity and creativity reflecting 
the problem from different perspectives, and lead pupils to individual and problem thinking, introduce 
them to different thinking strategies, increase flexibility and speed of thinking, and enable reconstruction 
of learning content. They are also a tool for self-regulation of learning and enable pupils to perceive 
given content in certain context resulting in its long-term and fast retention. 

It would appear that pupils from higher grades who have developed abstract thinking, acquired reading 
comprehension and writing, who can distinguish concept hierarchy and orientate in teaching text would 
benefit from mental mapping more. However, research shows that, after certain modification, mental 
mapping can also be used for pupils from lower grades or pre-school children [12]. Teaching younger 
children with the use of a mental map or so-called conceptual map has multi-fold importance in terms 
of meaningful learning. Skills that are necessary for older children to work with conceptual maps 
become, in the case of younger children, content elements that are developed by mapping [13]. 

There is rationale for using innovative methods of mental mapping in primary education concerning 
pupils as well as teachers – pupils do not feel as if they were learning, educational process is used 
efficiently, and, at the same time, it is designed in an interesting way for them, brings the feeling of 
success, strengthens collective relations by cooperation, develops pupils’ communication skills and they 
can see what they have learnt, how was their performance, they can assess themselves, use 
intersubject relations [14]. 

2 METHODOLOGY 
The subject of the research is the method of mental mapping and its use in teaching Science in the 
primary cycle, and identification of its impact on pupils' learning performance at the level of factual, 
conceptual and procedural knowledge. 

The goal of the research was to discover impact of mental mapping on pupil's learning performance 
when teaching selected science topics in primary education (3rd and 4th grade of primary schools). 

The research problem: At the level of factual, conceptual and procedural knowledge, what is the impact 
of mental mapping on learning performance when teaching Science in the 3rd and 4th grade of primary 
school? 

We assumed that: 

• pupils, in case of which the strategy of mental mapping was used when teaching selected topics 
of the subject Science during experiment will achieve considerably higher learning performance 
at the level of factual knowledge than pupils, in case of which this learning method was not 
applied, 

• pupils, in case of which the strategy of mental mapping was used when teaching selected topics 
of the subject Science during experiment will achieve considerably higher learning performance 
at the level of conceptual knowledge than pupils, in case of which this learning method was not 
applied, 

• pupils, in case of which the strategy of mental mapping was used when teaching selected topics 
of the subject Science during experiment will achieve considerably higher learning performance 
at the level of procedural knowledge than pupils, in case of which this learning method was not 
applied. 

The research sample consisted of 108 pupils from the 3rd and 4th grade of primary schools. The 
sampling technique was purposive with regard to initial knowledge level of pupils in classes and 
curriculum in relation to the inclusion of selected topics in primary education. The experimental and 
control groups were selected randomly. 

We have chosen experiment as our research method, because it is the only method that can prove 
causal implications of pedagogical activity. In order to apply strategies of mental mapping, topics from 
the subject Science were selected for experimental verification. 

In the plan of an experiment, we used pretest and posttest drawn up in the wake of the revised Bloom 
taxonomy [15]. 

In the experiment, pupil's learning performance and the level of acquired knowledge represented a 
dependent variable. The independent variable was mental mapping. In the case of the experimental and 

9788



control group (hereinafter "EG" and "CG"), results concerning factual, conceptual and procedural 
knowledge depending on the way of presentation of learning content with emphasis on application of a 
mental map in educational process were obtained in an experiment. 

For the purpose of data evaluation, descriptive statistics, analysis of paired t-test to average value and 
analysis of difference score (of posttest and pretest) focusing on the change of different groups between 
pretest and posttest were used. Obtained results were processed and analysed using computer program 
Excel for descriptive statistics method. The results from the 3rd and 4th grade were evaluated and 
interpreted jointly. 

3 RESULTS 

3.1 Evaluation of the impact of mental mapping on the level of factual 
knowledge 

We assumed that pupils, in case of which the strategy of mental mapping was used when teaching 
selected topics of the subject Science during experiment will achieve considerably higher learning 
performance at the level of factual knowledge than pupils, in case of which this learning method was not 
applied. 

