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ABSTRACT

This work assessed alternali1·c conceptions ofseco11dmy schools 1·111dc11/s on rhc

concepts of a/0111 in J\1i1111Ct. SurnT research design ,d1ich 11wrl 1"/11(/c111.1

A1isconception Inventor¡· 011 the Concepts of 1//0111 as i11sI1w11e11I /ár d,11,1

collecrion was adopted .for the studv. The results o.f the stud¡: showed 1/w1

seconda1y schools chemistrv st11dc111., hold alternative conception 011 the

concept., in rhe area of alomic nwnher, atomic mass nwnher, isoto¡,es,
electronic cm¡figurarion and /msic particles ofmatrer. It was co11c/11ded t/1(// the

·alternative conccptions ,vcre 111ostlr school made probabzv due ro teaching

srrategies. ft is rccon1111e11ded among others that /eachers sho11/d ,·mplwsise
eve,y aspect ofa topic during i11srn1ctio11.
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CHAPTER ONE

INTRODUCTION

I.I Background of the Study

Sharma and Shenna (2004) described chemistry as the branch of physical

science which stuclic:s the structurc.,1nd composition of materials ,is well as the

changes in structure: and cornpusitiu11 which these materials undergo. Chern 1st 1,

is chiefly conccrm;d with atom anel their interaction with other atom, l'or

example, the properties of chemical bond formed between atoms to create

chemical compounds such as oxides. carbonates e.LC.

THere had been several reports on why secondary school student have low

performance in chemistry, One of such reports is misconception of students

about chemistry concepts. A misconception usually results from inconect

thinking or flawed understanding; faulty teaching styles; and due to distancing

nature of true scientific texts.

Johnstone (2006) stated that many chemistry

structures, bonding and related properties of s,ubstanccs and often not intuitive

or able to be easily understood by students. Johnstone (2006) furtl;cr stated that

due to this abstract nature of chcmist1y, misconception of chemical concepts

arose and become one of the major barriers to conceptual understanding of



chemistry. This study 1s on misconception of secondary schools student-; in

chemistry.

1.2 Theoretical Framework

Theories arc for111ulatcd to explain, predict and understand phenomenon and in

many cases lo challenge and extent existing knowledge within the li1111t of the

critical assumptions. The theoretical fra111e work is the structure th;1t can hole! or

support a theory ofa research stud:/. The theoretical frame works intrncluccs anel

describe the theories which explain why the research problem under study

exists. The theory of constructivism 1s used to explain miscnnccption 111

chemistry. This research \vork tends to survey the misconception held by

students in chemistry. Thus, constructivism is the theoretical framework of this

study.

1.3 Statement of the Problem

Students' low performance in chemistry at senior secondary level 1s a major

problem and the low performance is believed to be centred on misconception oi'

some aspects of chemistry hold by students (Ayas and O'zmen, 2003 ). One of

such aspect in particular is the pro?ertics of atoms. The major factors that have

been identified to be responsible for those misconceptions arc: improper

exposure to laboratory activities; poor method of instruction; lack of



organisational skills; and inadequate exposure tú problem solving procedures

(Treagust, 2003 ). These studiGs thc1·cforc tend to survey misconceptions hold hy

secondary schools chemistry students on concepts of atoms in Minna.

1.4 Objectives of the Study

The objective of the study was to línd out the type of misconception held by

senior secondary schools chemistry students on the concepts of atom.

1.5 Research Question

The following research question guickcl this study:

What are the misconceptions held hy ,cnior school students about concept 01·

atoms?

1.6 Significance of the Study

This study is significant in the following ways:

• It will help teachers in planning of their instructions of cli ffcrcnt

concepts by providing them· with information on the areas where

more attention is needed for better understanding.

• Authors of textbooks will find the study useful in their presentation

of the subject matter involving concepts of atoms in a way that will

facilitate easier understanding of the concepts.

3



1.7 Basic Assumption

The study assumed that the students have equal exposure to the s,m1c curri(,ulu111

since they arc being thought by government trained teacher that arc being

employed by the same government.

1.8 Scope of the Study

The scope of the study includes all senior secondary school students in the study

school but was del imitated to senior secondary year two (SS 11) students. r·he

study was to cover secondary schools in Minna but was delimited to only lc)ur·

(4) Governments owned schools in ivlinna. The SS li students_ were chosen

because at this level, the students have been adequately exposed to these

concepts in their SS I

4



CIIAPTERTWO

REVIEW OF RELATED LITERATURE

2.1 Introduction

Students' misconceptions before and after instruction have bt:come 111ajur

concern among researchers in science education because they influence ho11·

students learn new scientific knowledge, play essential role in subsequent

learning of the students anel if not addressed tl1cy become hindrance in

acquiring the corrccl body of knowledge. This chapter is aimed at surveying the

type of misconception held by chemistry students at senior secondary school

level, in this chapter the literature review 1s organize under the following topics.

