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Abstract 
This article is focused on chemical skills and their applications in the field of electrochemistry. 
The main problem is the application of electrochemical voltage series on solving of practical problems. 
The article compares the results received with university students (future teachers of chemistry) in 
their last year of study with the results received with lower secondary school pupils and upper 
secondary school pupils.  

It follows from our results that only 1/3 of university students of chemistry teaching in the last year of 
their study does understand the rules of electrochemical voltage series. Similar situation is with upper 
secondary school students. As for lower secondary school, according to our results the children must 
be taught some “cookbook procedure”. They do not know the rules how to use the electrochemical 
voltage series, they do not even recognize the rules among other possibilities. But they do correctly 
solve tasks that require application of the rules. How do they do it? They cannot learn it from their 
textbook, as the subject matter is not explained very well there. Maybe their teachers tried to teach 
them how to use the electrochemical voltage series, but they did not connect his/her explanation with 
the text in the textbook.  

This situation is very sad, as electrochemical voltage series gives a great opportunity to explain why 
some substances do react one with the other, and why other substances do not. Instead, many 
children only memorize the reactions, beginning to hate chemistry because of too much subject 
matter. 
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1 INTRODUCTION 
One of the most difficult and least favourite problems for students of both physics and chemistry is the 
field of electrochemistry. The reason might be the fact that it is the interdisciplinary problem, that 
means that teacher of one subject rely on the teacher of the second subject and none of tries to 
understand this problem thoroughly. But, on the other hand, particularly this subject matter gives a lot 
of opportunity to develop abstract thinking of pupils and students instead of learning it by heart. For 
this article we choose the problem of electrochemical voltage series.  

This is a typically interdisciplinary problem of galvanic cells, formed by 2 electrodes. The easiest 
possibility is that the electrode is formed by a metal M submerged into a solution that contains cations 
of the metal mz+. These might be for instance zinc in a solution of zinc sulphate or copper in a solution 
of copper sulphate. When we electrically connect 2 electrodes so that the electrons and ions can 
move through the system (the electrons move through metals, the ions move through solutions), one 
of the electrodes is more negative (in our case zinc in the solution of zinc sulphate) and the second 
electrode is more positive (in our case copper in the solution of copper sulphate). In this case the 
electrons move through the wires from the place of negative potential to the place of positive potential, 
leaving cations of the more negative metal.  

This is called a half-reaction: Zn → 2e– + Zn2+. The electrons move through the conductors (wires) into 
the other metal (copper) and allow the situation that the copper cations present in the solution are 
a subject to another chemical half-reaction: Cu2+ + 2e– → Cu. Both the half-reactions must take place 
simultaneously.  

In order to find quickly which electrode is more positive and which one is more negative in any 
galvanic cell, the voltage of many galvanic cells was measured (one of the electrodes being so called 
standard hydrogen electrode). The potential of the standard hydrogen electrode was by definition 
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given to be 0 V. Electrical voltage of these cells (called also electrode potentials) is given in chemical 
tables and the most typical electrodes M/Mz+ are arranged according to their rising voltage into so 
called Beketov`s electrochemical voltage series.  

Nowadays, the subject matter of Beketov`s electrochemical voltage series is not given in Czech 
curricular documents for lower secondary school (Framework educational program), although it might 
be used very effectively to promote abstract thinking of the pupils. Although the subject matter is 
mentioned in the most frequently used textbook of Sibor et al. [1], the text about Beketov`s series 
is explained with mistakes in the textbook (p. 14). The main problem of this and other (older) textbooks 
[2], [3] is that the text in the textbook designed for lower secondary school does not distinguish 
properly between neutral atoms of metals and their cations. The result of this situation might be that 
the pupils or students learn the illustrative examples by heart and do not “waste their time” to try to 
understand the text. Moreover, in some cases the text in the textbook is wrong, that is why it is 
impossible to understand it properly without any other sources of information. For more information 
about textbook analysis with respect to Beketov`s series, see [4].  

