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Abstract
In current study , Students’ misconceptions were investigated on acid-base chemistry at senior
high schools in West Azerbaijan. The study involved Y1¢ of XII grade students from six different
schools in west Azerbaijan selected based on their accreditation. This study is aimed at determining
students’ misconceptions about acids and bases. In order to fulfill this aim, open-ended diagnostic
questions and semi-structured interviews were used. The diagnostic questions were administered to Y1¢
students experimental science field senior high schools in Iran. In addition 36 students were
interviewed in order to clarify their written responses and to further probe students’ conceptual
understandings of the questions asked in the test. The findings revealed a number of misconceptions.
The results have implications for education acid-base chemistry, suggesting that a substantial review
of teaching strategies is needed. Teachers should be aware of students’ prior knowledge and
misconceptions on acids and bases, because they are strong predictors of student achievement. In short,
when suitable strategies are used in the teaching of the unit acids and bases‘, they are more likely to
cause a significantly better removal of misconceptions and acquisition of scientifically sound concepts.
Key words: students’ misconceptions, chemistry education , acid- base chemistry, active learning .
Introduction
Studies has indicated that students often construct their own theories about how the natural world
works, prior to formal science education, but their theories are frequently contrary to those of scientists
(Osborne et al., 1985). Students’ self-constructed conceptions have been referred to in the literature as
misconceptions, alternative conceptions, preconceptions, naive conceptions etc (Driver et al., 1987;
Vey
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Krishnan et al., 1994; Demircioglu et al., 2001). Throughout this article, the term misconceptions‘ has
been used to refer to these ideas that are not in agreement with accepted scientific ideas. Many factors
can be considered as the sources of students’ misconceptions. Previous experiences of the student,
common use of some terms in scientific and non-scientific languages, not paying attention to the terms
used in the class, contexts and images in the textbooks, teaching method, etc. are all effective in
forming misunderstandings in the students (Muchtar , Z & Harizal, 2012). In science classroom,
students bring their prior knowledge from the outside and sometimes relate their prior knowledge to
what teacher explains improperly. Therefore, the concepts they construct cannot correctly explain the
scientific phenomena and, finally, deviate from scientific concepts. These differences between the
students’ views and the scientifically accepted views are called misconceptions (Ozmen, 2004; Barke et
al., 2009), traditional instructional language (Bergquist et al., 1990), teachers, mismatches between
teacher and student knowledge of science (Hodge, 1993), chemical terms that have changed their
meaning (Schmidt, 1999; Schmidt et al., 2003) and textbooks (Stake et al., 1978). Misconceptions are
resistant to change, persistent, and difficult to extinguish even with instruction designed to address
them. Also, the misconceptions learners may hold generally hinder their subsequent learning (Ben-Zvi
et al., 1986; de Vos et al., 1987; Haidar et al., 1991; de Posada, 1997). So, learners’ misconceptions
should be taken into consideration in the developing of science curricula. Unfortunately, many of the
current science curricula and textbooks have not addressed the persistence of any misconceptions.
Because misconceptions is helping students about their environment , they can hardly be changed, thus
they interfere with the learning process. Whatever teachers have more information about students’
misconceptions , they can better prepare them for learning . It can argued that the identification of the
students’ misconceptions is a fundamental and important step in avoiding of students’ misconceptions
scientific topics particularly chemistry field .Bodner (1986), in his discussion of the constructivist
approach to chemical education, suggested that knowledge cannot simply be handed down from
instructor to students must actively construct knowledge from new information and their existing
experiences and knowledge.Students use their existing knowledge base to evaluate new information; if
the new information is consistent with this existing knowledge base, it can be assimilated. However, if
the new information contradicts it, the knowledge base must be changed to accommodate the new
information. Because knowledge is constructed by the student (Resnick, 1983; Jonassen, 1991), any
erroneous information that is part of the student’s knowledge base may adversely affect subsequent
learning.Researches show that students can develop scientifically incorrect conceptions as labeled
“misconceptions® during the traditional lessons (Jonassen, 1991).Because active learning is based on
constructivism and constructivist learning theory clearly states that every learner actively builds or
constructs their own private understanding, it has a great role on preventing misconceptions (Bodner,
1986). Chemistry is sometimes viewed as a difficult subject by students. The chemistry concepts itself
are really complex and abstract (Stieff & Wilensky, 2003). Chemistry also makes students go between
macroscopic representations, submicroscopic (or molecular) representations, and symbolic (or iconic)
epresentations simultaneously (Johnstone, 2000; Chandrasegaran et al., 2007). In order to get deep and
comprehensive understanding in learning chemistry, students need to comprehend those three
representations of chemistry. Any chemistry teaching that cannot relate these three chemistry
representation properly will have great possibility to create misconceptions in students and make them
cannot fully understand the concept.In general term, misconceptions could be defined as any
conceptions that are in disagreement or different with currently accepted scientific view. Various
sources of misconceptions have been found and explained such as students (Suparno, 2005), teachers
(Suparno, 2005; Drechsler & Schmidt, 2005), textbooks (Pedrosa & Dias, 2000; Chiu, 2005; Sanger &
Greenbowe, 1999), teaching method (Tasker & Dalton, 2006), and internet (Sesen & Ince, 2010).
Talanquer (2006) had also explained how the way students think about chemical substances and
phenomena underlying the misconceptions based on commonsense explanatory framework.Some of
these misconceptions can be removed easily, but most of them are strongly held by students and
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usually not affected by regular classroom teaching because these are something students believe. If the
misconceptions are not corrected, new concepts would be difficult to be learnt (Gonen & Kocakaya,
2010).The objective of this research was to identify senior high school students’ misconceptions about
concepts of acid-base chemistry and to determine which misconceptions in basic chemistry concepts
causing difficulties in learning the concepts of acid-base chemistry at senior high schools in West
Azerbaijan. because Identifying misconception of students is the first step for preventing
misconceptions in chemistry.

