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Stmdent @jad impil difficulties relating to the <awaii^ativ@ 
iia%®rpretati©a of laicroscopic procsssss ^hich take plaoe in
operating electrochemical cells were determined. The subjects 
were studying electrochemistry at either high school, college
of ediucation  ̂r University. The investigation followed a 
s-b<age process which involved the identification of 
misconceptions, further inquiry into the nature and possible 
«ia,uses of these as well as the development and evisluation of 
a teaching method aim«d at alleviating the identified 
problems

The interview and the pencil and paper methods were employed 
to elicit the mlsuDdex'Standings and simpl® experiments 
provided rhe focus of discussion. From the relatively broad 
base of the initial stages in which open-ended questions were 
used, the problem areas narrowed progressively as the stud 
difficulties became clarified. The tape recorded interviews 
as well as the responses from the pencil and paper test were 
analysed for apparent laisconceptions. Four areas emerged as 
problemati? among the majority of the subjects. The apparent 
misconceptions discovered from the tape records of the
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disctission and from the per,cil a»id papsr test were used as a 
basis f#r ®»®st3’UctiB.g questi©imaires* The predpminaiit 
a4ao©aoei>tioBLS dis©©vered through the interviews and 
g«h#t&mtta.ted tli±*Gugh questionnaires are described. Factors
which «aa oontribiits to f^stsi?lng the iBisconceptions are

/ ''''
als© discussed.
•'.’1[i
On the bagis of knowledge gained from the interviews aiid the

V . q\2(f!stloanaires, an instructional method aimed at correcting
the Biisuader^*.Endings was designed. The constructivist model
of learning as well as past experience in teaching the topic 
gnided the design of this teaching method. Tlie teaching( ■■
aiati&rial developed cpj^tprised a set of notes for the students 
and Instructors notes. In the ijqrpiementation of ivhe strategy, 
students in the experisaental aff̂ T̂  , ■ >ol groups as well 
as the instructors received ” ,f r-ot.ws. In ad(|ition, to 
the student notes, the instructors for the experimental 
groups received the instructors notes which guided them on 
how to address the student misunderstandings. Both the 
ex'^erimental and control groups were pretested on their pre­
requisite knowledge. The subjects also wrote a jpost-test to 
determine how successful tl:e designed teaching method waî .
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The data obtained was evaluated statistically. The success of 
the developed teaching method in addressing specific 
misconceptions is discussed.



CHAPTER 1 

INTRODUCTION

1 . 1   aifi1̂ 93Eig§Ll

The last two decades (1970-1390) have seen a substantial 
inorease in the inquiry into pupil and student understanding 
and interpretation of various soientific concepts and 
phenomena. This area of research emerged as a result of the 
observation by educational researchers and cognitive 
scientists that learners sometimes presented unexpected 
explanations when required to interpret basic scientific 
phenomena such as the changes of states of matter (Osborne 
and Cosgrove, 1983) or electrical phenomena (Cohen, lylon and’ 
Ganiel, 1983).

( Early investigations on these non-scientific explanations
^  centered on views held by pre-school and elementary school

children (Doran, 19725 Nussbaum and Novak, 1976). These 
children’s explanations were popularly known as 
"children’s science" and were regarded by many as intuitive 

® and unique to children at this level of education. Subsequent
investigations, however, showed that the views were not



fiftstrioted to thase groups of ohildr©n with limited 
scisatific kilpwledge but were also present aiaong secondary 
acbool smpila ^!5Driv®r and lasley, 1978), tertiary lev«l 
students (H«l», 1980) and even among some graduate teaohtgrs 
(Osfeora# iyad Wittrock, li88). Investigations on the nature of 
tkdse ana-scientifio explanations ahow that they are

attong a wide cross section of ptipilB and stwdeiats 
irjeetaffeotive of their cultural backgrounds, age or acasd’emic 
ability (Cha®fs.gae, Gunstone and Klopfer, 1983)*

,'.v€̂>1
B«#<l)tit research in this area has i»<sfreasingAy focussed
attention on the identification of t.hese wiiely heldi
alterative iBterpretations not Jaslj at lower educational 
levels but al®@ at higher educationall levels (Bradley and 
Ogude, 1989)» At the senior high soiiool and introductory 
university levels, the learners would have acquired a nunibisr 
of scientific concepts but in a similar manner they could 
have also acquired non~ac5entific ones. It is impt.tant 
therefore to identify the non-scientifIc ideas which may be 
present since they have been shown to stand in the way of 
mo®t learners i:n responding to new knowledge.



