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Abstract

Students’ misconceptions on acid-base chemistsgm@ibr high schools in Medan were investigatedis $tudy.
The study involved 179 of XI grade students from different schools in Medan selected based orr thei
accreditation. Students’ misconceptions on acick ldmmistry topic were identified and collecteddiving a
valid test developed by researcher to the studeritgm of Acid-Base Chemistry Misconception Teshtaining

12 open-ended multiple choices. The data collestede processed and categorized based on students
achievement and students’ understanding. It wasated that students had fifteen misconceptionsedgnken
submisconceptions. From five main concepts invatd in acid-base chemistry, percentage of students
responses categorized as specific misconcepti@anaa@d and base concepts (22.07%), pH and pOH ptsce
(43.58%), ionization degree and equilibrium constamcepts (8.94%), acid-base indicators conced586),

and acid-base titration concept (9.50%). The stldg revealed four main students’ problems in ustdeding
acid-base chemistry namely fragmentation of stuiglemderstanding, problems with symbols and mathieada
formula, difficulties in understanding the contaxtcid-base chemistry, and problems in generabzat

Keywords: students’ misconception, acid-base chemistry, stisdachievement, students’ understanding

1. Introduction

Human beings naturally learn from natural and doerevironment through the observation using thaie f
senses. This learning process, whether aware oronotrrs continuously from the beginning until #ved of
human life. In this case, human being especiallgestts, grow and develop various ideas and corepébout
everything they receive from their environment. €eguently, students do not enter the classroonigaak

vessel, but they enter classrooms with preexidtmgvledge or ideas of science concepts that williéévered
by teacher (Gonen & Kocakaya, 2010). These ideas) the students’ point of view, can be understimosuch

a way that strongly held by the students. Thesasidad conceptions are possibly correct, but nfasteon are
significantly different from accepted scientificewpoints and tend to be rationalized by studertigrarily by

only considering what they receive from their faenses.

In science classroom, students bring their priasvidedge from the outside and sometimes relate {héar
knowledge to what teacher explains improperly. €fae, the concepts they construct cannot correothtain
the scientific phenomena and, finally, deviate frecrentific concepts. These differences betweersthdents’
views and the scientifically accepted views ardedalmisconceptions (Ozmen, 2004; Barke et al., 2009
alternative conceptions (Pedrosa & Dias, 2000; nkaler, 2006), commonsense reasoning (Talanquef)200
preconceptions (Barke et al., 2009), alternatiaenwork (Kuiper, 1994; Maskill & de Jesus, 199%)naive
conception (Reiner et al., 2000) (misconceptioomtés used in this paper for simplicity.) Some oédh
misconceptions can be removed easily, but mosterhtare strongly held by students and usually fiettaed

by regular classroom teaching because these aretlsiogp students believe. If the misconceptions raot
corrected, new concepts would be difficult to berté (Gonen & Kocakaya, 2010).

Chemistry is sometimes viewed as a difficult subjeg students. The chemistry concepts itself amlyre
complex and abstract (Stieff & Wilensky, 2003). @Glistry also makes students go between macroscopic
representations, submicroscopic (or molecular) esgmtations, and symbolic (or iconic) represemnatio
simultaneously (Johnstone, 2000; Chandrasegaraal.,e007). In order to get deep and comprehensive
understanding in learning chemistry, students neembmprehend those three representations of ctrgnigy
chemistry teaching that cannot relate these thineencstry representation properly will have greatgibility to
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create misconceptions in students and make thenoté#ully understand the concept.

In general term, misconceptions could be definedrasconceptions that are in disagreement or diffewith

currently accepted scientific view. Various sourogésnisconceptions have been found and explainet sis
students (Suparno, 2005), teachers (Suparno, Zd@&ghsler & Schmidt, 2005), textbooks (Pedrosa &Di
2000; Chiu, 2005; Sanger & Greenbowe, 1999), tegchiethod (Tasker & Dalton, 2006), and internetséde
& Ince, 2010). Talanquer (2006) had also explaihed the way students think about chemical substanod

phenomena underlying the misconceptions based mmomsense explanatory framework.

