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ABSTRACT  

The study had purpose to determine misconceptions profile of class X high school students 
in Kuningan on electrolyte and non-electrolyte solutions using descriptive methods. The 
instrument used was a pictorial-based two-tier multiple choices diagnostic test consisted 18 
questions. The instrument had CVR and CVI values was one, and Cronbach's Alpha value for a 
whole item was 0,706. The items were applied to class X students in schools with high, medium 
and low category. Based on results of application, the most common students’ misconceptions 
on electrolyte and non-electrolyte solutions, when dissolved in water, ionic compounds would be 
ionized into ions, oxygen atom in water molecule interacted with anions and hydrogen atoms in 
water molecule interacted with cations (37.78%). The students’ misconceptions in high and low 
category schools had a significant difference. Based on the one-way ANAVA test, the significance 
level < 0.05, there was 0.045. The students’ misconception based on gender did not have a 
significant difference. Based on results of t test, the significance level > 0.05, there was 0.755. 
   
Keywords: Electrolyte and non-electrolyte solutions, misconceptions, profile, pictorial-based two-

tier multiple choices diagnostic tests. 
 

INTRODUCTION 

Assessment was the process of 

gathering and processing information in order 

to make decisions [1]. One of the functions of 

assessment was to identify student miscon-

ceptions. Misconceptions were students' 

conceptions that were built from their daily 

experiences that were not suitable with scien-

tific concepts [2]. Identification of student 

misconceptions could be done in several 

ways, there were concept maps, interviews 

and two-tier multiple choices diagnostic tests 

[3]. In addition, a test using a sub-microscopic 

diagram was used [4]. According to Peterson, 

Treagust and Kabapinar, one of the most 

often used techniques to identify misconcep-

tions was a two-tier multiple choices diag-

nostic test because it could assess large 

numbers of samples at one time, so that it 

more efficient [3]. Besides that, diagnostic 

tests could provide an accurate overview of 

the students' misconceptions based on the 

error information [5]. The two-tier diagnostic 
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test was an instrument that can identify 

student misconceptions [6]. The two-tier 

diagnostic test was developed with the first 

tier contains the answer option and the 

second tier contains the reasons based on 

the first tier [7]. The advantages of a two-tier 

diagnostic test were to minimize the guess's 

answers and more practical to use for 

students and teachers [8,9]. 

Previous research had shown the 

effectiveness of two-tier multiple-choice 

diagnostic tests in identifying misconceptions 

in chemistry. Tan proved that a two-tier 

multiple-choice diagnostic test can identify 

student misconceptions on the ionizing 

energy concept [10]. Other than that, on the 

chemical reaction, separation, electroche-

mistry, and chemical bonds [11,8,12,13,14]. 

The narrative question had a 

weakness that can make students tire to 

understand the core problems in the matter 

[15]. To overcome these weaknesses, the 

researcher could use pictorial. The pictorial 

such as pictures, columns, tables, diagrams, 

graphs, and mind maps can make it easier to 

understand [16]. Besides, the images could 

represent the sub-microscopic level [17]. The 

pictorial can also identify student misconcep-

tions [18]. The study related with this study 

was developed pictorial-based two-tier 

multiple choice diagnostic test, on electrolyte 

and non-electrolytes solutions by Wiwi, 

Firman and Rofifah [19]. 

Electrolyte and non-electrolyte solu-

tions were one of the prerequisite concepts 

for understanding the next concept, there 

were acid-base, hydrolysis, buffer solutions, 

solubility and solubility product, colligative 

properties of solution and electrochemistry. 

These concepts involved a lot of reactions 

between ions in solution. The reactions of the 

ions in solution required students' under-

standing at the sub-microscopic level. Many 

researches stated that students had 

misconception at sub-microscopic level. The 

concepts in chemistry were interrelated, so 

that if the prerequisite concept that students 

had is wrong, then the next concept would be 

wrong [11]. Therefore, research about 

misconceptions on electrolyte and non-

electrolyte solution was important to do. 

Research about development of a 

pictorial-based two-tier multiple choices diag-

nostic test on electrolyte and non-electrolyte 

solution had been done by Wiwi, Firman and 

Rofifah. The result of research was produced 

18 valid and reliable items. The test deve-

loped included 9 concepts in electrolyte and 

non-electrolyte solution, there were solvents, 

solutes, electrolytes, types of chemical bonds 

of electrolyte compounds, dissociation of 

ionic compounds, ionization of covalent 

compounds, the conductivity of ionic com-

pounds and electrical conductivity of electro-

lytes and non-electrolytes. Besides, several 

misconceptions were identified, there were: 

electrolytes were substances that could 

conduct electric current; electrolyte solutions 

could conduct electric current because they 

contain free electrons; all electrolytes were 

ionic compounds [19]. 

