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Absrracr: Thh sludy aims to identify sludcnrs misco.ccPtions reglrdiDg cowl'nt bonds Scvcntv_

sevcn gradusG srudcnts in thc middlc of IDdon.sia Parlicipal.d i. th. sludy Dats *'r' coll'clcd in thE
stagcsiFinr, nrisconceprlons werc id.nrificd by using rhe Semi oP.n Diagnosric Tcsr' T'n sludcnts vho

cr;ri.nccd $. worsl misconccplions vcrc itrt.ruicw.d. L6tl, t.xtb@ks wer. rcvic*'d' Conl'nt analysis

w;s u$d lo lnalyzc lh. misconccPtion data w. identificd .ight primary misconc€ptions, namcly: (i) a

covalent bond is formed bclwc.n lwo atoms with a pai. of tucelccmnsr (ii) cach trom in a sbblc mol'cul'

must follov lhc et.t rutcs: (iii) a covsl.nr bond is Pold if thc .lcclron afnnity of lwo bondd noms is

diffcEnrt (iv) rhe fom of th. moleulc dcp.nds on thc numb.r of aloms bod.d to $c entftl !tom; (v)

nonpolar holccul.s havc a dipot. nomnt 4 > 0: ( vi) alt bonds in Pold mol.cul.s e polaf whilc all boods

in non-polar mol*ul.s !€ non-Polar; {vii) lhc numbc. of bonds dcPc s on thc cl.cron'Srtivilv of thc

abms: and{viii) bond lcnsrhd.Fnds on th. ryP€ ofbond. The naio caus.s of studcnt mi$onccPdont !r' d
follors:(i) imomplclc informationi(ii) dificuky urdcrsundinS b6ic conccPrs rc8atdin8 covalc bondsi

and (iii) la.t of cff.criv. communicarion b.twcctr stud.nts and l€&h.6 Thc r.solts suSt.stcd lhc follNing
implications for cachinS: Ih. l.achcr should idenify mi$otrccflions about priot knowl.d8. or conccPc

pnor rc r.aching rh. batics. id.nrify rctlrcnc. b@k lemin8 and fa.iliul. .ffcctivc communicadon so hat

;nformarion rcccivcd by rh€ studcnl is compl.lc and.orccl e 2016 wilcv Pcnodicals lnc I Rcs sci

T..ch 541520-.537- 2017

K.yword!: misonccptioni 8r.du!r. stud.ntr covalcnr bondinSi chemkrv

Inroduction

Miscooceptions arecncountered in chemisry at ali educational lcvels. Many misconccPtions

have been identificd on a variety oftopics (e g., chemical bonds by Acar & Tarhan,2008: Dhindsa

& Treagusr, 20l4: ozm.n, 2008i Pabugcu & Gcban, 2012: Petcrson, Trcagust, & Cam.l. 1986;

Taber, 1994; Tan & Treagusr, ,999, solutions by Devetak. vogrine, & Gl.zar' 2007' chcmical

equilibriurn by Cheung, Ma, & Yan8, 2009, a.omic structure by Griffth & Prcston, 1992; Ibnu

1989, oxidation and rcduction by Barke. Hazai, & Yitback.2009, and acid-basc rcactions bv

Cetingul & Gcb€n,2m5).
Many chemical educarors fear lhat misconceptions are difficult lo change ( Driver, I 989; Duil

& TreaSust, I 998 i lbnu, I 989). and they actively influence studenl lcaming of interr.lated topics
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F]{CTORS CONTRIBU']]N6 TO STUDENTS, MISCONCEl-II{)NS

(Grif6th & Presron. t992r Oznren,2004), and make it diliculr ro achieve scientific literac]
(Bybee,l997l.

.1:"*.t] sussesrs thar misconceptions in chenlistry are caused by many tacrors,
including priu knowledge (Taber, ZO02), because basic concepts tbnn tne basis ot snrdenr
harning on a given ropic (Devemk, Vogrine, & Glazar,2007: Criffith & preston, 1992),
lextbooks used by nrdenrs and lack of;nIo,mr on lAnderson. ta90i GJrnel, CJrnerr, &
Hackljng. 1995: Ped.osa & Dias, 2O0O), rhe complexiry or crrenicat concepts lleveiar<,Vogrine, & Clazar, 2007; Johnsrone, l99l; Meyer & Morcno, 200t; Wu. Xia.lclk, A
Soloway, 2001), and inefTective communication (Brandriet & Bretz, 20t4; Dhj;dsa &
Treagust, 2014t Cudyanga & Madambi, 2014; Ibnu, 1989; Johnstone. 2010; Nakjboghu,
2003; Tan & Treagust, 1999). As a resulr, studenrs develop new knowtedge based'on
misconceptiors (Taber, 201lt Tan & Treagust, i999).

. 
Many merhods have been developed lo address and prevent misconceptions (e.g., the use of

va.ous te€ mr ng approaches by Kra.ic;k. I 99I . integration of laboratory activities in the classroom
by Birk & Kurtz, 1999; Johnsrone & Letton, 1990, and use of concrere moaets by Copoio &
Hornshell. 1995, and technology as tools by Kozma, Russet, Jones, Van, A fjavis, ISSO;
Williamson & Abraham, 1995), however, misconceprions persist, primarily.becuu"" of tn",Jo*
causes of misconceprions.

_ - -Tbe 
earliesr research onmisconceptions in chemistry lessonsin Indonesiais rhe srudy by Ibnu

(1989), which identified misconceptions among Senior Hjgtr School students on rhe mairer of
atomic srrudure. However, untilnow there has been no empi;cal study of the contributingfaciors
for each identified misconception. Mjsconceptionsinonebasic topic. such as the atomic siructure,
can potenlially lead to misconceptions in otherrelated ropics, such as chemicat bonds. Therefore,
the causes of such misconceptions need to be addressed, especially for students of chem;cat
education deparrment in universiries, who may unwittinglytranamit th;misconceptions.

