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___________________________________________________________________________
This study investigated secondary students’ conceptual difficulties in electrochemistry. A branch of chemistry 
that deals with the chemical action of electricity and the production of electricity by chemical reactions.  The 
sample consists of two hundred and forty eight students randomly selected from 29 government secondary 
schools within Abia state. A test instrument on conceptual difficulties in electrochemistry (TCE) was designed 
and used in collecting data for the study. TCE was validated by experienced lecturers and chemistry teachers in 
the field. A pilot test was carried out to establish its reliability coefficient and with the use of test re-test method, 
the correlation coefficient was found to be r = 0.88. The results of the analysis showed that; the students have 
difficulty in understanding concepts tested by 84% of the items in electrochemistry. Based on the findings; some 
recommendations were made on how to improve the learning and understanding of concepts in 
electrochemistry.  
__________________________________________________________________________________________ 
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INTRODUCTION  
The relevance of science as a solid rock for the 
growth and technological advancement of any nation 
cannot be over estimated. Accordingly, every citizen 
needs a basic knowledge of science and technology; 
to function intelligently and productively in this era 
in which science and technology have become the 
dominant social and economic forces for the nation’s 
growth and development. Chemistry to say the least 
is the heart of science and the hub of all technological 
activities, hence it is called central science and queen 
of science. It is field of study filled with interesting 
phenomena appealing for understanding and 
explaining every occurrence in the natural and 
manufactured world. Its study has been and will 
continue to be of tremendous importance to humanity 
for its ability to explain natural phenomena and 
everyday occurrences as well as its central role in the 
world’s current technological development. It is one 
of the basic science subjects needed for sustainable 
development. Its knowledge is important in the 
manufacturing of fertilizer, insecticides, food 
processing and storage, management of our natural 
resources, provision of food and health facilities as 
well as favourable living environment. And as a 
human enterprise, it provides a natural link between 
home and school and the means through which 
children understand the world around them and 
explore the wider implications of science in relation 
to man. (Bomide, 1985). 
 
Literature is however  replete with evidence that 
Nigerian students do not only find science subjects 
very difficult but uninteresting and that the few 

students that enroll for science, sometimes perform 
poorly as exemplified in their consistent poor 
performance in school certificate examinations 
indicated in table 1 below 
 
Table 1: Students’ Performance in Senior Secondary 
School Certificate Chemistry Examination (2000-
2008) 
 
YEAR TOTAL No. of 

students 
with credit 
and above 

% of students 
that passed 
above credit 
level 

% of 
failure 

2000 62442 19912 31.89 68.11 
2001 66604 20021 30.06 69.94 
2002 90488 39289 43.42 56.58 
2003 143839 73329 50.98 49.02 
2004 105133 40970 38.97 61.03 
2005 103211 41635 40.34 59.66 
2006 112442 48923 43.51 56.46 
2007 102466 38465 37.54 62.46 
2008 112388 47562 42.32 57.68 
(Source: WAEC Office Port Harcourt, 2010) 
 
The factors that have been identified by some science 
education researchers were among others, poor 
methods of instruction (Osuafor, 1999), laboratory in-
adequacy (Okegbite (1996); Raimi, (1998); Bajah, 
(1999) and Adeyegbe, 2000). Poor science 
background (Oshokoya, 1998).  And short fall in the 
supply of skilled manpower (Aqusiobo, 1998). 
Studies on the effective correlates of students’ 
achievement in chemistry have indicated that 
generally, many students and even teachers perceive 
chemistry as one of the most difficult subjects to 
study at all levels of schooling ( Dawson, 1978). 
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Concepts are categories of ideas or objects having 
similar attributes or characteristic that distinguishes 
them from a larger class of ideas or objects (Kalu, 
1990). They are thoughts or notions formed in the 
mind as the product of careful mental activity. They 
are powerful building blocks for learning and are 
very important in the teaching of chemistry. These 
concepts are central to further learning in both 
chemistry and other sciences (Taber 2002). 
Meanwhile Duit (2007) in a study on student’s 
conceptual difficulties in science found that 
instruction often fails to engage the ideas that 
students bring to the classroom. Invariably, when 
concepts become difficult for students they tend to 
shy away from questions set on these concepts during 
any examination leading to poor performance. 
 
In this study however, the subject of interest was to 
identify student’s conceptual difficulties in 
electrochemistry. In specific terms, the study 
intended to identify difficult concepts in 
electrochemistry students’ encounter. 
 
The question therefore is which concepts in 
electrochemistry do students have difficulty in 
understanding? 
 