Tab. 1 contains descriptive statistics of group results in pretest and posttest (mean, minimum, maximum, 
standard deviation, standard error, median, skewness and kurtosis), the score of pretest and posttest 
regarding factual knowledge for control and experimental class. 

Table 1. Descriptive statistics on pretest and posttest scores. 
 N M SE SD MIN MAX MEDIAN S C 

pretest_EG 
57 

2.421 0.170 1.281 0 7 2 1.001 1.726 
posttest_EG 5.368 0.236 1.779 0 9 5 -0.052 1.075 
pretest_CG 

51 
2.216 0.191 1.361 0 7 2 0.731 1.573 

posttest_CG 3.588 0.276 1.972 0 8 4 0.360 -0.547 
(N – Count, M – Mean, SE – Standard Error, SD – Standard Deviation, MIN - Minimum, MAX - 

Maximum, MEDIAN – Median, S - Skewness, C - Kurtosis) 

Table 2. Paired t-Test for average value. 

  df t P 
pretest_EG 56 -13.742 < 0.001 posttest_EG 
pretest_CG 

50 -5.139 < 0.001 posttest_CG 
(df – degrees of freedom, t – Test statistic, p – P-value) 

The results of t-Test show that, at the level of statistical significance < 0.05, differences between the 
pretest and posttest in groups are significant. 

3.1.1 Analysis of difference score in control and experimental group – factual knowledge 
Difference score represents the difference between the scores in posttest and pretest. Tab. 3 shows 
descriptive statistics of difference score for EG and CG. 

Table 3. Descriptive statistics on difference score for control and experimental group. 

  N M SEM SD MIN MAX Median S C 
EG 57 2.947 0.214 1.619 -1 7 3 -0.095 0.186 
CG 51 1.373 0.267 1.907 -2 7 1 0.933 1.174 

In order to evaluate whether the difference score for EG and CG shows statistically significant difference, 
we used two-sample t-Test for equality/inequality of variances. We used F-test for equality of variances 
to discover equal variances. 
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Table 4. Results of F-test difference score for equality of variances. 
 df F P 

EG 56 0.721  0.117 
CG 50 

Tab. 4 includes results of F-test, in which we test equal variances in groups. The value for test statistic 
F is 0.721 and P-value is 0.117, which means that, at the significance level < 0.05, there is no significant 
difference in difference score variability between EG and CG, therefore we further used t-Test for 
equality of variances. 

Table 5. Results of t-Test difference score for equality of variances. 

  Df t P 
EG 

106 4.639 < 0.001 
CG 

Tab. 5 presents results of t-Test for equality of variances in groups. The value of test statistic t is 4.639, 
P-value is < 0.001, meaning that, at the significance level < 0.05, the difference between the difference 
score of EG and CG is significant. 

3.2 Evaluation of the impact of mental mapping on the level of conceptual 
knowledge 

We assumed that pupils, in case of which the strategy of mental mapping was used when teaching 
selected topics of the subject Science during experiment will achieve considerably higher learning 
performance at the level of conceptual knowledge than pupils, in case of which this learning method 
was not applied. 
Tab. 6 contains descriptive statistics of group results in pretest and posttest (mean, minimum, maximum, 
standard deviation, standard error, median, skewness and kurtosis), the score of pretest and posttest 
regarding conceptual knowledge for control and experimental class. 

Table 6. Descriptive statistics on pretest and posttest scores. 

  N M SE SD MIN MAX MEDIAN S C 
pretest_EG 

57 
3.123 0.240 1.813 0 7 3 0.258 -0.771 

posttest_EG 7.912 0.298 2.246 3 12 8 -0.465 -0.234 

pretest_CG 
51 

2.686 0.260 1.860 0 7 3 0.344 -0.421 

posttest_CG 4.588 0.231 1.651 0 8 5 -0.300 0.504 

Table 7. Paired t-Test for average value. 

  df t P 
pretest_EG 

56 -15.637 < 0.001 
posttest_EG 
pretest_CG 

50 -10.574 < 0.001 
posttest_CG 

The results of t-Test show that, at the level of statistical significance < 0.05, differences between the 
pretest and posttest in groups are significant. 