A pictorial-based two-tier multiple 

choices diagnostic test on electrolyte and 

non-electrolyte solution developed by Wiwi, 

Firman and Rofifah was only tested limited to 

a number of students in one school in 

Bandung, so the misconceptions revealed 

could not be generalized. Therefore, further 

https://doi.org/10.5901/ajis.2013.v2n2p201
https://openjournals.library.sydney.edu.au/index.php/IISME/article/view/6375/7014
https://academicjournals.org/article/article1380558833_Tuysuz.pdf
https://doi.org/10.1080/09500693.2011.636084
https://doi.org/10.1039/B5RP90009C
https://doi.org/10.1039/B7RP90006F
https://academicjournals.org/article/article1380558833_Tuysuz.pdf
https://doi.org/10.1080/02635143.2014.916669
https://www.researchgate.net/publication/234704600_Evaluating_Students%27_Understanding_of_Chemical_Bonding#fullTextFileContent
https://doi.org/10.1016/j.sbspro.2014.07.458
https://doi.org/10.1021/ed084p172
https://https/www.cibtech.org/J-LIFE-SCIENCES/PUBLICATIONS/2013/Vol_3_No_3/JLS...68-064...AMIN...THE...%20ACTIVITIES.pdf
https://doi.org/10.1002/(SICI)1098-2736(199702)34:2%3c199::AID-TEA6%3e3.0.CO;2-O
https://www.researchgate.net/publication/283452858_Identifying_Students'_Alternative_Concepts_in_Basic_Chemical_Bonding_-_A_Case_Study_of_Teacher_Trainees_in_the_University_of_Education_Winneba
https://www.researchgate.net/publication/308134755_PENGEMBANGAN_TES_DIAGNOSTIK_TWO-TIER_BERBASIS_PIKTORIAL_UNTUK_MENGIDENTIFIKASI_MISKONSEPSI_SISWA_PADA_MATERI_LARUTAN_ELEKTROLIT_DAN_NONELEKTROLIT
https://doi.org/10.1039/B7RP90006F
https://www.researchgate.net/publication/308134755_PENGEMBANGAN_TES_DIAGNOSTIK_TWO-TIER_BERBASIS_PIKTORIAL_UNTUK_MENGIDENTIFIKASI_MISKONSEPSI_SISWA_PADA_MATERI_LARUTAN_ELEKTROLIT_DAN_NONELEKTROLIT


JKPK (JURNAL KIMIA DAN PENDIDIKAN KIMIA), Vol. 5, No. 3, 2020,  pp. 264-274          265 

                                       

research was needed to apply two-tier 

multiple choices diagnostic test more broadly 

and deeply in order to obtain a more varied 

profile of student misconceptions on electro-

lyte and non-electrolyte solution. 

In this research, analysis of miscon-

ceptions was carried out for all samples, then 

analysis the differences of student miscon-

ceptions in high, medium and low category 

schools was carried out because based on 

the results of Rahmawati's research, 

students at three schools with different levels 

had different misconceptions [20]. In addition, 

analysis the differences of student miscon-

ceptions based on gender because, accor-

ding to Devetak, women had a lower ability to 

read and describe the sub-microscopic level 

of a chemical concept [21]. Based on the 

students 'misconceptions on electrolyte and 

non-electrolyte solution that was revealed, it 

could be mapped with variations, so that the 

profile of students' misconceptions on elec-

trolyte and non-electrolyte solutions could be 

known. 

 

METHODS 

This study used a descriptive quanti-

tative method. Participants were class X high 

school students in high, medium and low 

category school in Kuningan who had studied 

electrolyte and non-electrolyte solutions. 

Three classes were selected as participants 

from each school. 

The instrument used was a pictorial-

based two-tier multiple choices diagnostic 

test on electrolyte and non-electrolyte 

solution that had been developed by previous 

researchers, which consisted of 18 pictorial-

based two-tier multiple choices questions. 

The instrument used had been tested for its 

feasibility with the CVR and CVI value was 

one and the reliability value (Cronbach's 

Alpha) for the whole item is 0.706 [19]. 

This study was carried out in three 

major stages, there were preparation stage, 

implementation stage and data analysis 

stage. In the preparation stage of this 

research, questions from pictorial-based two-

tier multiple choices which had been 

developed by Wiwi, Firman and Rofifah and 

had been valid analyzed by experts 

(teachers), then made revisions. In addition, 

in this preparation stage, selected three 

school that would be the sample for this 

research. 