Identifying misconception of students is the fitep for preventing misconceptions in chemistrye Th
identification of the students’ understandings anidconceptions has been the goal of many of thdiesu
carried out over the last years (Ozmen, 2004). Sofitee conceptual areas in which most studies leen
conducted are chemical equilibrium (Erdemir et2000; Sendur et al., 2010; Husseini, 2011), aeiskh(Ross
& Munby, 1991; Kousathana et al., 2005; Sheppa@®6?, chemical bonding (Peterson et al., 1986; &oll
Taylor, 2002; Ozmen, 2004; Smith & Nakhleh, 20Ii)¢clear chemistry (Nakibog'™Lu & Tekin, 2006), atomi
orbital and hybridization (Nakiboglu, 2003), buffsolution (Orgil & Sutherland, 2008), solutions atiekir
components (Calik & Ayas, 2005; Pinarbasi & Canppd803), colligative properties (Pinarbasi et 2D09),
thermochemistry (Azliandry, 2007) and electrochérpi€Sanger & Greenbowe, 1999; Huddle & White, 2000

As mentioned above, there are some topics that istignstudents find more difficult to understandneOof
those topics is acid-base chemistry. The topic@fsaand bases is dense with concept and requirsgegrated
understanding of many areas of introductory chesni@heppard, 2006). Students often just gain kedgé of
acid-base concepts through memorization withoutprelrend them (Lin et al., 2004). In the literatutere
have been a number of studies that address vaagpects of understanding about acids and bases@H2@03;
Sheppard, 2006; Schmidt & Chemie, 2007; Halste@092 Cartrette & Mayo, 2010; Chaiyapha et al., 2011
Rahayu, 2011).

Therefore, based on the condition described akibeeresearcher chose to conduct this researchofijeetive
of this research was to identify High School studemisconceptions about concepts of acid-base dtgnand
to determine which misconceptions in basic chemistmcepts causing difficulties in learning the cepts of
acid-base chemistry at Senior High Schools in Medan

2. Methodology

The research was conducted qualitatively by usimgstionnaire in form Acid-Base Chemistry Misconaapt
Test (ACMT) as the instrument to obtain and identdtudents’ achievement (achievement score) and
misconceptions in acid-base chemistry topic. Theystvas started from sampling process to obtairmpsafrom
Senior High Schools situated in Medan. The studg teen followed by preparation and testing of redea
instrument in form of Acid-Base Chemistry Miscontiep Test (ACMT).

Research object in this study was consisted ofrAtlg students from one class of a Chemistry Cdunse six
Senior High Schools in Medan Academic Year 201122@ho have learnt acid-base chemistry topic. These
schools are selected based on their accreditamrdditation A, B, and C). Two schools were chdsam each
accreditation. The samples from these schools wktained by choosing one class randomly in eacbdch
From those classes in each school, all students sadected as sample without considering theireaeiment in
chemistry class.

The instrument of this research which was usedldaining data was diagnostic test of misconcepticiorm
of Acid-Base Chemistry Misconception Test (ACMT)12 open-ended multiple choice item test corresjmond
to acid-base chemistry concepts was developed dydbearcher with respecting to misconceptionsirsdda
from various literatures. Acid-base chemistry cquiseanalyzed and examined in ACMT included five mai
concepts namely acid and base, ionization degréesq@uilibrium constant (Kand K,), pH and pOH, acid-base
indicator, and acid-base titration. Descriptiongest items in ACMT are presented in Table 1. Equbstion
required students to select one correct answer freroptions and wrote expected reason based entiici
concept for each problem. Both of these data weesl Wo group the students based on students’ achew
and students’ understanding.

In collecting the necessary data in this studydvACMT test was given to the sample. This was daifter
the students have learnt acid-base chemistry maitanswering the test, students were free tdlsedata
of atomic number from periodic table and use tHeutator.