3.2.1 Analysis of difference score in control and experimental group – conceptual 
knowledge 

We obtained the difference score as the difference between the scores in posttest and pretest. Tab. 8 
shows descriptive statistics of difference score for EG and CG. 
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Table 8. Descriptive statistics on difference score for control and experimental group. 

 N M SEM SD MIN MAX Median S C 
EG 57 4.789 0.306 2.313 0 9 4 -0.012 -0.624 

CG 51 1.902 0.180 1.285 0 4 2 0.072 -1.126 

In order to evaluate whether difference score for EG and CG shows statistically significant difference, 
we used two-sample t-Test for equality/inequality of variances. We used F-test for equality of variances 
to discover equal variances. 

Table 9. Results of F-test difference score for equality of variances. 
 df F P 

EG 56 
3.241 < 0.001 

CG 50 

Tab. 9 includes results of F-test, in which we test equality of variances in groups. The value for test 
statistic F is 3.241 and P-value is < 0.001, which means that, at the significance level < 0.05, there is a 
significant difference in difference score variability between EG and CG, therefore we further used t-
Test for inequality of variances. 

Table 10. Results of t-Test difference score for equality of variances. 

  Df t P 
EG 

89 8.129 < 0.001 
CG 

Tab. 10 presents results of t-Test for inequality of variances in groups. The value of test statistic t is 
8.129, P-value is < 0.001, meaning that, at the significance level < 0.05, the difference between the 
difference score for EG and CG is significant. 

3.3 Evaluation of the impact of mental mapping on the level of procedural 
knowledge 

We assumed that pupils, in case of which the strategy of mental mapping was used when teaching 
selected topics of the subject Science during experiment will achieve considerably higher learning 
performance at the level of procedural knowledge than pupils, in case of which this learning method was 
not applied. 

Tab. 11 contains descriptive statistics of group results in pretest and posttest (mean, minimum, 
maximum, standard deviation, standard error, median, skewness and kurtosis), the score of pretest and 
posttest regarding procedural knowledge for control and experimental class. 

Table 11. Descriptive statistics on pretest and posttest scores. 

 N M SE SD MIN MAX MEDIAN S C 
pretest_EG 

57 
0.526 0.097 0.734 0 3 0 1.307 1.237 

posttest_EG 3.088 0.223 1.683 0 6 3 -0.259 -0.800 

pretest_CG 
51 

0.686 0.144 1.029 0 5 0 2.050 5.348 

posttest_CG 1.294 0.141 1.006 0 4 1 0.963 1.239 
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Table 12. Paired t-Test for average value. 

  df t P 
pretest_EG 

56 -12.317 < 0.001 
posttest_EG 
pretest_CG 

50 -4.250 < 0.001 
posttest_CG 

The results of t-Test show that, at the level of statistical significance < 0.05, the differences between the 
pretest and posttest in groups are significant. 

3.3.1 Analysis of difference score in control and experimental group – procedural 
knowledge 

Difference score represents the difference between the score in posttest and pretest. Tab. 13 shows 
descriptive statistics of difference score for EG and CG. 

Table 13. Descriptive statistics on difference score for control and experimental group. 

 N M SEM SD MIN MAX Median S C 
EG 57 2,561 0,208 1,570 0 6 3 0,313 -0,242 

CG 51 0,608 0,143 1,021 -2 3 1 0,165 0,291 

In order to evaluate whether difference score for EG and CG shows statistically significant difference, 
we used two-sample t-Test for equality/inequality of variances. We used F-test for equality of variances 
to discover equal variances. 