At the implementation stage, a 

pictorial-based two-tier multiple choices 

diagnostic test was carried out for a number 

X class high school students who had studied 

electrolyte and non-electrolyte solution in 

high, medium and low categories schools in 

Kuningan. 

At the data analysis stage, the percen-

tage of each response was calculated, as 

followed: 

 

𝑃𝑉𝐶 =
X

N
 X 100 %   ……………….. (1) 

 

Note: 

PVC = % percent value criteria 

N = total number of students 

X =number of students who answered item 

 

Students' answers were categorized 

by their level of understanding. The following 

was a categorization of students' under-

standing based on the answers of pictorial-

based two-tier multiple choices [22]. 

https://https/core.ac.uk/download/pdf/267822907.pdf
https://doi.org/10.1080/09500690903150609
https://www.researchgate.net/publication/308134755_PENGEMBANGAN_TES_DIAGNOSTIK_TWO-TIER_BERBASIS_PIKTORIAL_UNTUK_MENGIDENTIFIKASI_MISKONSEPSI_SISWA_PADA_MATERI_LARUTAN_ELEKTROLIT_DAN_NONELEKTROLIT
https://doi.org/10.1080/02635141003748382
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Table 1. Categorization of students'    under-
standing 

Student’s Answer 
Category 

Tier 1 Tier 2 

Correct Correct Understanding 

Correct Wrong Misconseption 

Wrong Correct Misconception 

Correct Unanswered 
Partial 
Understanding 

Unanswered Correct 
Partial 
Understanding 

Wrong Wrong Misconception 

Wrong Unanswered No Understanding 

Unanswered Wrong No Understanding 

Unanswered Unanswered No Understanding 

 

To find out the misconceptions of 

students on electrolyte and non-electrolyte 

solutions according to Peterson could be 

done by determining significant misconcep-

tions. The misconception was said to be 

significant if it was found at least > 10% of 

total student sample, then selected the 

response that had the largest percentage 

[10]. 

Furthermore, to find out the difference 

between student misconceptions in three 

schools and misconceptions between male 

and female students, it could be done by 

hypothesis testing. Before testing the 

hypothesis, the normality and homogeneity 

tests were carried out. The normality test 

could be done with the Kolmogorov-Smirnov 

or Shapiro-Wilk test. The normality and 

homogeneity tests were carried out by the 

Lavence Test. The hypothesis test used was 

the One-Way ANOVA test. All tests could use 

SPSS Version 20 for Windows.  

To find out which schools had 

significant differences misconceptions, a 

Post Hoc Test could be carried out using 

SPSS Version 20 for Windows. Furthermore, 

to find out the difference misconceptions 

between male and female students, the t test 

(independent sample t-test) could be used. 

The t test could be performed using SPSS 

Version 20 for Windows.  

Furthermore, an analysis of differen-

ces student’s misconceptions for each con-

cept was carried out. Analysis of differences 

student’s misconceptions for each concept 

could be done by categorizing the difference 

percentage of total misconceptions. 

 

Table 2. Categorizing the Difference Percen-
tage of Total Misconceptions for Each 
Concept 

Difference 
Percentage (%) 

Interpretation Criteria for 
Percentage Difference 

< 0,99 No different  

1 – 18,99 Slightly different 

19 – 36,99 Different 

37 – 54,99 Very different 

 

RESULT AND DISCUSSION 

The misconceptions of class X high 

school students in Kuningan on electrolyte 

and non-electrolyte solutions which were 

significant with the largest percentage, there 

were: the solvent was a solution component 

whose amount was always more than the 

solute (31.43%); the solute was a solution 

component whose amount was always less 

than the solvent (24.44%); electrolytes were 

substances that could conduct electric 

current (28.89%); electrolyte solution could 

conduct electric current because it contained 

free electrons which could conduct electricity 

(17.78%); electrolytes were ionic compounds 

(16.83%); if dissolved in water, ionic 

compounds would ionize into ions. The 

oxygen atom in water molecule interacted 

https://doi.org/10.1039/B5RP90009C
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with anions and the hydrogen atom in water 

molecule interacted with the cation (37.78%); 