1*8 HeflnltlQn of WlsconceptlQn ..and TeFmioology Uli&d
/i

Non-sclentifio explanations have been identified in various 
science subjects and are simi^ly defined a.s "false beliefs 
that are highly resistant to tuition" (Cftrey, 1986}Champagne, 
©uast'sne and llopferi 1983). The terminology used to refer to 
them has been varied. These include intuitive belief 
(McCloskey, 1983), naive belief (Caram$;,EZ, McCloaket aad 
Sreen 1981) and cultural belief (Cole,1975). This 
terminologyI however, is no longer in common use after i 

research revealeol that the views were neither intuitive, 
naive, nor cultural but w^tre genuine explanations 
toy which the student understood the particular oonoept. 
C?r,2iseg,uently terms isuch as prior knowledge or pre­
conception, misconception, and alternative frameworks are now 
preferi'edv For examplo, the term pre~ conception or ^>rior 
knowled's® was-used by HewBon and Hewson, (1883) and several 
others and refers to wrong ideas present before formal 
teaching in the particular topic begins. Th« ’>’ord 
misconception is widely used although there is some 
disagreement on its use. Some researchers feel that although 
the views are scientifically u* icceptable, they should not be 
labelled wrong or .misconceptions but rather alternative 
frameworks (Driv'ir and Easley, 1978; Watts and Gilbert,

' M
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190S), Mussbauia and Novil^k (1982) silso suppoft this viewpoint 
andi imagest that students acquire these erroneous views 
''no*t because of mlaunderutand.ing th« concept but 
undejystaiQding it differentiy". They go further to say that 
tlxtss® views are not innumsrable idea® but are Ipart of a 
definit® though erroneous framework.

In this work, pre-conceptIon is used to refer to the wrong 
id#as Identified prior to the teaching of eleclfrochemistry. 
For eXviinple> in cases whei‘s a pretest was adin:i,nistered and 
oeaftain misunderstandings identified these ai'e 
r©'l^brred to as pre-conoepticns. Misconception o^ the other 

is ur A to emphasise that the particular jidea arises 
<J;it of misconoeiving or misinterpretini^ a partiifjular 
,
scientific concept. It is Used to refer to the l«rrong ideas 
that may not have been appsvrent before instruct.i,on began and 
those that may have been acquired di r-ing the coxArse of 
instruction. For example, there are cases whei’e a pretest 
OR the existing knowlc?dge w;̂ s not administered and the 
subjects were tested after i‘ormal teaching. Misunderstandings 
identified in such cases are referred to as misconceptions. 
Excanples of poor conceptualiiiation among South AfJcican
students In physical’ science have been jpeported by Helm/('

V  (19?8 1980)5 Hewson â d̂ Hewsol> (1983); Bradley, Brand and

#
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Bradley suad itwfttaa . S»te*4#» «^d
Siiitlfc* (188? )j B**adl«y, Q«i?r«Ma8 »ad hm-m (1980).

l.S -Natiuset ..of,-

JiajsOî rJsaL̂  wh«~ h o M  vi&»m nor® ©teair»©'fe-<W‘i»«€
-■fcpr f:.h.»Xr ®r t,ijgpsaij?®tt.t iaaMlity t^-gi-r* up

, v'. is e-^Weat frs» 'mspiy r«»«&2roli
hh&t many leara«ra still laaimtain tls#it'

1' :'V‘i
■.. ’»v''isfV«a aiftej? a #alil>«isat«rv«#f®3?t t® tJaafi

., m m s-5&■!!.''̂ (H«w©m, If8i-I Vila&asil# ‘ ItSt), '
fills* «b»«i?va^.io'a b««m adaetmt#!® f®s? by t&i* ■

form ®tart’@f l^armis^i ̂ 'w«y ®f' 
tlfefij'ir r®m#<aiat.io«; ̂ oft»n r#tmi»-(t« t*»*> 

#riaalaatt©a of a »«t of iBformati#ai aai r**-*
®ri«atatioa ®f tiiair way of tMnkiag. T M s  is Y«ry diffieult 
to ttffeot im ntaoLy learnara sist0e this aat of Imfonnatioxi) 
though ©rroneoua, appears ooherent to tinaiB a M  wotil̂ l Isâ a 
for’~®d a fram® of raferenoe sometimes over a loiig period of 
time.

Onm imp.ortamt ii^lioati&n of iais««-<^.tiete» im "l»mraiiaf i# 
t'hat tJaey ©am go uad«'t#«ted ia the traditiomal n m ^
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\of teaching 1?hich still the most widely used methods
at diffejpint educational levels. As a result, the 
instructor is often ignorant of the average students* 
way of thinking prior to instruction and likewise the 
students are often tmaware of the teacher’s expectations. The 
teaching of new material is therefore often based on the 
asauJiiption that the learner would have previously acquired 
the appropriate pre-requisite knowledge which can form 
the basis of Jrstanding new information.

This, however, is not always the case and in many instances 
the instructor builds on a poorly differentiated knowledge 
structure and inevitably disparity between the new and old 
information results. Fensham (198i) and Berliner and Casanova 
(1987) outline the course of action adopted by soro« learners 
when they fail to relate the new information to that they 
already possess. These include;

(i) Diseouilibration - The learner may be totally confused 
and may in due course be unable to pay attention to the new 
content being taught. Thi*? often leads to the learner 
discontinuing studies in that subject.