• Definition of chemistry.

• Definition of misconception in chemistry.

• Overview of similar st,1dies on misconceptions.

2.2 Definition of Chemistry

Chemistry has been described as a branch of physical science which studies the

strnctures, properties and changes in matter. Chemistry tends to focus on

properties of substances and interaction between different types of matter

(S?arma & Sham1a, 2004; Smith, 2002).

Tai and Salder (2007) described chemistry as central science subject because it

connects other sciences taught in schools. They further stated that the teaching

5



of chemistry in secondary schools helps students to understand the world around

them and how things work.

Tai and Ward (2006) stated that chemistry as a field or physical science

influences the interest of people to 'learn more about the physical world anel the

changes matters undergo. Students learn about·how the knowlcclgc oi' chemistry

has developed and how the wmks oi'chc111ists interact with the society. Student,

also learn to communicate using the language and symbols or chemistry. for

example, writing chemical equations to represent chemical reactions.

2.3
· Definition of Misconc<'ption

Campbell (20 l O) defined miswnccption as a conclusion that is wrong because it

is based on faulty reasoning or !acts that arc wrong about a concept.

Talac¡uer (2006) in terms of common sense explanatory framework explained

that students having misconception assume that:

• All component pmts of the world exist and develop independently of the

observer.

• Things are as they perceived.

• Something exists only ifit can be sense.

• Objects and materials tend to waste in natural states (normally stationary

and inert) and that only their abnormal properties and behaviour rec¡uirc

6



explanations. These explanations should be based on analysis or

perceptible reatures.

Barke and· Roelleke (2007) divided misconception into two categories na111cl,

alternative conception/original conception/preconception and school made

misconceptions. They described al tern ative/o ri gi na\ .iprcconccpt i < 111

misconception as ideas that arc dc\'.c\opcd without having any prior knowledge

oftl1e subject while school made 111isconccption arc due to faulty teachi_ng style,

or due to distancing nature or true scicntilic texts.

Campbell (2010) on the other hand, divided misconceptions into live basic

categories:

• Preconceived notion.

• Non-scientific beliefs

• Conceptual misunderstanding

• Vernacular misconception.

• Factual misconception

2.4 Overview of Studies on Misconception

Previous studies have revealed that students hold misc?nception in

chemistry. According to Voska (2000), the term misconception has been

conceived as conceptual and propositional knowledge that is inconsistent

7



with or different from the commonly accepted scientific consensus. Stuclcnts
·

misconceptions arc therefore erroneous, fallacious or naive conception which

students hold.

Baker (2004) investigated student's u11dcrstudying of chemical bonding and

thermO('lynamics. The researcher lc1und that although basic ideas ,1lmul

covalent and hydrogen boding appear to be learned by a majority 01· students.

ions and ionic bonding continue to cause to cause difficulties. A study

reported by Nicolle (2001) des?rihccl the misconception rclatccl tu electmn

negativity, bonding, geometry, and niicroscopic rcprcscnu1tion that

undergraduate chemistry student ·s hold. According to results. whole students

may have appeared to know alwut the concept polarity but they did not

associate it at all with electro negati\ity.

· Another study conducted by Coll and Tylor (2001 ), aimed at misconceptions

o chemical bonding held by upper determining secondary ad tertiary students

at the end of study, sorne 20 misconception were revealed, the most common

being the belief that continuous ionic and metallic lattices were molecular in

nature and there was confusion over ionic size and charge.

Coll and Treagust (2001) investigated year 2 undergraduate and postgraduate

Australians student's mental models for chemical boding using semi



structured interviews comprising a three phase interview protocol. 111 tlw

study students

were presented with samples of metallic, ionic anel covalent substances. anel

• asked to describe lhe bonding in the substance. ln contrast. other studies

reveal that the 111cntal model or bonding becomes sophisticated and co111plc.,

models they were exposed to during· instruction (Coll and ·1 ylor, 2002. &

Coll anêl Trcagust, 2003). The students also struggle to use thci1· 111ctal model

to explain physical properties or covalently bounded substance,.

Finally, Adeso,ii and babatunck (21lllii) investigated gender clillícultie:; anel

misconception in inorganic chrmi,11·y at senior secondary le1cl. The result

shows that:

• Both male and female chemistry students held mi,conccption in

inorganic chemistry.