2.1 Students’ Achievement Criteria
Data of students’ achievement were collected basethe options chosen by students for every questio
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ACMT without considering the reason they made foese options. The division of group was done by
calculating the average value and standard dewmiatiGctudents’ marks in each class, and then gabbpsed on
the following criteria.

High Group (HG) :H&G X + SD
Medium Group (MG) :X-SD<MG<X+SD
Low Group (LG) LG X-SD
where: X =the average value of sample in eaascl

SD = the standard deviation

2.2 Students’ Understanding Criteria

Grouping of students based on students’ understgnaas conducted by analyzing the data of studesdisons
in answering ACMT. Students’ answers were thensdii@sl into four categories based on the followinigeria.

» Scientifically Correct (SC)This group consists of scientifically completespenses and correct
explanations

» Partially Correct (PC) Any scientifically correct responses but incontplexplanations are fit in this
category.

« Specific Misconceptions (SMAny completely scientifically unacceptable respesor explanations are
included into this category

*« No Understanding (NU) Students who do not make any response; makeewart or unclear
explanations; just rewrite the question or no exaleon are put in this category.

3. Result and Discussion

3.1 The Grouping of Students Based on Studentgyetment

Data of students’ achievement were collected basethe options chosen by students for every questio
ACMT without considering the reason they made fugse options. In grouping of students based on thei
achievement, students’ marks were converted in fofrachievement. Averages of students’ achieverment
answering ACMT and number of students in each gfougll schools were presented in Table 2.

3.2 The Grouping of Students Based on Student®tdtahding

Grouping of students based on their understandiaige wonducted by dividing the students into fodfedént
groups. These groups consisted of scientificallyesti (SC), partially correct (PC), specific misception (SM),
and no understanding (NU). Based on the data aedlfrom students’ responses in ACMT, as a wholereth
were fifteen misconceptions and eleven submiscdimoep identified. Percentage of students’ undedsitamn
analyzed based on selected option and reason madeutlents and percentage of students’ misconaeptio
identified on acid-base chemistry topic from alaocls could be seen in Table 5 and Table 6, respéctAn
example in analysis of question 8 is presenteti@$ailowing.

3.2.1 Analysis of Question 8

Question 8 was proposed in order to know studemigérstanding about acid-base reaction from theethcid-
base theories (Arrhenius, Bronsted-Lowry, and Leweories) and chemical bonding concepts that e
learned by students. Arrhenius theory emphasize#i'oand OH produced when substance was dissolved in
aqueous solution, while Bronsted-Lowry theory engired on species acting as proton donor and aageyt
further, Lewis theory involved the species that aahas electron pair donor and acceptor. Answegdestion 8
and percentage of students’ responses for queltioACMT are presented in Table 3 and Table feetvely.

From the sample investigated, it was obtained 838% of students’ responses was categorized disllyar
correct, 24.02% of students’ responses was categgbras specific misconception, and 67.6% of stsient
responses was categorized as no understandingstigu 8. Table 4 shows in general about the ptagerof
students’ understanding analyzed based on seleptezh and reason made by students for question 8.

Students’ responses categorized as partially doofezse option E, however, students were wrongiimg a
correct reason. Students knew that reaction inoopf&k was an oxidation-reduction reaction, but they
differentiated incorectly between reducing and @iy agents. The following statement had showrsdhe
partially correct answers.
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“E. 3Ni2+(aq) + ZCF(OH)g(S) + 100H(aq) (—73Ni(s) + ZCI'O42_(aq) + 8H20(|)
Alasan: karena Cr(OH)bukan basa tetapi oksidatofAccreditation B school)

Students’ misconceptions in question 8 led to oimel lof misconception namelyohe acid-base theory can
explain all acid-base reactiohThis misconception was divided into two submisceptions namelyArrhenius
theory can explain all acid-base reactidrad “Bronsted-Lowry theory can explain all acid-basectézns”

Arrhenius theory can explain all acid-base reactioBtudents whose this misconception in generalagxgd

that, in an acid-base reaction, the reactants dhamritain H recognized as an acid and OH recograzedl base.
Students also tended to explain that compound gon¢aH is an acid and one containing OH is a b&sweral

students’ statements containing this misconceierstated as the following.