RESEARCH METHODS 
Our study adopted an expost factor design which 
does not permit the manipulation of the factors under 
study. The population consists of all senior secondary 
III students offering chemistry in Abia State of 
Nigeria. However, the sample selection was limited 
to this category of students in Six Local government 
areas of Abia State. Schools were selected by 
stratified random sampling.  In all, a total of 248 SS 
III Chemistry students (155 boys and 93 girls) 
ranging from 16 to 22 years were selected by 
stratified random sampling from 29 Urban and Rural 
schools  in which eighteen were rural schools and 
eleven were urban schools. 
 
Development and Validation of instrument 
A major contribution of our study was the 
development and validation of a widely applicable 
and distinctive instrument for assessing student’s 
conceptual difficulties in the subject matter 
(electrochemistry). The instrument was tagged “Test 
of conceptual difficulties in electrochemistry (TCE) 
constructed by the investigators. Relevant aspects of 
the Test instrument were section A which dealt with 
students’ bio-data and section B consisting of 50 
items constructed to match the constant area of 
electrochemistry as outlined in the West African 
Senior School Certificate Examination Syllabus as 
follows: Standard electrode potential, electrochemical 
cells, electrochemical series and electrolysis.  And As 
an attempt to minimize guessing, each item of TCE 
had five options. Finally, the test instrument was field 
tested on some samples of students and feedback was 

computed using Kuder-Richardson Formula 21 (KR 
21). The result obtained was 0.88 
 
DATA ANALYSES AND RESULTS  
Data collected from the students’ responses to the test 
items are presented and interpreted here under inline 
the research question. 
 
Research Question 
Which concepts in electrochemistry do chemistry 
students’ have difficulty in understanding? 
To address the above question, a criterion was 
adopted to ascertain the difficulty presented by each 
item. In this case where less than forty percent (40%) 
of the students answered an item correctly means that 
the concept tested item was difficult to students. 
 
The table above shows that students seem to have  
fairly good understanding of the concepts of charges, 
electrode types (items 3,4,6&7) and calculations of 
the potential values (item 9). However, in the 
concepts on standard electrode potentials (Item 8), 
only 14% of students could answer the question 
correctly. 
 
Furthermore, 30% of the students (item 12) identified 
the two types of electrochemical cells and about 
66.5% (item 14) of them were able to differentiate 
primary and secondary cells. However, only 29.4% 
(Item 11), 29.0% (Item 13), and 27.8% (item 15) of 
students were able to identify the reactions and cell 
notations going on in the cell. This implies that the 
concept of electrochemical cells was a problem. This 
assertion was reinforced by the response of only 
27.0% (Item 16) and 16.9% (Item 17) of students 
who identified the electrolytic cell diagram. 
 
The series items 19-25 and 27 respectively, appeared 
not to be understood by students. However, 38.7% 
(Item 21), 20.2% (Item 23), and 35.1% (Item 25) of 
students seem to have problem with the displacement 
and occurrences in nature of elements in the series 
while only 25.8% (Item 25), was able to identify the 
chemical reactivity of elements in the series. Meaning 
that, the sub concepts under electrochemical series 
are really posing difficulty to the students. Majority 
of students about 60% in each case have difficulty as 
follows: 

1. In identifying the products gotten at the anode 
and cathode electrodes during electrolysis. 

2. With the mechanism of electrolysis 
3. With calculations on Faradays first and second 

laws. Though about 23.8% (Item 46) and 25.4 
(Item 50) of students seem to have knowledge 
on the uses of electrolysis, they still have 
problems with the concepts of electrolysis and 
its mode of conduction by metals in aqueous 
salt solutions.       
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SUMMARY OF THE FINDINGS 
The summary of the results of data analyzed are 
presented as follows: 
1. The concept of charges, potential difference, 

E.M.F. values, primary and secondary cells, types 
of Electrode, but calculations of the potential 
values are understood by more than 40% of the 
students. 

2. Students appeared to have difficulty in 
understanding the concepts tested by 84% of the 
items. 

3. The concept of standard hydrogen electrode 
chosen as an arbitrary standard for calculating the 
electrode potential of a given system is 
understood by more than 52.4% of the students 
out is improperly generalized by 45% students. 

4. More than 60% of the students have difficulty 
with each concept tested. 

5. The concepts of the half cell reactions appear to 
be the least understood and improperly 
generalized by 50% students among the concepts 
tested. 

 
CONCLUSION 
Based on the findings of study, the conclusion drawn 
about secondary schools students’ conceptual 
difficulties in electrochemistry in Abia State was that 
the students had difficulty in understanding concepts 
tested by 84% of the items in electrochemistry. 
 