• Female students had more problem solving difficulties than their

male counterpart in inorganic chemistry.

• Female student held more misconception than their male

counterpart in inorganic chemistry.

9



Adesoji anel babatuncle (20W11 summarísccl tlH: rcsillts 01· their

investigation on concerts or utoms by Nigerian seconcL1r> sclrnol,;

chemistry students as l'ol!ows:

• Atoms can be seen with a microscope

• Atoms arc alive (because they move)

• Atoms arc like cells with mc111brane anel nucleus.

• Atoms can be reproduced after nuclei divide.

• Atoms have electrons circling them like ploncts around a star.

• A electron shell is like an eggshells or clamshells, thin i!ncl hard.

• The electron shell is there to protect the nucleus, like an eggshell

anel a yolk.

• The electros cloud is like droplets of \vater lhe cloud c:nntain the

electrons but is made or something else.

• The electron shell is a matrix of some kind of stuff with electrons

embcclclcd in it. ·

• Atoms "own" their electrons.

10



CHAPTER THREE

RESEARCH METHOD

3.1 Introduction

This chapter presents the methodology used in this study. T!ijs chapter i,

discussed under the following sub-heading.

• Research design

• Population ol'the study

• Sample and sampling procedure

• Instrumentation

• Dat? collection procedure

• Data analysis technique

3.2 Research Design

The design used for the study was survey design with questionnaire a,the

instrument.

3.3 Population of The study

The population of this study comprised of all the SS 11 secondary schools

ch.emistry students ii1 Minna.

11



3.4 Sampling and Sampling Procedure ·

Random sampling technique was used to select .,ample four schools and /JO

students (30 male and 30 female) from the schoob used f(lr the s(qdy. Table' .1.

below shows the four sampled schools used for the purpose or this ,;tudy.

Table 3.1: Nílmc of schools. nutnhcr illld distribution oi',tudcnts used 1,,r the stud,

School Male h:male I"otal

Government Seconclarv School_ Minna 15 ,??.,,?-
Marvam Baban!lida Ciirls Science ColkL'e. Minnd 15 ¡?

Day Secondary School, Maitumbi 10 5 15

Day Secondary School, Minna 10 s 15

3.5 Instrumentation

The research instrument used for the student was Student :-.-lisconception

Inventory Test on the concepts of atom (SMICA) which comprised of 7 item,

multiple- choice test. The questions covered areas of basic particles of atoms.

isotopes and mass number.

3.6 Procedure for Data Collection

The project students visited the schools and sought permission from the

principals of the schools to administer the test. Data was collected b1

administering the SMICA test item to SS II chemistry students in the study

12



schools and the test items were collected back frum the students i111111cd1alL·í:,

after the students responded. The students' responses were analysed to obtain

the level of students' misconceptions on the concepls of atom.

3.7 Techniques of Data Analysis

The dala collected was used lo answer lhe research question. Thl: responses of

students to SMIC1\ were scored baseei on th,: marking scheme. Simpk

percentage technique was used to analyse the elata collcctecl.

13



CHAPTER FOUR

DATA ANALYSIS, RESULTS ANO DISCUSSIO\'

4. 1 Analysis of Data

This study used survey research design and the study used Student,·

Misconception Inventory on the Concept of Atom (SMICAJ as instrument to

collect data. The students were given multiple choice test with thrc,c option ,1. h.

and c to choose correct option for a quc:-aion. The number or responses on each

option was counted and percentage responses were dctcrrnincd.

The result oi' the an,ilysis which i11rnlved percentage or the· cnrrcct and

distracters of the questions is show11 in the tablé bclo\1·

Table 4.1: Analysis of students' responses to SM IC:\ hy percentage

I SIN[ QUESTION

I. Which of these options represent ¡

pa1iicles of matter'J

- -- or,-,,?
í

'1/.,

JU.SPONSl·-S
-- -------

ª· Atom. ions and molecules ! 21. 7':·?

b. Electron, proton and ne?1tr;;-n--•¡· ·¡ 0.0°.,

c. Liquid. sol id and gas

2. Which of these options defines

atomic number'l

3,Sodium contains l l protons, 12

neutrons and l O electrons. \1/hich

of these values would be used to

write electronic configuration')

-------

ª· Number of protons in the atom

r· b. Number of electrons in atom , 46.6%

[ c.
Nu?nher_o?neutron

n the
aUllll I8--?-º?,?-

a. l 1

¡

5?.4nr)

b. 10

c. 12

450%

20.7%

25.9°.'o

4. Whic?- the following does not a. A=Z+ Neutron number 25.'lf>o

define atomic mass number7
.

r- b. A=¿ p + t N ---l-c??-9%

_l---c.-A= Z
¡-??c?tro1?numb:? ?rj?- _

14



's. I
Which of the following- pa;rs oi

I par11cles represents 1sotupcs,

I

I

?-\Calculate-the n;ass numl)?r o-fan_;
atom with atomic number of ¡ r, 1

I
16 electrons and 16 neutrons

'

I

.