This sludy has four focus questions, namety: (i) Do collegestudenrs experience misconcep-
lions regarding covalent bonding? (ii) Is there a patrern in sludent miscon:eptions of covate'nt
bonding material? (iii) What facrors cause college students to have rnisconcepiions? (iv) Are lhe
misconceptions and causes of student misconceptions in covalent bonding_different irom rhe
misconceptions thar have been found to date?Toanswer thesequestions, a simi,open djagnosric
lest. Covalent Misconception ldentjfication Semi-open Tesl (CMIST) will be used to identify
sludent misconceptions. CMISTwas selecled because in rhe study by Treagust (1988), mulriple
choice conveorional rests are nor sufficient ro evaluate studenr understanding and Teichert and
Stacy (2002) reported that rhe besr way to dere.mine wherhera srudenl undersrinrls rhe material is
by judging thet abilhy ro explain the concepr to othen. However, CMIST can onty determine
whether the studenr experiences misconceptions. Unlike previous studies, this studv uses studenr
panicipants from a specific learning environmenr. Hence. rh€ rdenrrhed mrsconcepirons coutd be
confirmed rhrough interviews and analysis of rextbooks. Textbooks wili be reviewed to idenrify
causes ofmisconceptions in terms of rhe presenratron of basrc conceprs necessary to undersrand

In Indonesian universities. the iypical chemistry cuniculum is orieflred rowards the mastery
of knowledge (?57o) with a minimum load of 144 credi6, Lonsrsrrng ot t40 credrts (9?%) o;
comprlsory subjects and 4 credirs (39o) on optional ones. There are approximately 70 subjecN
withina4-year study period. Chemistry leamiflg is generalty leacher-- .entered. with ctassroom
and laboratory activities determined by the lecrurer Thercfore. the studenrs spend most oftheir
lime listening and noting explanations of the lecturers. Students from the middle of Indonesia
generally have difficulty u ersranding rextbooks wrirlen in English. Meanwhile, universities-
Level textbooks writren in or rranslated inro the k)cat languages are difficulr to obrain.
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Consequenlly, old reference books, including €xrbooks at lhe Senior High School level are still

srored and used al un iversities.

Theoretical Background aDd Frarnework

The Notute ol MilcorcePtt ns

Misconceptions are deemed lo have occurred if the students' understanding of a concept

diifers liom what is underslood by the scientific cornmunity (lbru, 1989) Misconceptions are

srurdy and resistant, so they aredifficulttoreptacewith neq true underslandings; they consistentiy

inffuince the effectiveness of furth€r l€aming (Ibnu, 1989; Ozmen, 2004; Taber, 2009)'

Misconceptions are easily recognizable and idenlifi able.

Misconcepdons occur primarily because offour factors (the natur€ ofinstructional materials,

teachers, students, and reference books, and the relalionship between these factols). Leaming

materials contain abstract concePts and the relationships beMeen the comPlex concePts are

elusive (Devetak, vogrine, & Clazar, 2007; Dhindsa & Treagust, 2014; Jobnstone' I 99 I ; Meyer &

Moreno,2001; Rnodes & Schaible, 1989; Tan & Treagust, 1999). Teachers contribute lo

ineffecrive learning owing to their own misconceptions or failure to apPropriately communicale

(Gudyanga & Madambi, 2014; Ibnu, 1989). The ability of students io think abstractly is limited

Cepni, Ozseveec, & Cerrah, 2004; Hefron, l9?5i Shayer & Adey, 1993) and sludents arc highly

dependent on sense-based leaming (Wu, Krajcik, & Soloway,200l) as well as Prior knowledge,

especially basic concepts (Griffth & Preslon, 1992). Textbooks and handbooks do not always

provide complete and conect information or exPlanations (Devetak, Vogrine, & Glaza\2$l;
Cudyanga & Madambi, 2014).

Causes ol Srudenrs' Misconceptio s in Chenistry

Studenis experience misconceplions in chemistry due 10 four factors (the sludents, a.d the

narure of the marerial, teachers. and textbooks). First, students have difficulty underslandirg

chemical marerials (Brandriet & Brelz,2014i Dhindsa & Treagust, 2014; lohnstone, 2010; Taber,

1998;Tan & Treagust, 1999). Henon (19?5), KarPlus (1977), and Martini and Erman (2009)

found a relationship between chemislry leaming difficullies and abstract thinking ability Manv

college students have limited abstract thinking skills (Herron, 1975i Manini & Erman,2009).

Diffculties occur because of the students' inability to interprel the meaning of chemical

represen tations (e.g., symbols and chemical formulas) (Kozma & Russell, I 997; Krajcik, 1991 ).

Second, chemical refererce materials contain complex concePts and abstract information
(Devetak, Vogdne, & GIazar,2007; Johnstone, l9l; Meyer&Moreno,200I;Rhodes & Schaible,

1989), such as covalentbonds (Good, Kromhout, & Mellor, 1979; KarPlus, 1977i Pedrosa &Dias,
2000; Taber, 201 I ). Reference matedals use chemical models to present chemical phenomena and

are generally metaphorical and the language is not everyday language (Gudyanga & Madambi,

2014). Students require ample time to adapt to chemical language that is used in many reference

materials (Taber,2001). Chemical materials can be classified inlo four viev,/points: (i)
macroscopic (that which can be directly observed thmugh practical activities in the labolEtory),

such as combustion reactions; (ii) microscopic (atomic or subatomic details which cannot be seen

directly), such as particles of atoms and el€ctrons; (iii) symbolic languag€ chemical; and (iv)
mathematical models, such as: Lewis formula (Gabel. 1998t lohnstone, 1991 ; Robinson, 2003).