Table 14. Results of F-test difference score for equality of variances. 

 df F P 
EG 56 

2.363 < 0.001 
CG 50 

Tab. 14 includes results of F-test, in which we test equality of variances in groups. The value for test 
statistic F is 2.363 and P-value is < 0.001, which means that, at the significance level < 0.05, there is a 
significant difference in difference score variability between EG and CG, therefore we further used t-
Test for inequality of variances. 

Table 15. Results of t-Test difference score for equality of variances. 

  Df t P 
EG 

97 7.740 < 0.001 
CG 

Tab. 15 presents results of t-Test for inequality of variances in groups. The value of test statistic t is 
7.740, P-value is < 0.001, meaning that, at the significance level < 0.05, the difference between the 
difference score for EG and CG is significant. 

Achieved learning performance in pretest and posttest and the difference of achieved group scores are 
included in summary Fig.1. 
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Figure 1. Comparison of pretest and posttest results for EG and CG in percentage. 

Based on the results of this experiment, we conclude that our assumptions were confirmed. Pupils, in 
case of which the strategy of mental mapping was used when teaching selected topics of the subject 
Science during experiment achieved considerably higher learning performance at the level of factual, 
conceptual and procedural knowledge (in the Fig. 1 as “FK”, “CK” and “PK”) than pupils, in case of which 
this learning method was not applied. 

4 CONCLUSIONS 
In different school subjects, teachers use traditional teaching methods to activate pupils, such as 
discussion, dramatization, dialogue and other. We share the opinion that the strategy of mental mapping 
should be used more in order to give pupils space to graphically organise and prioritise different 
elements of learning content and, more importantly, interconnect the structure of acquired knowledge 
with new pieces of knowledge. With regard to pupil, creation of mental maps itself supports meaningful 
learning and, with regard to teachers, represents feedback on how pupils understood the learning 
content. 

Our psycho-didactic research focused on verification of impact of mental mapping on the level of 
learning performance in primary education in relation to the factors of factual, conceptual and procedural 
knowledge. We have discovered that pupils, in case of which the strategy of mental mapping was used 
when teaching selected topics of the subject Science during experiment achieved considerably higher 
learning performance at the level of factual, conceptual and procedural knowledge than pupils, in case 
of which this learning method was not applied. 

In terms of overall evaluation, we can state that, in the primary cycle of education, mental mapping has 
positive effect on pupil’s learning performance. Similar results were also recorded when verifying the 
strategy in teaching of national history in the primary cycle of education [16]. The research was 
conducted in a form of a pedagogic experiment and showed that pupils, who are learning certain topic 
using mental maps, achieve higher level of learning performance than pupils, who are learning the same 
topic using traditional methods. Different results concerning the suitability of mental mapping were 
recorded in the secondary cycle of education [17]. After assigning pupils with conceptual maps and their 
graphical evaluation, it has been established that pupils, to whom the learning content is not presented 
in a linear manner, achieve higher level of expertise in selected subjects than pupils, to whom is the 
learning content presented in a linear manner. 

Based on the given findings, we recommend teachers to use mental mapping strategy in educational 
process, but an important factor in this respect is the need to provide pupils with training on how to use 
mapping techniques. We also recommend to gradually move from mind mapping to conceptual 
mapping. For more complex types of conceptual maps and difficult topics, it is advisable to enable pupils 
to create mapping drafts, which they can reorganise little by little and work towards creating final maps. 
Pupils and also teachers can benefit from comparing original conceptual maps to the final ones, because 
different maps record progress or changes of pupil’s knowledge system during teaching and learning. 
Our opinion is that, in order to make work with conceptual maps in teaching really efficient and 
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meaningful, additional discussion with pupils is an important part of the whole process. In this respect, 
we recommend teachers to lead discussions with pupils when using maps, since every map of every 
pupil is subjective and cannot be evaluated as incorrect. It reflects on pupil’s understanding of different 
elements of learning content, interconnection of already acquired information, experience, acquired and 
retained knowledge, and also on new information that should be acquired and integrated into the overall 
knowledge system of a pupil. 
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