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Abstract 
The teaching of mathematics has been undergoing a series of discussions and controversies of how 
to improve the teaching of mathematics. It turns out that the classical formalistic method of teaching, 
as understood by us, can be replaced by other forms of teaching. The aim of this is to involve the pupil 
as an active element of the learning process. The main objective is to improve the relationship of 
pupils to mathematics and to increase pupils' participation in teaching. The aim of the article is to show 
that teaching mathematics using heuristic approaches can  improve a variety of pupil's school 
competences, such as the ability to learn independently, the ability to solving problems, and improving 
the relationship to mathematics. It turns out that these competencies can be enhanced by teaching 
through research-based teaching approaches when students solve mathematical problems and use 
scientific methods to solve them. There is also described the experiment, which was carried out at one 
secondary vocational school, and which had to compare some differences between the teaching 
conducted by the problem-solving method and the classical formalistic method of teaching. 
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1 INTRODUCTION 
Modern method of teaching mathematics have one important aim which is to improve the relationship 
of pupils to mathematics and to increase pupils' participation in teaching. The classical formalistic 
method of teaching is the reason that knowledge of mathematics is formalistic, based on mechanical 
and verbal learning formulas and sentences. [7] says that the knowledge gained from the formalistic 
way of teaching is unstable, by the pupils quickly forgotten, trained only by memory. These formalistic 
knowledge do not train thinking and the imagination of pupils. 

Modern teaching methods try to use heuristic strategies in teaching. The aim of this is to involve the 
pupil as an active element of the learning process. The discussion then is of how a pupil can 
participate in the process of discovering new knowledge, as [14] describes.  

Teachers can choose from a wide range of methods. By using the scientific method the pupil 
independently discovers the knowledge to be learned and controls the discovery process itself. 
Therefore, the research method is referred to as the heuristic method of teaching. In a heuristic 
method, the pupil actively participates in the search, discovering the knowledge to be taught. 

[5] uses the mathematical discovery process to solve problems and identifies it as a research 
approach. He says that pupils and students in their teachings will allow this method to penetrate into 
mathematics much deeper than the other methods allow. According to [10], the experimental method 
uses constructivist approaches to teaching when we use experimentation to solve the problem. 

This problem solution process according [5] looks like this: given problem - experimenting - hypothesis 
declaration - hypothesis verification - hypothesis proof – final sentence. According to [6], 
experimentation is the second phase of searching for the solution to the problem. 

Therefore, [5] specifies the experimental method as a definition of a research approach, in which, we 
search for the solution of the problem, and in which we proceed mathematically and systematically. 
According to [5], in mathematical discovery we can use a whole range of heuristic strategies that we 
choose according to the nature of the problem. 

2 CURRENT RESEARCHES 
Heuristic approaches to teaching mathematics have been experienced since the middle of the last 
century. [9], states in his thesis that the solution of the problem can be divided into four basic phases: 
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1. understanding the problem, 2. designing a solution plan, 3. implementing the planned solution, and 
4. verifying the result. 

The [9] is followed by [13], who described the research, in which selected student groups participated 
in experimental teaching courses. Research has shown that students who were taught by 
experimental teaching courses were 20% better at math problems than students who did not attend 
these courses. Yuan therefore claims that teaching through an experimental method increases the 
ability of students to solve problems more than classical teaching. 

Another research about the impact of the experimental method on teaching is described by [12]. The 
results showed that students who learned by experimenting method of teaching were later more 
successful in resolving new problems and were more flexible in selecting appropriate resolution 
strategies. 

The authors of pedagogical research [1] focused on how the individual learns to solve problems. 
Research results have shown that teaching students by using an experimental method helped them to 
develop research schemes and they then used them to solve new problems. The results also showed 
that teaching through an experimental method improves students' ability to solve problems. 

In the teaching experiment conducted by [11] students were introduced to various problem-solving 
strategies. The results of the research have shown that mathematical education through the 
experimental method develops algebraic thinking of students and the ability to solve problems. 

The research conducted by [2] focused on influence of the experimental method on students and their 
relationship to mathematics. The findings of the research confirmed that the students of the 
experimental group changed their relationship to mathematics more positively than the students of the 
comparative group. 

On the basis of the results of the described studies, a pedagogical experiment was carried out to 
check whether similar results can be achieved in the conditions of the Czech secondary vocational 
school. 