According to wu, IGajcik, and Soloway (2001). many students have difficulties adapting to th€

symbolic and molecular rcFes€ntations that are used throughout chemistry.
Teachers also propagate misconceptions bccause of their inabilily to communicate

ctbctively with srudents (Gudyanga & Madambi, 2014). Robinson (2003) highlighted lhe
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importance of being abte to change chemical symbols into meaninglut informarion. Teachc.s
could also be the.cause ofstudents, misconceprions owing ro discrepancies and inadequacies in
the implemenration of vadous approaches (e.g.. inconsisteocy displays essentiat aipects of
conceph, or using rerms or symbols thar are unfamiliar to srudents) (cutyanga & Madambi, 2014 i
Taber,2003), a'd faiture to connecr vdious concepts (rbnu. 1989). Moreovei teachers coninbute
to misconceptjons by failing !o idenrify preconceprions and misconceptio,s of srudents berbre
derermining rhe teaching method thal wilt be used (Al-Balushi, Ambusaidi, AI-Shuaiti, &Taylor,
2014; Palmer. 2001 | Pekmez. 201 0) and no1 knowing how ro derermine srudenrs, m$conceotions
(Calik & Ayas,2005). Funhermore, teachers often fait to appropriaret) presenr ab"o".r.on..po,
either by visualization or analogy to help studenrs unaersiana rte mrrerial lTrecgusr, Chrtile-
borough, & Mamiala,2003). Visualization can hetp sludents improve theirspatial tiinking skills
(Barnea & Dori, i 999; Hurst, 2002). Brandriet and Bretz (20 r 4);rared thal t;ck or u naerstinailg
chemical representations submirted by teachersrecturers can be a potenlial source ofstudenrs,
misconceptions. Finally, teachers also have misconceptions (cudy;nsa & Madambi, 2014) and
thustheirstudentsreceiveinadequaae irjformation. Teachers have some-misconcept,ons regardjfig
reaction rare, from the definition ofreacrjoo rate to the retarionship berween reacrion ;te and
activarion energy; organic chemical materials were also idenrified a; frequent misconceprions rn
leachers (Sendur, 2012t Kolonuc & Tekin,201 l).

Textbooks may also serve as a cause of misconceptions (Chiappe(a & Fillmann.2007;
Devetak, Vogrine, & ctaza\ 2001, Grdyanga & Madamri. 20ii1 primariry due ro six
factors. The firsr facror is the use of confusing )anguage (Deverak, Vog.in", a Cra"u..
2007). Science presenration as a collection of facls inlne forrn of g"n""*tira1jo^ urO
mathemarical fomulas also contributes lo misconceptions (Gudyanga i Madambi, 2014).
TIe third facror is the presentation of oyersimptifed material a;d ;isleading information
(Gilbert, 2003; Wrach, 1999). Moreover, the presentation of information or ideas thar arc
too difficuh for e ry level students (Gitbert, 2003; Taber, 2003) can lead to misconcef-
liom. Futhermore, the use of symbols that are difficulr to interpret may contribute io
studeats' mhconceprions (Nyachwaya & Wood,2014). Finally. the use oi terms that are
unfamiliar ro- students (Taber, 2003) may contribute ro studenrs, misconceptions. Text or
symbol-based language arc seen as a system of interFetation that is very important to
b-uild and to develop undersranding (Sutton, 1992). Aicording to Nyachwaya and Wood
(2014), ap?roximately 85% of rextbooks present chemicat information in symbols, which
are difficult to understand (cabel, 1998).

Students' responses to rhe CMISTwill be divided jnto rhree sections (co(ect answer for rhe
right reasons, cofect answer for the wrong reason or for no rcason, or incorrecr answer for the
wrong reason). Judging from rhe development of ctassical 1heory, students who have
misconceptions are basically able to differenriate andiniegrateund€rstanding, bu he undersrand,
ing is immature as it nor adapted to empirical reatjty (Navano,20l4). Duri;g rhe concepruatiza-
tionprocess, the brain uses Iimited information from perceptual experience ro conslruct concep(s.
because of received incomplere informarion or misconceprioni (borh f.om the lecturer;nd
rcference bookyrexrbooks).Immature students will answer the CMISTwith a cerrain understand-

that are r€tained (consistenobecause they beljeve tbe answer. Students whose answer is
inconsistent because it is not sure of the answer are nor classified as mis.

S1). To address the consisrency ofstudenis, answers and the underlying reasons, Ct\,ItST
ides a main question and two or more additional queslions for each aspecl ot rhe

ms

ingofcovalentbonds.
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Methods

H€ren1. we used a cross'secrional snNey desisn (Creswell,2008) using rhree approaches
(se mi-open diagnosl ic 1ests. interviews. and texlbook review) (Osborne & Gilbert, , 980; Peterson

& Treagnst, I989) to exnmine lhe students misconceprions regarding covalenl bonds.

N{isconceptions ident,lied fioln CMISTwere furtherassessed through inlerview ofsrudents who
have llrese misconceprions. and ihe coresponding reference books were also reviewed.
lvlisconception drta xnd c.ruscs were analyzed descriptively using content analysis. The semi'
open diignostic test was used ro idenlify misconceprions by assessing the sludents' ability to
explain aconceptlo olhen (Teichert & Stacy,2002).

This research was conduccd in rhe Universiry at The Middle oi Indonesia. A total of 77

studenrs in their 6fth serrester in rhe Chemical Educalion Deparrmenl at the University who had
jusr parlicipared in acourse in chemical bonding wereincluded as panicipants. They were able to

learn rhe covalent bond materials lhat contain many abslract €oncepts, demonstrating th€ir
abili ties of abstracl thinking in terms of Piaget's theory (Piaget, I 972). Covalent bonding is taught
iD high schools' curriculum jn Indonesia, so university sludentshavepriork owledge of covalent
bonds,and high school chemistry books are used incollege.