Method

The research was conducted qualitatively by using questionnaire in form Acid-Base Chemistry
Misconception Test as the instrument to obtain and indentify misconceptions in acid-base chemistry
topic.A diagnostic test composed of ten open-ended questions was specifically developed for this study
(see Appendix). Question 1 required students to predict the pH of pure water at two different
temperatures. Students’ understanding of neutral solution was questioned by the second question.
Question 3 was used to find out whether students predict the pH of excessively diluted solution of a
strong acid. Question 4 tested students’ understanding of neutralization of a strong base and a weak
acid. Question 5 tested students’ understanding At the end of all neutralization reactions .Question 6
tested students’ misconception  about strong acid and concentrated acid .Question 7 was about
misconception ““ Polyprotic acid behaves as strong monoprotic acid “ Question 8 was about the
chemical formula of acids and bases .

Question 9 was about properties of acids and bases . Finally, question 10 aimed to explore
students’ understanding of the hydrolysis concept. All questions were piloted and required
modifications were made prior to the administration of the test. The content validity of the test
questions was assessed by six chemistry lecturers. The questions were administered to 264 of XII
grade students from six different schools in west Azerbaijan.The test was conducted under normal class
conditions without previous warning. The students were confirmed that the results of the test would be
used for research purposes and would be kept confidential. Students’ responses to the diagnostic
questions were analyzed. Misconceptions were determined and percentages were calculated. In
addition, 36 students were interviewed in order to clarify their written responses and to further probe
students’ conceptual understandings of the ideas tested in the questions asked in the test. Interviewees
were selected on the basis of their responses given to the test. If a student presented a misconception
and did not provide detailed or clear explanation to his/her response was requested to interview.
Interview time was varied between 20 minutes and half an hour. All interviews were tape recorded
after taking the interviewees’ consent and transcribed for analysis. The interviews were not submitted
to detailed analysis, instead they were used in order to exemplify the misconceptions throughout the
results section during discussion. As the interviews were conducted in Iran, the quotations reported in
the paper were translated into English by the author.

Results and Discussion
Table 1. Students’ misconceptions identified through students’ written responses.