3 RESEARCH TARGET 
The aim of the research was to find out the possibilities of using the experimental method to develop 
the competencies of the pupil of the secondary vocational school. The aim was to verify how the 
experimental teaching method can influence the pupil's relationship to mathematics and his/her ability 
to solve mathematical problems independently. 

3.1 Research questions 
VO1: Does the teaching of experimental methods significantly improve pupils' relationship to 
mathematics compared to classical teaching of mathematics? 

VO2: Does the teaching of experimental methods significantly improve pupils' ability to solve problems 
compared to classical teaching of mathematics? 

Based on these research questions, the following working hypotheses were formulated. 

3.2 Formulation of research hypotheses 
HO1: After a teaching experiment the relationship of pupils to mathematics improves more in teaching 
conducted with the experimental method than of pupils who are taught classically 

HO2: After a teaching experiment the students in the experimental class will increase their self-solving 
skills more than the students in the comparative group. 

4 METHODOLOGY OF RESEARCH  
To answer the research questions and verify the established hypotheses, a pedagogical experiment 
was chosen as a suitable method. As a method of data collection, a questionnaire and a pedagogical 
test were selected.  
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4.1 Respondents 
For the pedagogical experiment, two groups of students were selected, one experimental for 
experimental teaching (ET class), and the other comparative (ST class), in which the classical 
classroom was used. In the experimental class there were 18 pupils, 17 boys and 1 girl, aged 17 
years. In the comparison class there were 28 pupils, all boys. The experiment took place at the 
secondary school in Tábor during the school year 2017/18. 

4.2 Areas of data collection, data quantification and statistical methods used 
To collect data of pupil´s relationship to mathematics was used a standardized questionnaire. There 
were three sections of the questions in the questionnaire. 1. The relation to mathematics (abbr. OM), 
2. The relationship to teaching mathematics (abbr. VM), 3. The teaching to all subjects (abbr. VP). 
Questionnaire evaluation was done for each area separately. The problem solving test (abbr. VD) was 
prepared according the study plan of students. 

MS Excel and Statistical Program R were used for data processing. 

To compare the results of the same class before and after the experiment, we used a pair test. To 
compare the average results of the experimental and comparative classes to each other, was used the 
two-sample Student Test (t-test). 

5 RESULTS OF THE EXPERIMENT 
The analysis of the results of the questionnaire and the problem-solving test was carried out in the 
statistical program R. The change between the "pre - post" period in the average results obtained by 
the numerical characteristics was evaluated. Statistically, it was necessary to verify whether the 
change was significant or not. On the basis of the result of the significance of the change, the 
assumed hypothesis was accepted or rejected. 

The verification of the significance of the change was done by the pair test. When the average results 
were increased, a right-hand test was used while a left-hand test was used when the average results 
decreased. If the data did not have a normal distribution, the nonparametric Wilcoxon test was used. 

At the beginning we tested the verification of the normality of data by Shapiro-Wilkoxon's test in the 
statistical program R. 

5.1 Statistical results of questionnaire data 
Results of Shapiro-Wilkoxon's test: data normality was in all areas in the experimental class of the 
normal distribution except of the OM area and the VP area where the use of nonparametric Wilcoxon 
tests was necessary.  

The results of the paired tests were the basis for the final verification of the significance of the average 
change of the final and starting data. According to standardized statistical methods describe by [4], we 
first formulated zero and alternative hypothesis for evaluating the significance of the difference 
between starting and final results. 

The zero hypothesis H0 says that the scoring of the final and starting results does not change 
significantly, against the alternative hypothesis HA, which says that the scoring of the final results will 
increase significantly compared to the starting results. The decission of acceptance of the alternative 
hypothesis HA was made when the p-value was smaller than 0,05 significance level, if not the zero 
hypothesis H0 was not rejected.    

5.1.1 Summary of results in mathematics (OM) in ET Class 
Mean of results: pre-test 𝑥" = 	1,36, post-test 𝑥) = 	1,47, p-value = 0,4404 (> 0,05). 

Since the p-value was greater than the 0,05 significance level, the zero hypothesis was not rejected. 

Conclusion: H0 was not rejected. 

Summary: Since the p-value was greater than the 0,05 significance level, there was no significant 
improvement in the results. Improvement of the final results of the experimental class compared to the 
initial results was not statistically significant in this area. 
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5.1.2 Summary of results in the field of mathematics (OM) in ST class 
Mean of results: pre-test 𝑥" = 	2,44, post-test 𝑥) = 	2,29, p-value = 0,3052 > 0,05. 