Based on the found misconceptions, we intervjewed l0 respondents selected by purposive

sampling. The sludents who showed tbe most mjsconceptions refer to both the number of
misconcepdon and aspecls ofcoyalenl bonding were chosen for inrervieq in o.der to obtain as

much information as possible about the sources of lheir misconceptions. Thus, these 10

interv;ewees do not necessarily represent all the siudents whohave thesemisconceptions.

We used a folm ofthe semj-opentesrcalledcovalentmisconceptions identificationsemi open
test (CMIST). The CMIST consists of42 multiple choice questjons with four possible answers
(1 4) equipped with four options grounds (A D). One alternative answers (answer 4) and one

ahemative reasons (reasons D) left empty were to be selected ifstudents wanted to gire thejr own
response (Iable S I )- This form of tbe &st was selected in accordance with the opjnion of Treagust
(1988) and Teichen and Stacy (2002), who suggested rhar conventional multiple choice tests are

not suitable to assess student understanding.
The CMIST conlains eighl aspects of.covalent bonds (covalent bond concept, octet

rule, bond polarity, molecular shape, dipole momenl, molecule polarity, amount of bonds,
and bond length) in accordance with the applicable cuniculum al the Uoiversity and high
school. In lhe bachelor's degree curriculum of chemisry education ar the university,
covalent bonds arc studied in the course of chem;cal bonds, with the weight of two credirs
in fifth semester. The lopics include the concept of covalent bonding using octet flrle and
Lewis strllcture, rhe simple of covalent bords of diatomic (rhe number, length. and the
polarity of the bonds), and the Beometry of covalent bonding (molecular shape, bond
angles, bmrd lengrhs, number of bonds, polar molecules, bond strength, and stabiliry of ihe
nolecules) that is explained by the distribulion of electron pairs around the cenral atom,
overlappirg atomic orbitals, and hybridjzation. Ar the Senior High School level, the
conesponding cufficulum includes:1he octet rule and ils application ro explarn the stabiijty
of nob,e gases, covalenl bondinS and coordinate covalent bonding, the amount of bonds,
polar covalenl bonds, rnd rhe properties of covalent compounds. Because misconceprions
are consislenl and resinrnr (D.iver, 1989: Duit & Treagust. 1998; Ibnu, 1989i Taber,

Journal o[Rclearch in stt(,t, ]ik:ltinu
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FACTORS CONTRIBUTINC TO STUDENTS' MISCONCEPIIONS 5]5

2009), every aspect was assessed by more rhan one quesrion (e.g., one main quesrion and
two or mor€ addirional questions) depending on the complexity of fie ropic. Additional
quesrions aimed ai derermining the narur€-rhe consisrency of students, ."ipor""" n, nor.
of the answer of main quesrion. This was done to discriminate between misconceprions
and_ lack of undcrstanding, according to repons by Brandrier and Brerz (2014), D;nnin8
(201l), and Chi and Roscoe (2002).

CMIST validiry was determined bycontent vaiidarion by three chemistry professors from rhe
StateUniversity ofMaiang. Oncetheconsidetarion prccess was complere, th;aMlSTwas revised
until all the test irems werc declared vatid.Irs rcliabitiry was 0.65, a: determined by rhe momenr
product conelarion analysis (Arikunto. t998) afrer jt trying ir out on 40 equivaleni background
$udents from the depanmenr of Chemicat Education with rhe test+erest meihod. Thus. il is valid
,nd consistenl enough to identify the same misconceprions in a student when used ar differenr
dme.

CMIST can only determire srudenB expenencing misconceptions or not, brir it does nor
Fovide informarion on the cause of misconceptions and sources. Inrerviews using a guide of
questions ro dcrermine pre.onceptions abour essenrial basic conceprs (e.g., etectron cJnfig'urarion,
rctet rule, valence elecrron, elc.) were used ro understand rhe covatent bond_

.To idenrify lhc cause of rhe misconceprions, inlerviews were conducted following set
guidelines. The sel interview guidetines consisrs oftwo packages ofopen-endea questionsiTtre
irst packaSe consisrs of 12 sjmilar quesrions (Table 52) for 8 types;f molecule; ifl which rhe
rertral atom do€s or does not satisfy rhe ocrer rule (e.g., Fr, Or, and CCIa for the formet pcl5 and
SF6 for the latter). These questions can reveal how rhe srudents undersland the basic concepts
ssociated virh covalent bonds, includiog the consisrency of the answer thar rrigge;ed

misconc€ptions. The second package consists oftwo quesrions abour rhe reference Uoots u'ia tn
he covalent study and rhe studenr writes during class. All items in ihe intervrew guides were
validated by rhrce expens on chemical educadon.

Data collectio, was carried our in tfu€e stages. First, student misconceprions were identified
using the CMIST. Sccond, the level of student misconceptions was determined bas€d on the
rumber and patlem of misconceptions; I 0 panicipants who experienced rh€ most misconceptions
)wing to a lack of understanding ofbasic concepts andaspeclsofcovalenrbonding were identified
Iorsubsequent interview. They werc notchosen to represent all srudents with mis;onceptiofls, but
iorahe purpose ofidentifying the sources ofthese misconceptions. Before the interview, meerings
r/ere conducted with the prospective interviewees ro obtain permission for the interview and ro
focess the permit (access)ofthe University authorities (i.e., headofthestudy program anddean).
Ihe students werc asked ro bring relevant do€uments, namelyl a reference books used in thc
,ludy of covalent bonds (college rexrbooks, Senior High Schoot t€xtbooks, and fie nores the
student wrote during class). The rime and place of the interview and rhe rime ro rerum the
documents were alsodet€rmined. The int€rview focused on basic conceprs required to und€rsrand

t'onds, using rh€ 6rst package ofquestions. Then the second package of
lsked abour rhe r€feren
lderence materials or
lrudy howcovalcntand
I

ce books used by srudent and rhe noles h€y'she took during class. Finally.
texttrooks including lecrurc nores of student leaming we.e review€d ro
related topjcs were presenred