(N=264)
Students’ misconceptions f %
1 Equilibrium system in acidic or basic solution is not affected by the i ¢
temperature :
1a pH of pure water is always equal to 7 164 62
1b Neutral solution is equivalent with pH = 7 (Halstead, 2009) 145 55
1c Kw water equals to 1.0 x 107 172 65
5 In calculation of pH using the formula pH = -log[H30+], [H30+] is just 185 70
from the solute (A solution of 10® M HCI has a pH of 8)
3 Neutralization of acid and base always gives a neutral product 106 40
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In a neutralization reaction, when one of the reactants (acid or base)
4 . o 137 52
is weak,the neutralization does not completely take place
5 All salts are neutral 158 60
6 Hydrolysis is to being separated of a matter into its ions by water 195 74
7 A strong acid is always a concentrated acid 172 65
3 At the end of all neutralization reactions ,there are neither H" nor OH’ 111 42
ions in the resulting solutions
9 As the number of hydrogen atoms increases in the formula of an acid, 153 58
its acidity becomes stronger
Species having formulas with hydrogen are acids and those having
10 . - N2
formulas with hydroxyl are bases :

10a PHs is an acidic compound 116 44
10b NaH is an acidic compound 95 36
10c B(OH)3 is an basic compound 180 68

11 Acids burn and melt everything 145 55

12 The only way to test a sample whether it is an acid or a base is to see 106 40

if it eats something away
13 Bubbles or bubbling is a sign 'of chemical reaction or strength of an 127 48
acid or a base
14 Bronsted-Lowry theory can explain all acid-base reaction 180 68

The results of the students’ written responses to question 1 (see Table 1) revealed that 62% of the
students considered that pure water always has a pH of 7. In other words, they believed that the pH of
pure water is the same (7) at different temperatures, although the pH of pure water is 7 only at 250C.
This kind of reasoning of the students suggests that they did not consider the temperature effect on
ionic product of water and of course, on its pH. The following excerpt from a student’s interview
exemplifies this notion (T and S used for Teacher researcher and student, respectively):

T: What can you say about the value of the pH of pure water?

S:ltis7.

T: Could you please explain, why?

S: I know that pure water is neither basic nor acidic, it is neutral. To be neutral, the pH should be 7...
Yeah | said, if water has a pH of 7, it is neutral.

T: OK. What would you say about the pH of pure water at different temperatures?

S: ...must be same. It is 7.

T: ... should water have different degree of dissociation at different temperatures?

S: I don’t think so. At any temperature, water would dissociate so that the concentrations of H+ and
OH™ will be same, 10”7 M.

T: Why do you think so?

S: Because, in order for water to be neutral, its pH must be 7.

As can be clearly seen from the above dialogue, without considering the temperature effect on
ionization constant of water, the respondent stated that at every temperature, the degree of dissociation
of water would be the same. One possible reason for holding this misconception could be attributed to
the fact that during instruction, when the related topics were being presented, no or insufficient
emphasis of the temperature effect was placed on the pH value of water. Also, in solutions of related
exercises and problems, only saying that a pH of 7 means neutrality could cause the above
misconception for the students, as can be seen in the following excerpt from a student’s interview:
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“...from all exercises and problems I have experienced, I know that pure water has a pH of 7”

The above situation is not different also for chemistry textbooks. The following statement from a
chemistry textbook (Fine and Beall, 1990, p.422) reflects this:

“pure (neutral) water has a pH of 7; pH values lower than 7 represent acidic solutions; and pH
Values higher than 7 represent basic solutions”

without referring to the temperature effect on pH values.

In addition, one possible reason for omitting temperature effect on equilibrium constant of water
can be attributed to the use of different terms, in different examples, for naming the same concept. In
other words, the students could probably be unaware that “ionic product of water” stands for the
“equilibrium constant for dissociation of water”. As indicated by Selvaratnam (1993), terms such as
ionic product, solubility product, dissociation constant...etc should be used in terms of the equilibrium
constant. This would help simplify learning, emphasizing that the same principles are involved in all
types of equilibria, otherwise it complicates the learning of chemistry. Anecdotal evidence also
supports this notion. Question 2 revealed a misconception that the pH of a neutral solution is always 7.
This view held by 55% of the students supports the findings above mentioned, because it can be clearly
said that also for this case, the students did not consider temperature effect on pH. A typical dialogue
from an interview is representative of this notion:

T: Could you please define neutral solution?

S: It is a solution which has a pH of 7... like pure water.

T: Is it possible for the pH of a neutral solution to be higher or lower than 7?

S: No, then the solution would not be neutral. To be neutral, its pH should be 7... whatever done,

it is impossible to change the value of neutral pH.