Since the p-value was greater than the 0,05 significance level, the zero hypothesis was not rejected. 

Conclusion: H0 was not rejected. 

Summary: the reduction in final results was not significant. The worse results of ST class students 
attitudes to mathematics was reduced, but not significantly. 

5.1.3 Summary of results in the field of mathematics (PM) in ET class 
Mean of results: pre-test 𝑥" = 	9,79, post-test 𝑥) = 	8,37, p-value = 0,2197 (> 0,05). 

Since the p-value was greater than the 0,05 significance level, the zero hypothesis was not rejected. 

Conclusion: H0 was not rejected. 

Summary: final test results decreased but not significantly in ET class. This means that ET students' 
attitudes towards the mathematics as a subject got worse, but not significantly. 

5.1.4 Summary of results in the field of mathematics (PM) in ST class 
Mean of results: pre-test 𝑥" = 	43, post-test 𝑥) = 	47,1, p-value = 0,09835 (> 0,05). 

Since the p-value was greater than the 0,05 significance level, the zero hypothesis was not rejected. 

Conclusion: H0 was not rejected. 

Summary: the increase in mean of ET class results was not statistically significant. ET class attitudes 
have improved but not significantly. But at p-value we see that if we chose a 10% level of significance, 
the increase would already be significant. 

5.1.5 Summary of the results in the teaching of all subjects (VP ) in the ST class 
Mean of results: pre-test 𝑥" = 	48,2, post-test𝑥) = 	53,7, p-value = 0,047 (< 0,05) 

Since the p-value is less than 0,05, the zero hypothesis is refused in favor of an alternative 
hypothesis. 

Conclusion: H0 was refused in favor of the alternative hypothesis HA. 

Summary: Wilcoxon's right-hand paired test has shown the significance of increase in mean in ST 
class. In the comparative class, the students' relationship to all subjects was significantly improved. 
Since p-value was only slightly below the significance level of 0,05, the significance of the increase 
should be taken with caution. 

The results of all areas of the questionnaire clearly show that the experimental class did not achieve 
any significant improvement in final results compared to starting results. The alternative hypothesis HA 
has not been verified in any area. 

5.1.6 Validation of HO1 Hypothesis: 
Based on all the previous findings, it was concluded that the attitudes to mathematics of the 
experimental class pupils did not improve significantly after experimental teaching, compared to those 
of the comparative class. Therefore, the validity of the HO1 research hypothesis has not been proven. 

5.2 Discussion on the results of the questionnaire 
It has not been proven that ET class pupils achieved better attitudes towards mathematics than the ST 
class pupils after the end of the experiment. As a whole, the experimental class did not have 
significantly better results than at the beginning, as we expected before the experiment began. We 
can say that experimental teaching did not bring any change in the pupils' attitudes towards 
mathematics. 

Pupils in the experimental class had improved attitudes in the areas studied, but the significance of 
these improvements was not verified.  
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Improvements in results have not been significant and cannot be assessed as a result of teaching 
conducted by an experimental method. Pupils of the comparative class also improved their results, but 
this class was not evaulated. 

There were no significant changes in pupils' attitudes towards mathematics. The duration of 
experimental teaching was too short to change the attitudes, especially when attitudes are more stable 
than, for example, basic school pupils. In addition, a number of pupils in the experimental class have 
received a negative attitude towards mathematics and its teaching at lower levels of education. It is 
always easier to create a new relationship than to change the existing negative attitude. 

Comparison of the final and beginning ET class results did not bring the expected result that the pupils 
would change their attitudes to mathematics significantly after the end of the experiment.  

5.3 Statistical results of solving problem test 
Results of the Shapir-Wilkox test: data were normal in all groups, so a parametric paired t-test could 
be used. 

The results of the paired tests were the basis for the final verification of the significance of the change 
in average of the final and starting results. First, we have proclaimed a zero and alternative hypothesis 
for evaluating the significance of the difference between starting and final results. 

The zero hypothesis H0 says that the scoring of the final and starting results does not change 
significantly, against the alternative hypothesis HA, which says that the scoring of the final results will 
increase significantly compared to the starting results. 

5.3.1 Summary of the results of the problem - solving test in ET Class 
Mean of results: pre-test 𝑥" = 	19,1, post-test 𝑥) = 	22,4, p-value = 0,0181 < 0,05. 

Since the p-value is less than 0,05, the zero hypothesis is refused and an alternative hypothesis is 
accepted. 

Conclusion: H0 is refused and HA is accepted.  