Data obrained from the CMISTwas Uocessed usjng conrent analysis. through three srages,
lamely: (i) derermination of sludents' conceptions status ai every aspect of covalenr bonds

Jaunalol Relea\h in S.ience T.a.hinl
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(misconception or nor)i (ii) derennination of the paltems of misconceplions al every aspecl ol

covalenr bondsi and (iii) calcularion ofpercentage of studenls with misconceptions. MisconceP
uons were determined by che€king the answers and reasons provided by lhe studenc and by
analyzing the consisrency ofanswers and reasons, which were connrmed in lhc interviews (Ibnu.

1989). The panerns of misconceplions were determined by analyzing the answers and rcasons

given by the srudenrs. The percenlage of students wifi misconceptions was calculated by
comparing the numberol studenls with misconceptionstothe total numberofpanicipanls loreach
pa(em. Answers and reasons that were nol consistent were not considered lo be misconceplions
(naive idea or incorrect answer) (Chi & Roscoe, 2002; Dunning. 201l) and were nol processed

further. The dala analys is prccedure is schematically illustrated in Table L

Deternination oI Misconception Status UsinS Content AnalJsis

Interviews were carried ou( to obtain information about students' conceptrons of€ovalenl
bondsand related topics. Conienl analysjs was used to analyze each sublopic covalent bonds and

related topic (essentiai basic concepts) presentation in the t€xtboolc/handbooks of sludenls

leaming. The rcsuhs of interviews and textbooks rcview were used lo addrcss causes of

Results

In tbis section, $ree main rcsults of the res€arch questions will tle discusscd. First, the

students' misconceprions at each subtopic covalent bonds and the students' percenlagc at cach

misconcepiion. Second, rhe Iist of cssential basic concepts rEquir€d to leam aboul covalcot bond!
and lhe percenrage of srudents who have trouble undershnding each basic concept. Finally, lhe

textbook source of miscomcptions,

Students Miconceptions ol Covale Bonds

Based on rhe analysis of rhe answers and rssons provided by the stud.nts on thc CMIST,
students have misconceptions rcgarding all aspects of covalent bonds. Most misconceptioos wcre
relaled to th€ ocrct rule and molccule shape, with 77% of studeots experiencc misconceplions
related to these topics, whil€ only 36% of students had misconceptions related tomoleculardipolc
momenl (seeFigure l).

Studelts' misconception statements in €very subtopic regarding covalent bonding are sho]vn

inTable2.

Students Mkconc?ptions oJ Uatiour Topks ReLated to Cowlent Bonds

Students with misconceptions gave consistent answers and reasons on the CMIST. For

Qucstion I i th. boids contained in Oe molecules Hr, Clr. and HF are
Answ.r I : covalcntbonds
ABumcnr I bond.d aroms us. eruring ftE eletion pa6

Student answers and arguments on question I on the undersEnding ofcovalent boods w.r€
consistent with those ofquesrion I7 on the definition of coordinare covalent bonds ('"fhe bond
b€tw€en thc B and N atoms in BF1.NH3 is...") and questions 18, 19, and 20on bond number ('fic
numb€r of bonds b€tween Br atoms in Br2 molecule is ...", "Th€ number of bonds betwccn O
atoms in O, molecule is...", and "The amount of the bond betwe€n N aron in the moleculc Nr, k

l
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Table I
D.terni&tion ol tuisconception status Bing contenl a@tysis
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..."). Slud€nts give rhe righi answerlo $e wrong reasons because it involves a free electron. The
concept offrce el€ctrons is also used in thequ€stion 17 (because ihe N atom provides a pairoff.€e
electrons), and questions I8, 19, and 20 (for Br atom using a pair offr€€ elcctrons, O atorhs using
two pairs of free elec(rons, and N atoms using thr€e pairs offree elecrons, resr€ctively). Through
the inrerview (quesrion 7) stud€nts failed to correctly count the number of free elcctron pairs and

the numberofeleclrons jn lh€ bond in rh€ 8 moleculesprovided. All respondems indicated that th€

rable2
Studen,s tniscon eptions of various topics Elated to cowleat bonds

Covalenl aording Subrop'cs

Dipole mom.nl of moleculc

l) A covalent bond h established between rwo atoms thar use a

pair or more pairs of free electrons.
2) lfa pairoftiee eleclrons is donated by only one of arons which

are biDding to each orher, covalenr c@rdination will occur.
3) Each atom in a stable molecule must obey the octer rule,

particulady for the aromic cenrer ol nolecul.s.
.1) A covalent bond will be polarized il $e electron af,lnities of

bolh atoms are different.
5) Molecular shape depends on the amount of atoms rhat are

bound to the cenral atom of $e molecule
6) A nonpolar nolecule has amom€nt dipole 4 > 0, ifthc positive

and ne8alive sp€cim€ns m separated ar a panicula, distance.
but a pold moleule has moment dipole p =0 if the positiv.
ard negative sp€ciinens arc nol sepualed.

7) Allbonds in a polar moleule arc polar if rh.y @cur ir (hc sam.
diMtion, and all bonds in a noopole moleulc ar. nonpold.

8) TI|e number of bond of a mol@ul. dcp.nds on ns
electron.gadvity. Double bonding will occur if both aroms have
the eme eleronegadvny value and single bo.dint will @cur
if both abms have ditrerent electron.Sativiry.