-------

7. Which• or the following ¡;arti?l?s
·

arc atomic pm-ticks'!

,1. Atoms X and y with c..i-)_(/1¡,

no. of 17 and 18, mas:. IHI oi

??ar_id }X rc:spectívcly.

.

I

h. Atoms I' -11 -d-()-

-

?1-
. :

-

. ' J Wit l dtOilllC : 40.4?'0
number 17 and mass number I

of 3ó and ]8.
'

c. Atoms \1 and N ;,,;ith atomic
number 8 and 9, ncutrun

numb?r 8 and 10 rcspcclívcly
a. 16

- -

h. 32

c. 48

a. Proton. anírn;and-ci¿cti,111

h. Proton. -:,1tíon and electron

c. Proton, electron and neutron

Table 4.1 above indicates the rcspllihl'S uf the students to coJTccl :,nd d1stractcrs

options of each question. Qucstiun I !'or e.xarnplc only 2 I .7'Yo gr,1 the answer

coJTectly. The other option (b) & ( e I
forn1ecl the misconceptions of the students

with 10% and 68% respectively. The research question was answered using the

analyzed data in table II.

15



4.2 Research Result

The research result was obtained hy.c1nswcnng th.¡· 11

• .

· e u ow111g resl',,1-ch questH,n.

Research Quest ion: what arc th .

·

.
. .

.

e misrnnccptiQns held by sc1,1or secondary

school students about concept of alums·,

Table 4.2 presents the misconceptions held by th ·t l t. d' 1·1·• e s uc en s on I crcnt concepts

related to atoms (atomic number. clcctrnnic configuration. isotopes anel ato1;1ic

mass number.

Table 4.2: Summar?• of identified Misconceptions of Senior Secondan

Chemistry Students on Concepts of atoms
·

S!NfiiscoNÓ?PTION
HELD BY sn Di?:ú? ABOLTC0Nc1 Pr's oF/\ro:,1s

l. I Electron?p?Üton and -neutron ur liqu1d, solid and gas arc particle, of rnattc1

Iinstead 01'1011s and molecules ,1, pc11ticlcs of111,1iter atoms.

2. Number or elccm1;:;-??1llmbc1 oi n?uo-o;;--,;;- ,111-atom? usc(!t¿-Jcli? ?1\0?IC:

number, instead of number of proton only-.

3. Proton number o7 neutron number not elcciroo is--;:;;;cd to write ckctrornc

I configuration of ions
I

--- -- --- - ----- --- -

4.7 Sum of atomic n?in,bcr and neutro;;-;t!llber or sum of proton and neutron number

cannot be used to find atomic mass number

5. Difference? number or difference in neutron number makes two atoms lo
!

be isotopes.

6. Atomic number, neutron number, electron number or their sum is the mass even

when the atomic number differs.

7.
I Catio?s

and anions are ato??---
16
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P"
i. The above

I
?I

of sc11ior scconddr-.

?
I

f

table 4.2 summarized the misconception

cheinistry
students 011 thc concepts ()r atoms. The results it \\,I\ i,htaini.:d 1"ro111

the percentage response oi" the distraeters by the ,tlldents. Thu,. the r,dhming

.d ntified misconceptions in table 4.2 answer the re,carch questio11 of the study:I
e

.

, Electrons, prnttlll ,ind ncutrn11 ur liquid. solid anel gas are pani,·les oi" 111,i11c1

instead or ions and rnulcculcs as p,1rticks of m,1ttcr atoms.

, Number or ckctrnn or 11urnhcr u1· neutron in ,111

atomic number. instead or number ur proton only.

atom is u,ccl to delím:

, Proton number or neutron number not electron is used to write electronic

t
¡

í:

f
I

configuration or ions

• Sum of atomic number anel neutron number or sum of proton and neutron

number cannot be used to lind at()rnic ·mass number

• Difference in mass number or difference in neutron number rnal-:es two

atoms to be isotopes.

• Atomic number, neutron number, electron number or their surn is the mass

even when the atomic number differs.

• Cations and anions are atomic particles.

4.3 Discussion of the Result

The identified misconceptions must l1ave been developed due to:

!lit,

i. Common sense explanatory
frameworks where all components of the

world exist and develop independently.
For example, in most

introductory chemistry class, states matter is mentioned and that ions,

17
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?