Very polar covalent compounds dissolved in 

water ionized completely. The reaction equa-

tion was denoted two directions (14.3%); a 

covalent compound which had low polarity 

when dissolved in water would ionize partially 

to produce few ions. The reaction equation 

was denoted one direction (18.73%); Ionic 

compounds could conduct electricity only in 

solution form because they contained ions 

that could move freely (13.65%); NaOH 

solution could conduct electricity well 

because NaOH was classified as a strong 

electrolyte which ionized partially in solution 

(13.65%); In the same molarity, CH3COOH 

produced less electrical conductivity com-

pared to KOH because in water CH3COOH 

was ionized partially to produce few ions 

while KOH was ionized completely to produce 

many ions. The equation for the ionization 

reaction of CH3COOH was represented in two 

directions, while the equation for the ionization 

reaction of KOH was represented in one 

direction (32.28%); CH3COOH was classified 

as non-electrolyte, which in its solution con-

tained few ions (17.78%). Some of the 

misconceptions revealed in this study con-

firmed the misconceptions that were revealed 

by previous researchers, there was Wiwi, 

Firman and Rofifah who used a similar type of 

instrument, there was a pictorial-based two-

tier multiple choices diagnostic test [19]. 

In general, each concept of electrolyte 

and non-electrolyte solutions, student 

misconceptions were identified in high, 

medium and low category schools. The most 

common student misconception in high and 

low category schools was the solvent was a 

solution component whose amount was 

always more than the solute, while the most 

common student misconception in medium 

category school was if dissolved in water, 

ionic compounds would ionize into ions. The 

oxygen atom in water molecule interacted 

with anions and the hydrogen atom in water 

molecule interacted with the cation. 

The difference of student misconcep-

tions in three schools could be identified by 

hypothesis test. Before hypothesis test, the 

normality and homogeneity tests were carried 

out. The results of the data normality test 

based on the Kolmogorov-Smirnov test, the 

significance level was more than 0.05, there 

was 0.222. This showed that the sample data 

was distributed normally. The results of the 

data homogeneity test based on the Lavence 

Test, the significance level was more than 

0.05, there was 0.075. This showed that the 

data came from populations that had the 

same variance (homogeneous). The results 

of the one-way ANOVA test showed a 

significance level of less than 0.05, there was 

0.045. This showed that there were significant 

differences misconceptions between students 

in high, medium and low category schools. 

The results of the Post Hoc Test showed that 

there were significant differences misconcep-

tions between students in high category 

schools and low category schools. 

Based on result of identification 

student misconceptions in high, medium and 

low category schools for each concept on 

electrolyte and non-electrolyte solution, the 

percentage of total students in high, medium 

and low category school who had miscon-

ceptions on electrolyte and non-electrolyte 

solution were shown Figure 1. 

https://www.researchgate.net/publication/308134755_PENGEMBANGAN_TES_DIAGNOSTIK_TWO-TIER_BERBASIS_PIKTORIAL_UNTUK_MENGIDENTIFIKASI_MISKONSEPSI_SISWA_PADA_MATERI_LARUTAN_ELEKTROLIT_DAN_NONELEKTROLIT
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Figure 1. Percentage of total student misconceptions in high, medium and low category school 
 

Theoretically, misconceptions were an 

obstacle for students in learning science [2]. 

Therefore, students with low learning achie-

vement tended to have a high percentage of 

misconceptions and students with high 

learning achievement tended to have a low 

percentage of misconceptions. However, 

based on Figure 1, the student miscon-

ceptions in high, medium and low category 

schools for several concepts on electrolyte 

and non-electrolyte solution had a mismatch, 

there were misconceptions on types of 

chemical bonds of electrolyte compounds 

(question number 7), dissociation of ionic 

compounds (question number 10) and 

ionization of covalent compounds (question 

number 11) were more encountered in high 

category schools student than students in 

medium category schools, then misconcep-

tions on electrical conductivity of electrolytes 

(question number 16), dissociation of ionic 

compounds (question number 10) and 

ionization of covalent compounds (question 

number 12) were more encountered in high 

category schools students than students in 

low category school and misconceptions on 

electrical conductivity of electrolytes (ques-

tion number 16), dissociation of ionic com-

pounds (question number 10), ionization of 

covalent compounds ( questions number 12) 

and solvents (questions number 1 and 2) 

were mostly encountered in medium category 

schools students compared to students in low 

category schools. 
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The student misconceptions in high, 

medium and low category schools for several 

concepts on electrolyte and non-electrolyte 

solution had a mismatch indicates that the 

categorization of schools based on the 

National Examination of students could not 

reflect student achievement in these schools. 

Based on Mudjijanti's research, the national 

exam results obtained by students did not 

describe the students' real abilities because 

there were still many irregularities that occur 

during the implementation of exams in the 

field. Therefore, students with high national 

examination scores were not able to compete 

when they were at a higher level of education 

and their learning achievement was low. 