9) Bond length dep€nds on the bondinS typ. of molecule

Jou ol ol Res.aah ir S.i.r.. T.dchin.
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IiACIORS CONTRIBUTINC TO STUDENTS' MISCON(]FPIIONS 5:9

lecturer neverexpiained the pairs ofbonding electron and pair! ot lree elecrron, bur only descnbes
eleckon paj. Students could not distinguish ire€ and bonding elecrrons pairs because rextbooks
and leclurers donot provide adequate inlbrma(ion offree and bondingelecrron pairsi rhe mareriats
only slate that there are pairs ofelectrons.

Essential Rasic Concepts That Are Difrcuh to Understand

Based on srudent misconceptions dala, a number of basic conceprs that are essential fbr
underslanding covalenl bonds were identified. An understanding ofbasic concepts is gained by
s(udents in high school. The in&rview results clarined misconceprions rhar occur in college
students based on the inability ro understand basic conceprs (pleas€ seeTables 3 and 4).

E$sential Basic Concepts Required to Understand Covalent BondinS

Sludents with misconceptions can writc rhe eledron configurations ofsimpte and complex
molecules. Only about 20% ofstudenrs had difficultywriting elecrron confgurations. However,
al most all of the studedb had trouble writing the octet rul€ or Lewis fomulas.

The percenrage ofsrudents who have diffculty undersranding basic concepts, from diaromic
to six bonding pairs mol€cules- Such ess€ntial basic concepb generally have beelt srudied in
Senior High School and some have leamed in rhe basic chcmistry college in rhe firsl s€mester at
universiries in accordance chemistry curiculum in Indon€sia.

The Tettbook! Sources ol Misconceprions

Misconceptions occur when students arc could construct concepts. but the information they
receive in the classroom or from textbookvrEference books is nor perfect or contains orher
misconceptions (Navarro,2014). Four textbooks (see Table 5) are used by sludenrs in rh€
university to leam covalent bondsi (i) Balai Pustaka Depanmenl of Educalion, Chemistry for
SeniorHigh School by Firman and Liliasari (1996) (BP);(ii) PL Remaj a Rosdakarya, Chemistry
for Senior High School by Poppy K.D., Rismiati, Farida, Sunarya, Mapati S., and Tati Setiawari
(RR); (iii) PL Tiga SeranSkai, Chemistry for Senior High School (TS); and (iv) m. Pabelan,
Chemistry for SeniorHigh School by Sajimanto (PB). All these four are reference books intended
for Senior High School studen6, and arc still us€d by the respondents to srudy chemistry ar $e
Universiry. None of the rcspondents indicated using a university-level chemistry book during rhe

Tabl.3
Essehtial bdsic concepts lequind to @dentand covalent bondinS

Misconceprions aboul Ess€ndal conccpE $at arE difiicult ro undentand

Cov.l.m bond and coordinarc FE electron pairs, bonding elcctlon paiB. bond types, valcnce electrons
irvolved in bond formarion

Valence elcctrons. free and bonding eloctron pai6, atomic cenler, bond

Bonding elcclron pair position, nonbonding elec(on pair in Lewis
smrcNr€ of a molecule

Bondingcleclroll pair, nonbondi4 clccrrcn pair of a nol.cul€ including
their Epukion fo.ccs, VESPER lhcory

Mol@ulc shaF, bondiDg poldization, ard bonding nomc.t dnection
Molecul€ shsF, boding polarization, ard dipole momenr
Free ele€tron pairs, bonding electron pairs, Lewis molecule erucrurc,

Frce electron pairs, bonding €lcctron pats, bonding typ.s, elcctrcn
esonance, and phi electron delo.alizarion

Bonding polarity

Bord l.ngth
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Tabl.5
T.,tbook os soutc.s oJ stud.nt nitcoac.ptions rcEodins cowL bondins

Covalenr Bonding
Subtopics Misconcepdon ShtemenB

Bond lenerh

Covalent bondinS is csrablished b€lwen lwo atoms fial use a pair or
more of free electrons.

Ua pair oi fre. clatrons is only donated by on€ of the atoms which de
binding ro cach other, a covalenl coordinalc bond will occur.

Each arom in a srablc molecule must obcy fic octet rule, panicularly
for the aromic cctrter of molecules.

A covalert bond will b. poluiz.d if the elcclron affiriries of both
aloms which arc bonding to each othcr arc diflcrcrt.

Molecule shapc dcpcnds on th€ anou of aroms th8l e bound to the
cenl.al atoD of thc molcculc.

A Donpolar ool@ul€ has a moment dipolc p > 0, bccaus. the positive
and ncgativc sFcim.ns are sepmted .i a pdicular distance, but a
polar molecul. has moment dipole p = 0 beNsc ric positive arld
negative sp€cim€ns are nol sep{atcd.

Al1 bonds in a polar molecule lhat dc in thc $mc direction ar. polar,
lnd all boDds in a noryolar molaule arc nonpolar.

The bond numbd of a molc.ule depends on lhe .leton.Sativity of the
atoms. Double bondint will occur if borh atoms haE thc sde
electronegativity valu. and sirgle bondinS willoccur if bolh atoms
have difrercnt cl@trcn.8ativity.

Bond lenSth d€pcnds on thc bonding tyF of molccule.

BP, RR,
TS, PB
Explicit

Bond polarily

BP, RR,
TS, PB
BR RR,

PR

TS

BR RR

BP, RR

BP, TS,
PB

Explicir
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FACTORS CONTRIAUTINC TO STUDENTS' MISCONCEI"]IONS

interviews. Therr reasons for using Senior High Schoot books ae rhar fie marerials srudied in
college is almost the same, and rhere is no available universiry books written in Indonesian.
Inde€d, all university'1ev€l general ch€misrry texrbooks in rhe library are wrirren in Engtish. w h ich
isdif6cult forthe students tounderstand.