“A. Al(OH)3()*+ OH (aqy & AI(OH)s (aq)

Alasan: karena setiap reaksi asam-basa harus mdivaH dan OH*
(Accreditation B school)

“C. NHj(g) + BF3(g) & HaN-BF5(5)

Alasan: karena umumnya reaksi asam + basa akan hasilyan garam + air (HO)”
(Accreditation B school)

Bronsted-Lowry theory can explain all acid-baseatéans Students’ responses containing this misconception
showed that, in every acid-base reaction, thereldhme proton transfer ()l Student’s response clarifying this
misconception is presented as the following.

“C. NHg(g) + BFg(g): H3N'BF3(S)

Alasan: karena tidak ada yang menjadi donor prottan akseptor proton (pemberi dan penerima)”
(Accreditation A school)

Both of these submisconceptions indicated thatesttgdwere not too familiar with these three acidebtineories
and their application in certain context especiédiyLewis theory. Some students just compreherwedacid-
base theory and applied this one to all acid-beaetions as shown in those statements. These stdmoéption
leaded to one main misconception indicating thadestts tended to use one acid-base theory to exallaacid-
base reaction.

3.3 Discussion

Based on the analysis that has been conducted, ahas$tidents’ responses in ACMT were categorized in
specific misconception and no understanding rathen scientifically correct and partially correEhese results
indicated that students of Senior High Schools edih have low understanding in acid-base chentigpig.
Students, in general, couldn’t make any correctara for what they know.

Misconceptions analysis that have been conducted several difficulties in learning acid-base chetnyi At
least, there are four main issues that could beeaddd in this analysis namely fragmentation oflestts’
understanding, problems with symbols and mathemdatarmula, difficulties in understanding the coritén
acid-base chemistry, and problems in generalizatiomther explanations for these difficulties aregented as
follow.

3.3.1 Fragmentation of students’ understanding

This issue was identified from some questions tieded students’ understanding in other area dflzase
chemistry such as chemical equilibrium, stoichiayethemical bonding, and thermochemistry. In l@agn
acid-base chemistry, students tended to ignorettier topics and not made any connection to wleat larn in
acid-base chemistry. Ozmen (2004) also explainatl ttte persence of students’ misconceptions inetctie
fragmented understanding in students’ minds. Tipd@momena could be seen in students’ responsedving
questions 1, 3, 4, 10, and 11. From these questibosuld be seen that students didn't try to edive problem
by using other concepts from different topics; thest did it in scope of acid-base chemistry.

3.3.2 Problems with symbols and mathematical foamul

This problem clearly made the students difficulpioving any statements in ACMT. Students, gengratbde
miscalculation, misinterpretation the symbols, #meh they were wrong in concluding the result. 8tud even
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didn’t understand [KD'] symbol that they have learned in previous togiash as in reaction rate and chemical
equilibrium. Sirhan (2007) also have recognized tis one of five main problems In learning chemidtte
explained that the use of representational syminslisSn chemistry could create misunderstandings and
confusions and suggested that students shouldvie@ gnore opportunity to verbalise and discuss idetasn
chemistry concepts were being taught (Sirhan, 200/ difficulty could be seen in students’ respes for
solving question 2, 5, and 9.

3.3.3 Difficulties in understanding the contexaiid-base chemistry

Students, in solving the ACMT, were difficult anehtled to ignore the real context of problem. Sttel@rst
focus on the number and mathematical formula ginetihe problem without considering what actuallkexs
Problem with context also could be found in impletagion of acid-base theory. Students used onelmséd
theory and utilized it to explain all acid-baseatén. Talanquer (2006) also found these phenortaaigh the
analysis of misconceptions from various researdmethat paper, Talanquer (2006) explained thadestts tend
to apply general principles and laws without coaesitg the particular characteristics of the systeroonditions
of process. Problem in understanding the contexidcbe seen from students’ responses in solvingtores 3
and 8.