That is why we were interested in the following questions: Do pupils or students recognize proper 
instructions for work with Beketov`s series? Do they understand the rules for work with Beketov`s 
series or do they only “cram” the subject matter by heart? How does their knowledge and skills to work 
with Beketov`s series depend on their age (level of school)? 

2 METHODOLOGY 
As a research method we used a test of application skills that has been published earlier [5]. The main 
goal of the test was the fact that it contained 3 kinds of questions:  

A: test items that required solving more complex problems (application of knowledge), 

B: test items that checked whether the respondent does have the knowledge necessary to solve the 
application questions (previous group of test items), 

C: test items that were added just only for the respondents did not recognize the relationship between 
the previous 2 types of test items. 

Complete results received with this test (45 test items) have been published earlier [5]. The test was 
administrated to 98 Czech university students of chemistry teaching in their last year of study, to 85 
upper secondary school students in the last year of their study of chemistry (usually the 3rd year of 
study) and to 141 pupils of the lower secondary school in the last year of the compulsory school 
attendance). The results of the testing (the test items focused on Beketov`s electrochemical voltage 
series) are given in the following chapter. 

3 RESULTS AND THEIR DISCUSSION 
With the problem of electrochemical voltage series, 2 test items were connected. The first of them 
required just recognition of proper rules of using of Beketov`s series (from 4 offers; 1 correct answer 
and 3 distractors). The results of this part of test are given in Table 1. 

Table 1.  Recognition of correct rules for work with Beketov`s series. 

Level of education Distractor a 
(%) 

Distractor b 
(%) 

Correct 
answer c (%) 

Distractor d 
(%) 

No answer 
(%) 

Lower secondary school 12,1 27,7 24,1 19,9 16,3 

Upper secondary school 18,8 18,8 28,2 21,2 12,9 

University  4,1 13,3 44,9 22,4 15,3 

The results in Table 1 show interesting results for education: The answers of lower secondary school 
pupils are approximately evenly divided between all the 4 offers. That means that lower secondary 
school pupils did guess their answers. Some of them maybe tried to learn the text form textbook. It is 
similar to the distractor b – it was the most often chosen answer by lower secondary school pupils. 
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The answers of upper secondary school students are very similar, suggesting that also the upper 
secondary school students did guess their answers.  

The second test item required from the respondents to decide whether the proposed chemical reaction 
with incomplete chemical equation will take place or not. The respondents were given a brief extract 
from Beketov`s series as a part of the test item. The beginning of chemical equations in task were: 
CuSO4 + Fe →…, CaCl2 + Fe → … . The first of the reactions is similar to the model reaction (copper 
sulphate plus zinc) that is given in textbooks as illustrative example, the second one is not usually 
presented to the pupils or students. The results of this part of test are given in table 2. 

Table 2.  Decision about the feasibility of the proposed reaction CuSO4 + Fe →,  
by means of Beketov`s series. 

Level of education Correct (%) Wrong (%) Correct : wrong No answer (%) 

Lower secondary school 60,3 31,2 1,93 8,5 

Upper secondary school 55,3 38,8 1,43 5,9 

University  68,4 28,6 2,39 3,1 

It is obvious from the results given in table 2 that the ratio between correct and incorrect answers was 
better with lower secondary school pupils then with the students of upper secondary school. We think 
that the reason is that the reaction of copper sulphate with zinc is the illustration example and that the 
lower secondary school pupils learn it by heart. The test item might seem to them as a similar one 
(also copper sulphate reacts – and some of the pupils do not consider that the reaction partner is 
another one that in their textbook). As they do not learn about any other electrochemical reaction in 
the context of electrochemical voltage series, they are not confused and give correct answer. But, on 
the other hand, not all of the pupils who gave correct answer do understand how to use the 
electrochemical voltage series, as it is obvious from table 3. The question about reaction of iron with 
calcium chloride is not taught at school. The correct and incorrect answers is lower in this case than in 
table 2 both for pupils of lower secondary school and for upper secondary school, that means that 
some of the pupils just guessed the answers. A very similar situation is with the upper secondary 
schools students. They do not understand the rules of work with electrochemical voltage series and 
they just guess the answers. The university students gave better answers (approximately 2-3 correct 
answers for 1 wrong answer). But, on the other hand, if we think about the fact that the answers to 
these questions were just only 2 (yes or not), there was 50 % probability that the students can guess 
the correct answer without any knowledge. 