Textbooks as Sources oJ Student Mkconceptions ReSardinB Covate ao inp

Misconception l. A colalenl bond is formed when rwo atoms share one or more pairs of frce

BP. RR, and TS book explain thar a covalenr bonding is formed \,r'hen two aroms share
electrons. PB book explains rhat acoval€nt bond is abondbetw€en atoms with unpaired elecrrons_
The explanations in BP, RR, and TS books are oorcomplete because ir does norsbow rhe bondinB
electrons and free electrons. Sjmila.ly, PB book uses tbe rerm bonding electron force berween
atoms without anexplanation.

Misconception 2. Each arom in a stable molecule meets the octet tule, especialiy rhe central

Four refcrenc€ books (Bq RR, TS, and PB) explained thar fie ocret configuration of ourer
shcll elcctrons of an arom is requir€d to become stable. The books did nor disctose rhat some
of the atoms can be stabilized by rheir ourer elecion configurations less than octet (e.g.. Be in
Beclr, and more than octet (e.g.. P in PCl5, and S in SF6). h seems that studenrs rake rhe
explanation in the books as a tnre statemenr and apply it to all molecules. In Senior High
School chcmistry curriculum in Indonesia, the octet rule and Lewis srucrures are subtopics of
chemical bonding used to explain the srability of atoms formi0S a covalent bond, especially
with regaiC to the central atom, the number of covalent bonds can b€ formed, and the
properties of covalent compounds. UniveNities in the mjddle of Indonesia also use the ocrer
rule and Lewis structures in explaining the covalenr bonds and aspecrs of covatent bonding,
even though this topic overlaps with the atomic strucrure of marte. If rhe lecru.er and rhe
author of the reference books are not c.ieful when explaining the use of the octet rule in the
process of forming a covalent bond, student misconceprions may ensue.

Misconception 3. Polat covalent bonds form ifrheatoms have different electron affinities.
Four relerence books (BP. RR, TS, and PB) explained the concepr of elecrron affrnity and

electronegativity clearly, and also explained thar the shared eleckon pair is ctoser to the more
eleclronegative atom. However, in some examples of Lewis molecular formulas, the shared
electron pajrs lay in the middle between the two atoms (BP, RR, and PB), and the bonding pair
is placed closer to the more e]€ctropositive atoms (TS). Some €xplanarions with images were
out of sync wilh each other or even showed conflicting informadon. In Indonesian chemisky
cuniculum, fie polarity of lhe bond is one of rhe aspecrs of chemical bonds rhar are used ro
describc the propenies ofcovalent compounds, pa(icularly potar molecules.

Misconception 4. Molecnla. shape depends on ihe number of aroms bonded to the cenlrat

BP explained that repulsion between electrons can be used to predicr the molecutar
struclure bas€d olt rhe number of electrons in the ourer shell of rhe centml atom, which gives
the impression tha! rhe number of aroms bonded ro the cenlrat atom determines rhe shape of
the molecule b€cause it is associared with the numb€r of bonding .lecron pairs. Covalent
molecular shape is used to describc rhe geomeFy of covalent bonds and proprties of covalenr
molecules (molecular polarity).

t, ,tNtl ol Retearch in Science Teachi,s



M i!(nn1ption 5 Nonpolar molecu les have dipol€ momenl /r > 0 because the posil ive and

negarive charges rre separated by ! cenain disrance, while polarmolecules have a dipole momenr

4 = 0 when the posir iv€ and negalive charges are not separaled.

BP, RR. and TS explain rhe dipole moment as th€ product of fie dismn€e (d) separating

charges of equal ,nagnirude and opposite sigo and th€ magnilude of the charge (q), the greater

price of rhe dipole momenl, the mor€ polar the molecule. The explanatiol was malhematically

inclined and less practical, so students understand the momenl dipole ofpayload and distance.

Dipole moment was not described in PB. Dipole mom€nt is used to explain the properties of
covalenr molecules-

Misconception 6. AII bonds in polar molecules are polarized and all bonds in nonpolar

molecules are not polarized.
Polar molecules in BP are discussed along with bolld polarity before molecule shap€ is

described, while TS describ€s $e polanty of molecules in lerms of bond Polarity and diPole

momenr. In PB, molecu lar pol.riry is described in lerms of the differ€nces berween atoms The

above explanalion gives the impression thal the polarily of the molecules is only deP€ndent on thc

polarity of rhe bond. Bond polarili is used lo explain the propenies of covalenl molecule
( molecular polarity).

Misconception Z The number of bonds depends on the electroflegatjvity of the atoms

involved in rhe bond.lftheatoms havethesameelectronegativily,doublebondsoccur
Conversely. if atoms have different electronegativity, a single bond will occur. All textbooks

clearty explained the concept of bond number. The misconceptiofl was caused by a lack of
understanding frce and bonding electron pairs, Lewis structures, and the o€tet rule. Thenumberof
bonds is used to explain the prop€nies of covalent molecules.

M kconception L Bondlength depends on the bonding lype of molecule-
All books and reference materials, including leacherexplanations in studeots' nolebooks. did

nor erplain ihe €oncept of bond length. The lack ofunderstanding ofbasic concepts, such as free

electron pairs, bonding electron pairs, Lewis stmctures, and molecule shape led to misconceptions
regarding bond length. Bond length is usedtoexplain the geometry of€ovalent molecul€s.