Summary: the mean of results of problem solving test has increased significantly (from 19,2 to 22,5). 
The paired test showed the significance of this increase at 5% significance level. 

Also interesting is the standard deviation indicator.  The data variability was 6,5 in the beginning and 
2,5 in the final test. It shows that the majority of the pupils had better and similar results in the final test 
than at the beginning. In fact, the pupils learned better how to solve problems at the end of the 
experiment compared to the beginning.  

5.3.2 Summary of the results of the problem - solving test in ST Class 
Mean of results: pre-test 𝑥" = 	17.3, post-test 𝑥) = 	20.5, p-value = 0,9968 > 0,05. 

Since the p-value is greater than 0,05, the null hypothesis is not rejected.  

Conclusion: H0 is not refused.   

Summary: A paired test did not show the significance of improving final results compared to beginning 
results at a 5% significance level. 

We also made a comparison of the final results of both classes. We used the Student's test to 
compare the final results of the experimental and comparative classes. At first we used the F-test to 
test if there was approximately the same variance in both files. In the Student's test, we set a zero and 
alternative hypothesis to evaluate the significance of the difference between the results of both 
classes. 

The zero hypothesis H0 says that the results of both classes will be the same, against the alternative 
hypothesis HA, which says that the results will be significantly higher in the experimental class. 

5.3.3 Comparison of final results of solving problems test of both classes 
Comparison of final results of solving problems test of both classes 
First, we verified by F test that the variance of the final data in both classes did not differ significantly. 
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F test results: the variance of the final data in both classes did not differ significantly. Therefore, we 
could use a two-tailed t-test for the same variance to compare the significance of the ET class pupil 
results compared to the ST class. 

Average final results: in ET class 𝜇" = 	22,47, in ST class 𝜇) = 	20,55, p-value = 0,0166 (< 0,05). 

Conclusion: H0 is refused and HA is accepted. 

Summary: ET class results were significantly better in final results compared to ST class results. At 
the end of the experiment, the results of the experimental class pupils in problem solving were 
significantly better than those of the comparative class. 

5.3.4 Validation of HO2 hypothesis 
Based on all previous findings, it was concluded that the problem solving abilities of pupils in the 
experimental class significantly changed compared to those of the comparative class. The research 
hypothesis HO2 proved to be valid. 

5.4 Discussion on results of the problem solving test 
The problem-solving test results showed that, in the experimental class, the results of the problem 
solving abilities at the end of the experiment significantly improved. In the final test, the pupils were 
able to find far more successful solutions to the tasks which they could not solve at the beginning. The 
results of the post-test significantly improved compared to the pre-test. With the paired test it was 
verified that the results increased significantly at the end of the experiment. This was one of the aims 
of the research. The experiment confirmed the validity of the hypothesis HO2. 

Experimental class students were able to explore the new problem, to work with it, even though they 
might not find the final solution. Students of the comparative class did not start to solve the new 
problem, very often. The difference between the experimental and comparative classes at the end of 
the experiment showed that the experimental class pupils were able to use the problem-solving 
experience to solve a new problem, were able to use new approaches to discover it and were able to 
discover any new knowledge to learn. The experimental class students also actively participated in the 
teaching process. 

6 CONCLUSIONS 
The results of the experiment have shown that the experimental method is beneficial for the teaching 
of mathematics because the results of the experimental class pupils have improved. 

Certainly in some areas of mathematics, such as functions or algebra, this method can be successfully 
used, but in many areas of mathematics, such as sets or complex numbers, classical teaching is 
preferable. 

Definitely, this method is motivational, involving pupils in lessons and teaching them creativity. As the 
experimental class teacher noted: “I would definitely recommend teaching this method, as it involves 
pupils more in the lesson than if they were only passively watching the lecturer. It makes pupils think 
more. It is therefore necessary to alternate different approaches in each lesson. It also depends on the 
topic." 

For further research in this area, I would recommend that they follow up on this research and be 
targeted at pupils in vocational secondary schools. Research has not yet been undertaken in this area. 
It is useful for pupils of secondary vocational schools to get acquainted with the scientific approach to 
problem-solving, because they can also use it in other scientific disciplines or technical subjects where 
various problems can be solved by experimentation. 

The use of the experimental method in teaching is primarily a matter of the teacher, his willingness to 
lead teaching differently, the method to identify and prepare appropriate problems for teaching by this 
method. Therefore, it is necessary to systematically prepare future teachers to work with this method 
during their studies at the faculties of education. 
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