Misconception was an obstacle for students 

in learning, so that if students had 

misconceptions, their learning achievement 

would be low. Therefore, students with high 

average national examination scores did not 

necessarily have high learning achievement 

either, students in high or medium category 

schools had more misconceptions than 

students in low category schools [23]. 

The difference students' misconcep-

tions for each concept could be identified by 

categorizing the difference percentage of 

total misconceptions. Students' misconcep-

tions in high and medium category school 

were revealed that seventeen questions were 

categorized slightly different and one 

question was categorized different. Student 

misconceptions in high and low category 

school were revealed that ten questions were 

categorized slightly different, two questions 

were categorized different and six questions 

were categorized very different. Students' 

misconceptions in medium and low category 

schools revealed that one question was 

categorized no different, eight questions were 

categorized slightly different, eight questions 

were categorized different and one question 

was categorized very different. In general, 

there were significant differences for the total 

student misconceptions in three schools. 

 Based on the result of this study, in 

general, each concept of electrolyte and non-

electrolyte solutions, misconceptions were 

identified that were encountered by female 

and male students. The most common 

female and male student misconception was 

ionic compounds dissolved in water would 

ionize into ions. The oxygen atom in water 

molecule interacted with the anions and the 

hydrogen atom in water molecule interacted 

with the cation.  

The difference between the miscon-

ceptions of male and female students could 

be identified by hypothesis test. Before 

hypothesis test, the normality and homo-

geneity tests were conducted first. The 

results of normality test based on the 

Shapiro-Wilk test, the significance level of 

data for female student misconceptions was 

more than 0.05, there was 0.148 and the data 

significance level for male student miscon-

ceptions was more than 0,05, there was 

0.233. This showed that the data was 

normally distributed. The results of homo-

geneity test were based on the Lavence Test, 

the significance level was more than 0.05, 

there was 0.755. This showed that data came 

from populations that had same variance 

(homogeneous). The t test results showed a 

significance level more than 0.05, there was 

0.755. This showed that no significant 

http://download.garuda.ristekdikti.go.id/article.php?article=116751&val=5324&title=PENGARUH%20TES%20MASUK%20BERDASARKAN%20NILAI%20UJIAN%20NASIONAL%20UN%20TERHADAP%20PRESTASI%20BELAJAR%20SISWA%20%20Studi%20Kasus%20di%20SMUK%20St%20Bonaventura%20Madiun
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difference misconceptions between male 

students and female students. 

Based on the results of identification 

female and male student misconceptions for 

each concept on electrolyte and non-

electrolyte solution, the total percentage of 

female and male students who had miscon-

ceptions were showed in Figure 2. Based on 

Figure 2 in general there was no tendency for 

misconceptions of male students were more 

than female students or the misconception of 

female students were more than male students. 

 

 

Figure 2. Percentage of total male and female student misconceptions 
 

Misconceptions of male and female 

students revealed that two questions were 

categorized no different and sixteen ques-

tions were categorized slightly different. So 

that no significant difference misconceptions 

between female and male students because 

the difference total student misconceptions in 

each concept was generally slightly different. 

Based on results of research, 

misconceptions of female and male students 

on electrolyte and non-electrolyte solution did 

not have a significant difference and there 

was no tendency for misconceptions of male 

students more than female students or 

misconceptions of female students more than 

male students. This was in accordance with 

results of research from several researchers 

said that gender was not a significant factor 

in determining student achievement in 

learning [25]. Inyang and Jegede, Shaw and 
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Doan, Hannover and Kessel also said that 

gender had no effect on student achievement 

in science. Erinosho stated that the difference 

achievement in chemistry for boys and girls 

was not statistically significant [26]. Hyde 

showed that results of analysis consistently 

showed that gender differences did not have a 

significant effect on cognitive abilities. So, 

although cognitive ability was significantly and 

positively related to learning achievement, it 

could not explain that gender differences could 

affect learning achievement. Other factors that 

influenced learning achievement include 

genetic differences, attitudes; interest; talents 

and motivation of each individual, habits in 

developing children, impressions on special 

subjects, social environment, such as teachers, 

parents and friends [27]. 

 

CONCLUSION 

The significant misconception encoun-

tered on class X high school students in 

Kuningan about electrolyte and non-electro-

lytes solution identified 10 misconceptions. 

The misconceptions encountered on class X 

high school students about electrolyte and 

non-electrolyte solution in high and low 

category schools in Kuningan had a signifi-

cant difference, while the misconceptions 

encountered on female and male students on 

electrolyte and non-electrolyte solution had 

no significant difference. gender is not a 

significant factor in determining student 

success in learning.  
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