Misconccptions experienced by students are geoenlly related to the basic concepls (e.8.,

pats of free electrons, the distribution of electron pairs around the cenEal atom in terms of the

octetrule, el€ctronegativity of atoms that form tbe bond) that are usedtounderstandthecooceplof
covalent bonds and propertjes of covalenl compounds. In Senior High Schools in lndonesia, the

slability ofthe molecule and the properties of covalent compounds are still explained in terms of
the octet rule- They are not discussed using th€ theory of distriburing pairs ofelectrons amund the

centralatom, atomic orbilal overlap. and hybridization; all ofwhich arc wideiy used inu versity

books to explain the geometry of covalent bonds (rholccular shap, bond angles. srength of
covalenr bonding, molecular polarity, the amount of thc bond, the bond lengtlt, and the stabi lily of

Discussron

Studenrs in college have eighr primary misconccptions in almost all subiopics related
ro covalent bonds (Table 3). The eighth of sludent's misconceplrons pattems have difrerent
in borh pattem and causes with students' misconceptions thal are often idcntjfcd by
chemistry education researchers in various countries. Misconceptions regarding $e- o.tet
rulc. pohr bonding, molecular shape, and molecular polarity were described by Ozmen
(200.1) based on a survey of literature. but differenl patterns were observed. Specifically.

hrt)tttl ,l R(varch in kience Teachin|
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the polarity of bonds was thought to b€ affecred by the valence electrons (Ozmen. 2Ot)4),
whereas in ihis srudy. bond polarity was rhought ro depend on the elecrron affinity of
bonded atoms. Differences in rhe pattern of rhese misconceptions show ihar misconcep-
tions can vary between studenrs from different Iocations.

The main cause of misconceptions in srudents is incomptete information from three
sourc€s (rexrbooks, students, Iecrure). First, rextbooks arc used in high school conrain
incomplele information. Clearly, some reference book (see Table 5) contain incomplete
informarion and are likely ro confuse srudents (Devetak, Vogrine, & GtazaL ZOO7). lo
CMIST, students can distinguish covalent bonds from others rypes of bonds, including
coordinare covalent bonding, in terms of shared of eleckon pairs donaled by rhe bonded
atoms. However, they believe thar rhe electron pair shared by the bonded atoms consjsts of
two free electrons (Misconceprions l). The reference books used by the srudeflrs for
learning do nor conrain information about free electron pair and bonding etectron parr.
Consequenrly, students buih their own atte ative concepr by integraring rhe concepi of a
covalenl bond with a pair of free electrons due to the limited information. In addition.
unclear language makes basic conceprs difficulr to access by beginners (cilbert, 2003;
Taber,2003), and some images are difficuh ro interpret (Nyachwaya & Wood, 2Ol4).
Thus, explanations in reference books conrribute to misconceplions in srudents.

Bascd on the intefiiews, students generally have (ouble understanding basic conceprs
needed to comprehend covalenr booding material. Misconceptions found in this study are
generally associated with the basic conccpts acquired by rhe students during SeniorHigh School,
and SeniorHigh School textbook are still used at the university. The process ofconceprualization
ir thecogniiive sEucture of the studenrs ro €stablish the concept involves only limited information
from both from Senior High School rcxrbooks and t-ecturer's explanation.

Miscooceptions rEgarding covalcnt bonds can be caused by dimculties in understand-
ing or misconceptions of essenrial basic conc€pts (Calik & Ayas,2005; Gudyanga &
Madarnbi. 2014; Krishnan & Howe, 1994). According to Orimth and preston (t992), an
uoderstanding of basic conceprs is the foundarion for undersranding rclated concepts.
Incomplete information from refcrence books afld lectures can cause misconceptions
(Pererson & Treagust, 1989). According to Navarro (2014), adaptations to rhe real
experi€nce are necessary to fioalize the constructed concept, in order to minimjze lhe
uncertainty of rhese concepts and achieve the level of coNciousness. This did nor happen
to the students studied here, because they were sritt using rhe Senior High School
textbooks from which they leamed these concepls, and rhe Univ€rsny lectures tend to onty
explain the aspects of rhe topic that are idenlical to what they already leamed.

tastly. based on lhe review of $e students' notes, facutty do nor provide complete
information through effecdve communication aboutcovalent bonds and related conceprs. Lecrure
explanations in student notebooks do nor overcome rhe confusion and cottege students tend ro
follow the information in their reference book. Consequenrly, studentreceivegood information on
covalent bonding while their understandinS ofbasic conceprs is incomplete and rhey create their
own undersrandi ng ofthe mjsconceptions.

The resuhs of this study showed that college srudeflts have misconceptions because of their
rcference materials and ineffective communicalion. The studenrs. slatements aboufiheir sources
during lhe interview were validated firough analysis of the books and notes. Their l€arning
environmentcontainednosourcesapan from the refereoce books and lecrures.

Lecturers should first identjfy preconceprions regarding rhe materialto be studied as weltas
supponing marerials or basic concepts. ln thecaseofcovalenrbonding, reachersmust 6rst identili
stud€nt preconceplions about the electron structure of atoms, molecules, electmnega(ivity.
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electron afliniry, and orher related basic concepts. ln addilion, teachers need to idenlify the

rexrbooks thal were used previously by sludenls toevaluate students'undeNtanding ofcovalcnl
bonds. lfpotential misconceptioff are idenli6ed in reference books,lhe teacher needs to corecl
llle misconceprions. Some straregies rhat havebeen developedbych.mistryeducadon researchers

include usinS concrele models, using teaching with analogy (TWA). and the use of technology,
such as rhe software to visualize covalcntbonds.

Factors rhat cause college srud€nts lo have misconceptions wcre assessed using refercnce

books wirh a main focus on the presentation of basic conccpts and covalent bonding. TeachcE a!
$ecaus€ofmisconceptions were onlyevaluated in lerms of leclurc notes from l0 students wilhoul
cooducring inrerviews with the lecturers themselves. The abstract thinking ability of stud€nts with
misconceplions was not determincd. Funherwork is requir€d to Sain morc complele faclors that

cause college students to have mis€onception.
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