From the above dialogue, it is suggested that the students’ reasoning behind this misconception is
the same as that in previous misconception. The findings about the misconceptions mentioned above is
consistent with those in the work of Demerouti et al (2004) with twelfth-grade students in which it was
reported that the neutrality concept seemed to confuse the students so that the majority of them defined
this concept in terms of the pH= 7 value.

Question 3 required students to predict the pH of a solution of 10® M HCI. The majority of the
students (70%) reasoned that the pH of the solution would be 8. The students’ written responses about
this question showed that they simply used the equation of pH = -Log [H™] to find out the pH of the
solution, as indicated in the following excerpt from one of the written responses:

“HCI — H" + C I' pH=-Log [H"] => pH=-Log [10-8] and so, pH=8
[H] =107

The analysis of the students’ written responses showed that many students tended to leave the
explanation section of this question blank rather than giving reasoning for their answers. This is similar
in the interviews in which they repeated some of the statements from their written responses. The
following excerpt from one interview confirms this rationale:

S: ...according to pH=-Log [H+], pH will be 8.

T: but, this is an acid solution, isn’t it?

S: yeah...but the equation says that its pH is 8.

T: then, in this case, how can you explain that an acid solution has a pH of 8?
S: Idon’t know...

However, the results of interviews and written responses revealed that few students reasoned that
the pH of the solution is 8, because it is too dilute. In addition, the students stated that if an acid
solution was getting dilute, the pH of the solution would be over 7. The following excerption taken
from one of the students’ responses best exemplifies this approach:

S: ...its pH would be 8.
T: but, this is an acid solution, isn’t it?
S: Yeah.
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T: then, in this case, how can you explain that an acid solution has a pH of 8?

S: for example...let’s... consider a solution of 10-5M HCI. If we diluted it ten times, the pH would be
6; again diluted ten times, the pH would be 7; again diluted ten times, the pH would be 8.

A quotation from another student’s interview is similar:

“...If we added a large amount of water into this solution, we can make the pH of 8”

This misconception had been also revealed in a previous work in which it was reported that the
students holding the misconception assume that the strong acid determines the pH and some took into
account only the acid ionization (Demerouti et al. 2004). As they said, in the case of low acid
concentration, the ionization equilibrium of water is important and should be taken into account. Two
common misconceptions relating to the neutralization concept were determined from students’
responses to Question 4. The one held by 40% of the students was that the neutralization of acid and
base always gives a neutral product. This misconception suggests that the students thought that all salts
are neutral. The following excerpt from a student’s interview best exemplifies this notion:

S: all neutralization reactions result in neutral solution.

T: Please explain why.

S: the products are water and salt...and we know water is neutral... also salt is neutral because its
structure contains no H+ or OH- which can ionize and so, the resulting solution would be neutral.

T: for a salt, is it possible to be acidic or basic?

S: No, because it is only a salt. If it was acidic or basic, then we should call acid or base, not salt.

The above finding was similar to that of Schmidt (1991), and Ross and Munby (1991), in which
it was stressed that most of the students misunderstood the concepts of neutralization and neutrality,
and they suggested that the reason of this misconception was that students failed to realize the central
role of water in neutralization reactions. The results also indicated that some of the students of this
study showed semantic understanding in their explanation of neutralization concept; in a neutralization
process, a neutral product will occur. Schmidt (1997) also pointed out the negative influence of the
term ‘“‘neutralization” which described reactions that leave neither acid nor base and indicated that
students have difficulties in understanding neutralization of a strong acid by a weak base. The
following quotation from an interview dialogue supports this notion.

“...this is neutralization, and it is clear that this causes neutral products.”

The misconception indicated that the students had the idea that acid and base consumes each
other completely in all neutralizations namely every neutralization yields a neutral solution. As
reported by Schmidt (1991), the reason for this can probably be attributed to introducing students to
eutralization reactions through examples where strong acids react with strong bases to give a neutral
solution. The other misconception revealed by question 4 is that in a neutralization reaction, when one
of the reactants (acid or base) was weak, the neutralization does not completely take place and the
strong one (acid or base) determines the pH of the resulting medium. Relating to the question 4. 52% of
the students stated that the pH would be over 7, indicating that after sodium hydroxide neutralized the
initially ionized part of the weak acid, there will be excess hydroxide ions in medium and this causes
basic pH. This view clearly suggests that the students consider that after the initially ionized part was
neutralized, the weak acid will not ionize any more. The following quotation from an interview
dialogue emphasis this kind of view:

S: ... here acid and base cannot completely consume each-other. Because, we know that the acid partly
ionizes and the ionized part will be neutralized. After this, there still will be acid and base.