RECOMMENDATION 
Based on the findings in this study, the following 
recommendations were made: 

1. As much as possible in teaching 
electrochemistry, teachers should use 
demonstration methods and teaching aids. 
This is necessary to encourage active 
learning amongst students’ and discourage 
memorization of facts. 

2. Science laboratories should be not just 
properly equipped but adequately utilized to 
make teaching and learning more concrete to 
students’ and proper conceptualizations of 
ideas, principles and concepts very possible. 
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APPENDIX 
Table 2: Analyses of Student’ Conceptual Difficulties in Electrochemistry 
 

ITEM Item Focus No. of 
students that 
answered 
each item 
correctly  

% of students 
that answered 
each item 
correctly  

No. of students 
that answered 
each item 
Wrongly  

% of students 
that answered 
each item 
Wrongly  

Decision  
Less than40% = 
difficult and above 40% 
= not difficult 

1 Calculation on e.m.f 46 18.5 202 81.5 Difficult 
2 Electrode potential charge 61 24.6 187 75.4 Difficult 
3 Electrode potential charge 135 54.4 133 45.6 Not Difficult 
4 Potential value 132 53.2 116 46.8 Not difficult 
5 Potential value 84 33.9 164 66.1 Difficult 
6 Type of electrode  102 41.1 146 58.9 Not difficult 
7 e.m.f calculation 130 52.4 118 47.6 Not difficult 
8 Features of series  34 13.7 114 86.3 Difficult  
9 e.m.f calculation 147 59.3 101 40.7 Not difficult  
10 Cell types 47 19.0 201 81.0 Difficult 
11 Cell notations 73 29.4 175 70.6 Difficult 
12 Cell types  77 30.9 151 69.1 Difficult 
13 Reactions in cells 74 29.8 174 70.6 Difficult 
14 Cell types  165 66.5 83 33.5 Not difficult 
15 Reactions in cell 69 27.8 179 72.2 Not difficult 
16 Type of cell  67 27.0 181 73 Difficult 
17 Reactions in cell 42 16.9 206 83.1 Difficult 
18 Reactions in cell 114 46.0 134 54.0 Not difficult     
19 Features of series  69 27.8 179 72.2 Difficult 
20 Features of series 86 34.7 162 65.3 Difficult 
21 Features of series 96 38.7 152 61.3 Difficult  
22 Features of series 95 38.3 153 61.7 Difficult 
23 Features of series 50 20.2 198 79.8 Difficult  
24 Features of series 64 25.8 184 74.2 Difficult  
25 Reactivity of element 87 35.1 161 64.9 Difficult 
26 Features of series  102 41.1 146 58.9 Not difficult 
27 Features of series 56 22.6 192 77.4 Difficult 
28 Reactions in the cell 58 23.4 190 76.6 Difficult 
29 Electrolyte  67 27.0 181 75.0 Difficult 
30 Product of electrolysis 88 35.5 160 64.5 Difficult 
31 Electrolysis  38 15.3 210 84.7 Difficult 
32 Electrolysis 63 25.4 185 74.6 Difficult 
33 Electrolysis 59 23.8 189 76.2 Difficult 
34 Product of electrolysis  69 27.8 179 72.2 Difficult  
35 Calculation on electrolysis 88 35.4 160 64.6 Difficult 
36 Calculation on electrolysis 70 28.2 178 17.5 Difficult 
37 Calculation on electrolysis 58 23.4 190 76.6 Difficult 
38 Calculation on electrolysis 76 30.6 172 69.4 Difficult  
39 Calculation on electrolysis 54 21.8 194 78.2 Difficult  
40 Calculation on electrolysis 79 31.9 169 68.1 Difficult 
41 Calculation on electrolysis 97 19.0 101 81.0 Difficult 
42 Calculation on electrolysis 79 31.9 169 68.1 Difficult 
43 Calculation on electrolysis 45 18.1 203 81.9 Difficult  
44 Calculation on electrolysis 68 27.4 180 72.6 Difficult 
45 Calculation on electrolysis 92 37.1 156 62.9 Difficult 
46 Calculation on electrolysis 59 23.8 189 76.2 Difficult 
47 Calculation on electrolysis 72 29.0 176 71.0 Difficult  
48 Calculation on electrolysis 69 27.8 179 72.2 Difficult  
49 Calculation on electrolysis 81 24.6 187 75.2 Difficult 
50 Calculation on electrolysis 63 25.4 185 74.6 Difficult 

 