Table 3.  Decision about the feasibility of the reaction CaCl2 + Fe → … by means of Beketov`s series. 

Level of education Correct (%) Wrong (%) Correct : wrong No answer (%) 

Lower secondary school 54,6 34,8 1,57 45,4 

Upper secondary school 50,6 44,7 1,13 4,7 

University  69,4 25,5 2,72 5,1 

That is why we decided to find out how many pupils or students gave correct answers for both of the 
reactions (table 4).  

Table 4.  Decision about the feasibility of both reactions. 

Level of education Both correct (%) 

Lower secondary school 48,2 

Upper secondary school 48,2 

University  56,3 
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As it can be seen from table 4, the situation is not bad. Approximately 50 % of the respondents of all 
three levels of education gave correct answers to both reactions. That is why we compared the 
answers to the question 1 (recognition of correct rules) with the answers to both parts of question 2 
(decision about viability of 2 chemical reactions). We calculated 4 parameters: YY, YN, NY, NN (Y 
stands for “yes, correct”, N stands for “no, incorrect”). The first letter means correct/incorrect answer to 
the first question, the second letter means correct/incorrect answer to the second question.  

Our last question was, whether the pupils/students, where solving the task with reactivity, do use the 
rules for work with Beketov`s electrochemical voltage series, or whether they have just learned some 
“cookbook procedure”. The results are summarized in table 5.  

Table 5.  Decision about the feasibility of the reaction CaCl2 + Fe → … by means of Beketov`s series. 

Level of education YY (%) YN (%) NY (%) NN (%) 

Lower secondary school 13,5 10,6 37,6 38,3 

Upper secondary school 22,4 5,9 25,9 45,9 

University  33,7 11,2 31,6 23,5 

The results are poor. Only 1/3 of university students of chemistry teaching just before their state exam 
does understand and use the rules of Beketov`s series. Nearly the same number of university 
students just memorizes the reactions or guesses the answer (the probability of good answer by 
guessing is 25 %). Similar situation is with upper secondary school students, just only the percentage 
of answers NN was higher. As for lower secondary school, the children must be taught some 
“cookbook procedure”. It follows from the results of table 5. They do not know the rules how to use the 
electrochemical voltage series, they do not even recognize them among other possibilities. But they 
do correctly solve the task that requires application of the rules that they do not know. How do they do 
it? How do they practice logical thinking? They can not learn from their textbook, as the subject matter 
is not explained very well there. Maybe their teacher tried to teach them how to use the Beketov`s 
series, but he/she did not (and he/she could not) connect his/her explanation with the text in the 
textbook.  

This situation is very sad, as electrochemical voltage series gives us a great opportunity to explain 
why some substances do react one with the other, and why other substances can not react together. 
Instead, children do only memorize the reactions, beginning to hate chemistry because too much 
subject matter. 

4 CONCLUSIONS 
As follows from the results of the test, only a small part of pupils/students including university students 
of chemistry teaching understands and correctly uses the rules for using electrochemical voltage 
series. One of the reasons might be not correctly explained subject matter in the textbooks for lower 
secondary school. It is a pity, because Beketov`s electrochemical voltage series gives us a great 
opportunity to explain why some substances do react one with the other, and why other substances 
can not. Instead of learning “how to think”, the children learn the reactions “by heart”, which is not 
a good situation in education. 
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