T: OK. Will neutralization stop after the initially ionized part of the acid was consumed?

S: Yeah... because, there is no H" any more.

T: What you think, will the rest of the acid dissociate to give more H*?

S: No... I don’t think so.

T: Could you please explain why the pH will be over 7?
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S: There will be plenty of OH" ions from potassium hydroxide. This causes the basic pH of the solution.

The above dialogue demonstrates leads us to suggest that the student had possibly failed to
extend the application of the principles of chemical equilibrium to the ionization equilibrium of a weak
acid. However, some of the students did not provide logical explanations, but only said that the pH will
be determined by the stronger between the acid and the base. The following written response of a
student indicates this notion:

“...acid is weak, base is strong. So, the solution will have basic pH ”

With regard to the above misconception, Demerouti et al. (2004) reported similar findings. They
found out that the respondents believed that for its neutralization, a strong base requires more moles of
a weak acid than that of a strong acid.

The other misconception revealed by question 5 is that in a neutralization reaction, At the end of
all neutralization reactions, there are neither H nor OH" ions in the resulting solutions .

T: what is happening At the end of all neutralization reactions?
S: At the end of all neutralization reactions, there are neither H* nor OH" ions in the resulting solutions

The misconception indicated that most of the students,failed to realize the central role of water in
neutralization reactions. The concentration of H30™ and OH™ ions in the neutral aqueous solution is
about 107 mol/l. Therefore, neutral doesn’t mean that the two are not present in the medium. In the
literature, Schmidt' s (1991, 1997) suggestion for the reason of this misconception was that students
misunderstood the concepts of neutralization and neutrality.

The other misconception revealed by question 6 is that in A strong acid is always a concentrated
acid
T: Is A strong acid always a concentrated acid ?

S: yes because concentrated acid is more hydrogen .

The other misconception revealed by question 7 is that in Polyprotic acid behaves as strong
monoprotic acid
T: Are all Polyprotic acids stronger then monoprotic acids?

S: yes , As the number of hydrogen atoms increases in the formula of an acid, its acidity becomes
Stronger and Polyprotic acid is ionized in one step ionization reaction also Polyprotic acid is ionized in
one step ionization reaction .

The other misconception revealed by question 8 is that in Species having formulas with hydrogen
are

acids and those having formulas with hydroxyl are bases . (Halstead, 2009)

T: NaH , CH4 B(OH)3 and PH3 acidic compounds are or basic compounds ?

S: NaH , CH, and PH3 The compounds are acidic because they have hydrogen in their structure
But B(OH);3 is an base because there is a hydroxyl in the formula .

The other misconception revealed by question 9 what is acid ? what is base ?

T: What do you know about acids and bases ? Explain your answer as carefully as you can.

S : Acids burn and melt everything also All acids and bases are harmful and poisonous .

Bubbles or bubbling is a sign of chemical reaction or strength of an acid or a base .

The results of the final question revealed a common misconception about the hydrolysis concept.
74% of the students considered that in hydrolysis, water causes the separation of substance ions. This
suggests that these students regard hydrolysis as the ionic dissolution of substances in water. The
following excerpt shows this view:

S: ...hydrolysis is a compound to be separated of into its ions by water.
T: Could you please give an example?

S: like, KCI + Water ? K* + CI’

T:This is dissolution, isn’t it?

S: Yeah...but please pay attention that in that case, the solvent is water.
T: What do you mean? Please, explain more.

vea



aY 018 i Amala [ Al g Ay g0 s plall Apld) A 3 A0S Alna £¥/anl)

S: Yeah...I mean that it is a specific situation of dissolution... I think dissolution in water is
specifically
called hydrolysis.

In the above dialogue it can be seen that the student consider hydrolysis as a sub-concept of
dissolution concept. Because, the students holding this view used the term hydrolysis only in the case
of dissolution of an ionic matter in water, excluding molecular dissolution, as clearly indicated in the
following quotation:

S: ... if ionization takes place in water, this is called hydrolysis.