íi.

atoms and molecules .. , _aie mention in n:lat"1011 to ,:lc1rn:nts ;111e.l

compounds indcpenclent of
.

- mmCT

School made, this is hCC'lL _. •
· ' isc. most of th .

-
, .ese concepts 111 :1st h:1ve hcc11

taught Ill SS! thcn:rure it'',, Is assumed that during tcachinµ certain

things were 1101 c111pinsis, ¡ ti
1

.

' .. _t:(' 1US, t lC 1171SCllllCCption ¡,j the· ,turicnh

were nut checked
I

I i\:a!!ust i()(J'l) f ,

1? - - or cx.1rnp e comc]Jh oi a1orni,:

nu111bcr. mass 11u111hcr anel isotopes.

The study prov-:d assertions of many researchers on miscu;1cep1ions o:·

chemistry students (Barke & Rocllclkc. 2007) T/\langucr, 2006 "iccolL 2001 i

The implication or this study is that it explains wh\' the contim;ous nbscr·iccl

failure of secondary school students in chemistry (Ayas & Ozman._ 2003). The

presence of misconceptions on conceptions of atoms would definitely have

effect on fue performance of students because not only that the concepts arc

tested but the understandings of other topics depend on the understanding oi"

these concepts.

18
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CHAPTER FIVE

SUMMARY, CONCLUSIO' N AND RFC.
- .OMl\1F:NDATIO:\S

Introduction

· ·

The'study survewcl tht: tv ª f
.

. . pe o misconceptions hei l b .. ,

.

.

e

Y
sl'.ntor scconddr\·

li chemistry students in i

.
.

·

· nrngan1c chcmistr_v. II·its chaptn ¡, discussed

under the following sub hcadinl!s...

• Summ,1ry

• Major 1"111ding

• Conclusion

• Recommendation

• Suggestion for further studies

5.2 Summary of the study

The purpose of this study was to find oút misconceptions of senior seconda1·y

school chémistry students on the concepts of atom. One research question was

asked. Four schools were randomly selected for the study. Sixty (60) students

were also randomly selected from the four schools. The topic selected for the

study was concepts of atom \vhich
·

form the basics of chemistry. The students'

misconceptions Inventory on the concepts of atom (SMICA) was
tl.1c

instrument

of the study. This consisted of 7 - test items test to collect the data that was

19



..

lysed
to answer the n:search quest1011. fhe SMIC•\ 11as admi1·islc1ccl by the

ana ·

.

.

t students in the four secondary schools. Onlv the science students takinQM?
.

?

•

trv and were present in the school at the time ul'thc project students·, isitchern1s . ,

h S·chools were used.tot e·

The collected data as SMJCt\ respunsés of the stuclcnts were

finding pcfcentagc response or each options or the test items.

5.3 Major Findings

?rn;!ly?c{i b\

• Electrons. prnton and neutron or liquid. solid and gas ar\? panicks tif ;rn1ttc:

instead or ions and molccuks as p,1rticlcs of matter atoms.

• Number or electron or number,,!' 1wu1mn in an ,11<1m is used 1,:, dd1ne ,tlomic

number, instead or number ul'prni,HI only.

• Proton number or ncutrnn number not electron is used to ,.,rite electronic

configuration of ions

• Sum of atomic number and neutron number or sum of proton and neutron

number cannot be used to fínd atomic mass number

• Difference in mass number or difference in neutron number make, two atoms

to be isotopes.

• Atomic number, neutron number, cléctron number or their sum is the mass

even when the atomic number differs.

• Cations and anions arc atomic particles.
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5,4
conclusion

Based on the lindings oi' this studv it .,
.

. Cdll be COile I uclcd th·,1t s· s·· 11 Ie 1c111ist1·v

Students hold misco11cc1)tio11s 1)11 ¡¡1•·
· e c11nccpls of al\,rns as Slll17l;lill'ÍSCci Ill the

major findings of the study (sec section 5.3)

S.5 Recommendations

Considering thL· findings ol'this study, it was recommended that:

I. The lc\lc\ oi' misconception on the concepts oi' atoms is high, This 1:-. an

indication that the students lack h;1sics oi' chemistry concepts ·¡ lws. there is

the need to teach these concepts well in senior secondary sch1,ols.

2. Chemistry students hold rnisco;1cc¡,1inns in all the concepts of atom. There

is need to use varieties or tec1cl11ng rncth<ids and instruc1iornil :na1criais to

facilitate the teaching and learning process of concepts of a1,,111. noting lhe

causes of misconceptions in chemistry.
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