3.3.4 Problems in generalization

Students tended to be trapped by some generalizeteated when they learned acid-base chemistige8ts
just memorized these generalizations without undeding the underlying theory of these. These
generalizations created misconception in studenitsd and, finally, students just answer ACMT by timg a
meaningless statement. Talanquer (2006) calledathifxation and explained that students tend tfoyathe
same principles, strategies, and interpretationisnaatically in solving various problems, withoutnsidering
other strategies or meaning and ignoring the natfifgroblems. These problems could be seen frohests’
responses in solving questions 6, 7, 9, and 12.

These difficulties showed that students had ndy fuhderstood about acid-base chemistry. Most oflestits
couldn't integrate their understanding in otheraaref chemistry in learning acid-base topic. Sttslgust
focused in memorizing the formulas and theorieggin learning process without comprehending thEnese
problems were also strengthened by low mathematlili$ of students that increased the degree fitdlties
in learning acid-base chemistry.

4. Conclusion and Suggestion

Result of students’ misconceptions analysis indidahat students of Senior High Schools in Medare Haw
understanding in acid-base chemistry topic. It @snd that there were fifteen kinds of misconceamio
identified in five main concepts of acid-base ctetngi Analysis of students’ responses also showatl there
were four areas as the main problems in formatibrstodents’ misconceptions namely fragmentation of
students’ understanding, problems with symbols aradhematical formula, difficulties in understanditige
context in acid-base chemistry, and problems iregaization.

The results of analysis in students’ misconcepttionld be used as references for chemistry teadoers
identifying students’ misconception in classroonartker investigations about students’ misconcegtiom acid-
base chemistry topic are suggested using variotisaug to get better data analysis. Consideringntipertance
in collecting the data of students’ misconceptioiisis also suggested for other researchers tostigete
students’ misconception for other topics in cheryist
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Table 1. Description of test items In ACMT develdp®y researcher from various sources

Concepts in Acid-Base Test -
No . Description
Chemistry Items
1 | Acid and Base 1 examples acid-base compounds
2 characteristics of acidic-basic solutions
8 acid-base theories
10 acid-base reactions
2 | pHand pOH 3 pH calculation in extremely smaheentration of acid
5 the dependence of KpH, and equilibrium in solution to th
temperature
9 comprehension about solution with pH =0
12 application of the dependence of, ¥H, and equilibrium in
solution to the temperature
3 | lonization  Degree and 4 equilibrium shifting in dilution process of adielbasic solution
Equilibrium ~ Constant (K 5 the nature of Kof weak acid
and K))
4 | Acid-Base Indicators 7 acid-base indicator ircrnacopic and microscopic scopes
5 | Acid-Base Titration 11 acid-base titration prezand change of pH along the titratig
Total 12 test items

Table 2. Number of students for each group basestuatents’ achievement

D

Accreditation A Accreditation B Accreditation C
Students’ Achievement
School A School B | School C School D School E Schéol
+
Mean__Stgndard 17.6+10.1 9.7+6.5 28.8+14.5| 16.2+7.3 8.9+8.3 9.2+7.1
Deviation
HG 3 8 7 8 5 4
MG 29 18 27 17 9 12
LG 4 5 5 12 2 4
Number of Student 36 31 39 37 16 20

Table 3. Question 8 and its answer in ACMT

The followings are acid-base reacti®@XCEPT...

3 Ni**(agy + 2 Cr(OH)s) + 10 OHpaq) S 3 Nig) + 2 CrQ? 5 + 8 HOy

A. A|(OH)3(S) + OH(aq) 2 A|(OH)4+(aq)
B. 2H,;0p 2 HyO'(ag) + OHag)

C. NHg(g) + BF3(g) 2 H3N'BF3(S)

D. 2NH3(I) 2 NH4+(ammonia)+ NHZ_(ammonia)
Answer:

E. 3NF*(ag) + 2Cr(OHYs) + 100Hg) S 3Nigs) + 2CrQ% (aq) + 8H:0y
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Reason:

Reaction in option E is an oxidation-reduction t&acin which Nf* act as oxidizing agent and Cr(QH)
as reducing agent. Reaction in options A and Ccaresidered as acid-base reaction based on Lew
theory. There are transfer of electron between A){and OH and between NiHand BR. Option A and

C are recognized as autoionization reactions oématnd ammonia in which there are transfer of proto

(H" ion) between water and ammonia molecules thaeagih Bronsted-Lowry theory.