T: What about dissolving of sugar in water? Is that also a hydrolysis?
S: No, there is no ionization in dissolving of sugar, so no hydrolysis.
Conclusions and Implications

The results of this study showed that Iranian students senior high schools have a number of

common misconceptions in the topic of acids and bases. These can be summarized as:

* pure water (or a neutral solution) has always a pH of 7;

» the pH of an acid solution that is excessively diluted can be over 7;

» all salts are neutral in terms of acidity-basicity;

« the neutralization of a strong base by a weak acid (and vice versa) does not proceed to completion
(even if the reactants are in stoichiometric amounts), hence the resulting solution is basic (or acidic);

« At the end of all neutralization reactions, there are neither H3O" nor OH" ions in the resulting
solutions .

« At the end of all neutralization reactions ,there are neither H" nor OH" ions in the resulting solutions

* A strong acid is always a concentrated acid

* Polyprotic acid behaves as strong monoprotic acid

* Species having formulas with hydrogen are acids and those having formulas with hydroxyl are bases

* The only way to test a sample whether it is an acid or a base is to see if it eats something away

* Bubbles or bubbling is a sign of chemical reaction or strength of an acid or a base

* Bronsted-Lowry theory can explain all acid-base reaction

* hydrolysis is considered as being the separation of a substance into ions by water.

Teachers should be aware of students’ prior knowledge and misconceptions on acids and bases,
because they are strong predictors of student achievement. In short, when suitable strategies are used in
the teaching of the unit ’acids and bases‘, they are more likely to cause a significantly better removal of
misconceptions and acquisition of scientifically sound concepts. In addition, chemistry teachers should
be encouraged to prepare teaching materials related to the other chemistry topics in the light of the
models of Context-based approach and conceptual change . We have concluded that the Students’
misconceptions of the concepts of the acids and bases generally originated from their experiences in
everyday life. So, when preparing a teaching program and student-activities on the concepts, it is very
important to include everyday substances in the activities. The written responses given by the students
revealed several misconceptions that probably affect the quality of their learning in typical chemistry
classes. In addition, the data from the students’ nterviews showed that in many cases their
understanding of basic concepts is limited,distorted, wrong, or missing entirely. In the light of this
evidence, chemistry instructors may sometimes overestimate their students’ understanding of basic
acid-base concepts. It is clear that instructors should consider supplementing the lecture format with a
variety of activelearning teaching strategies that would encourage the students to become aware of their
misconceptions. Instructors also would benefit from knowing their students’ misconceptions and by
making efforts at remediating them.

Misconceptions study that have been conducted show several difficulties in learning acid-base
chemistry. At least, there are four main issues that could be addressed in this analysis namely
fragmentation of students’ understanding, problems with symbols and mathematical formula,
difficulties in understanding the context in acid-base chemistry, and problems in generalization. The
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results of analysis in students’ misconception could be used as references for chemistry teachers for
identifying students’ misconception in classroom. Teachers should be aware of students’ prior
knowledge and misconceptions on acids and bases, because they are strong predictors of student
achievement.In short, when suitable strategies are used in the teaching of the unit *acids and bases’,
they are more likely to cause a significantly better removal of misconceptions and acquisition of
scientifically sound concepts. Further investigations about students’ misconceptions on acid-base
chemistry topic are suggested using various methods to get better data analysis. Considering the
importance in collecting the data of students’ misconceptions, it is also suggested for other researchers
to investigate students’ misconception for other topics in chemistry.
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Appendix :
Questions
1 Compare the pH values of pure water at 25°C and 70°C. Explain your answer as
carefully as you can.
2 What is a neutral solution? Explain your answer as carefully as you can.
3 Predict the pH value of a solution of 10® M HCI. Explain your answer as

carefully as you can.
4 At 250C, when equal amounts of 0, 1 M KOH (aq) and 0, 1 M CH3COOH(aq) are
mixed, what about the pH of medium?
a)pH>7 b)pH=7 c)pH<7

what is happening At the end of all neutralization reactions?
Is A strong acid always a concentrated acid ?
Are all Polyprotic acids stronger then monoprotic acids?

NaH, CH4 B(OH); and PH5 acidic compounds are or basic compounds ?
What do you know about acids ? Explain your answer as carefully as you can.
10 What is hydrolysis? Explain your answer as carefully as you can.
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