Table 4. Percentage of students’ responses fotignesin ACMT

Sample (%)
Categories Accreditation A Accreditation B Accreditation C Total (%)
School A | School B | School C | School D | School E | School F
SC 0 0 0 0 0 0 0
PC 0 0 38.46 0 0 0 8.38
SM 50 6.45 33.33 18.92 18.75 0 24.02
NU 50 93.55 28.21 81.08 81.25 100 67.6

Table 5. Percentage of students’ understandingzedlbased on selected option and reason madedsnss

Categories based on Students’
No Concepts in Acid-Base Chemistry Test Item Understanding (%)
SC PC SM NU
1 | Acid and base Concepts 1,2,8,10 0 238 22.07| 75.56
2 | pH and pOH concepts 3,6,9, 12 5/73 0.56| 4358| 50.14
4 | Acid-base Indicators Concept 7 0 27.93 6.15| 65.92
5 | Acid-Base Titration Concept 11 0 0 9.50| 90.50
Table 6. Percentage of students’ misconceptiondiftkdl in acid-base chemistry topic using ACMT
No Misconception / submisconception f % I-tI-Srsnt
1 Chemical formula containing H indicates an a¢ldlétead, 2009) 10659.22
la | CH,is an acid. 60 | 33.52
1b | NaH is an acidic compound 10| 5.59 !
1c | PHsis an acidic compound 36| 20.11
2 One acid-base theory can explain all acid-baasetion (Halstead, 2009) 4324.02
2a | Arrhenius theory can explain all acid-base reaction 28| 15.64 8
2b | Bronsted-Lowry theory can explain all acid-basetiea 15| 8.38
3 Polyprotic acid behaves as strong monoprotic acid 9| 5.03
3a | lonization of polyprotic weak acid, HnX, iH2* and X" 6| 3.35| 10
3b | There'’s no basic species in acidic aqueous solution 2| 1.12
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3c | Polyprotic acid is ionized in one step ionizatieaction 1| 0.56
4 In calculation of pH using the formula pH = -logfBf], [H50'] is just from the 158 | 88.97 3
solute
- ) o _ o 59 | 32.96 6
5 Equilibrium system in acidic or basic solutiomit affected by the temperature
18| 10.06| 12
5a | Neutral solution is equivalent with pH = 7 (Halste2009) 7| 3.91
Statements explaining that “acidic aqueous solutias pH < 7, basic aqueols
5b | solution has pH > 7, neutral aqueous solution lrhs [y, and value of Kw equals 49 | 27.37 6
to 1.0 x 10" are correct
3| 1.68
5¢c | K, water equals to 1.0 x 16
18| 10.06| 12
6 Solution with pH = 0 doesn't contairg®" and OH ion 13| 7.26
7 | Solution with pH = 0 is a strong base*{¥ solution 61| 34.08| 9
8 | Solution with pH = 0 have j®]=0M 3| 1.68
9 pOH of acidic solution increases in dilution pess 8| 4.47 4
10 | K,increases in dilution process 9| 5.03
11 | As the value of Kis smaller, molarity of KD" in the solution is bigger 15 8.38 5
12 Acid-base indicator changes the color at the sahhergdue namely >7 or <7 in sl 447
which there’s no change in pH =7 ’ 7
13 | Acid-base indicator is a catalyst in acid-basetieac 3| 1.68
14 Solutions containing the same molarity, volume, anchber of H in the formula, 13| 726
have same pH ' 11
15 | All solutions in equivalent point have the same pH 4| 2.23
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