(ii) CQmpartroentallsation The learner may decide to 
memorise the unintegrated bits of information and accommodate
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theJtt in hia knowledge structure siroultaneousiy with his 
own beliefs. Those who resort to this strategy, conti'ary to 
exj>®ctation, show no dissatisfaction with this knowledge in 
two compartments and can continue with their studies and even 
perform well in tests and examinations (Reif, 1987; Lippert, 
1986). This, however, is usually a temporary measure 
which the learner adopts to cope with his studieiB and onoe 
conventional tests and examinations are over, many revert 
to their original ideas.

Both of the abo%'e strategies have serious implications for

f
 learning but the latter is potentially detrimental since it

can encourage re-cycling of misconceptions, espeoially in 
cases where the learner eventually becomes a teacher. It is 
possible that some of the graduate teachers who have 
been shown by research to exhibit incoherent frameworks 
could have formed resistiint models earlier in their studies 
and thus adopted this strategy of compartmentalisation during 
their course of study.

The finding that misconceptions are both resistant to tuition 
and not easy to detect in the traditional setting brings into 
question the effectiveness of traditional metJaods of 
teaching in correcting these views. It indeed supports the

i.r<
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notion revealed by research that these teaching methods do 
not adequately address these erroneous notions and are in 
fact ineffective in resii&diating obstacles encountered earlier 
in the learning proceos (White and Qunstona, 1981).

The shortcomings and inndequaoies of traditional t#a.ching 
have led soienoe educators to investigate alternative methods 
of instruction. These alternative approaches are largely 
based on Ausubel’s theory of meaningful learning (Ausubel, 
Novak and Hanesian, 1978) which requires the instructor to 
deteriffiine the learner’s prior understanding of the topic to 
bs presented and then woifk towards gradually expanding and 
refining the scientific concepts present. In addition th® 
instructor is required to devise methods for restructuring 
or changing the non-scieutific concepts.

The Purpose of the Study

Cheuiistry is regarded by many high school pupils and some 
students at university as difficult (Bojczuk, 1982). Some of 
the reasons that have been suggested on why st’idents 
experience difficulty include information overload (Kellet 
and Johnstone, 1980) and inappropriate pre-requisite 
knowledge {McDermott, 1988). Ben-Zvi, Eylon and gilberstein
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(li88| also describe research in which they propose that the 
rapid transition between microscopic and macroscopic le\«ls 
by experienced chemists poses an immense problem for leaifters 
diirini their early studies in chemistry. They cite the 
inadequate understanding of the atomic model and the ,\
following three aspects as being a major contributory faot'|br
in making chemistry difficult to comprehend. |\'i(,
(i) The abstract and non~intuitive nature of the concepts | 
involved.
(ii) The need to co-ordinate the previously discussed levels^ 
of description in using the atomic model.
(iii) Communication, that is, the language of chemistry can 
be very difficult for a novice. For example, similar symbols 
can have different meaning according to the lev*»l of

V-

description being used. The symbol Cu for example, can be 
used to refer to both an atom of copper and a piece of copper 
metal.

These problems outlined by Ben-Zvi, et.al and other 
researchers are apparent in the study of student 
misunderstanding in several chemistry topics such as chemical 
equilibrium (Vilakazi, 1990) and chemical bonding (Bradley, 
Gerrans and Matthee, 1989). The topic of electrochemistry
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als® pr@s®ats coBsiderable diffiemlty for many learners 
(iacludiag those involved in this study) (Allsop and George, 
1982| Ainley* 1986; Chambers? 1983; Hillman, Hudson anu 
Mef̂ esan, 1982).

The puppme of tht^ iavestigation was to determine some of 
tte j>roblei«s which arise in the learning of electrochemistry 
ansi, in parttaular to asjsiiss qualitative understanding 
of electrochemical processes. This.is all the more essential 
heng»use of th© realisation that students often manipulate 
phygiioaJL g£!mstiti©s without necessarily us.derstsiadiB,g the 
underlying concepts (Lippert, 1986). There is also growing 
realisatioK tfo^t conventional examinations and tests may not 
assess genuine student understanding and may thus not bs a 
true reflection of how much the student actually knows 
(Berliner and Casanova, 1987). Indeed recent investlgatloii.s 
reveal that even after seemingly good performance in science 
coui'ses, many students still exhibit gross scientific 
misconceptions (Yarroch, 1985; Champagne, Klopfer and 
Gunsstone, 1983). For example, a study done by Parspas (1989) 
on chemical equation balancing, among standard 8 pupils in 
South Africa revealed that the pupils could arrive at a 
correct solution even though they had a poor qualitative
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taiowliwdlge ®f tke protelea. ¥aw«jch (198i) als€> jaotM this 
ps?®bl©m «BK̂ cig high school pupils ia A®efioa.

A l«M3fc at p»»t Physieal S^i®iaoe e:i£«ffliiBati&ii papeifs in i#wth 
MlPitsfa (if®€l.lB a»i Vei^a, 19S6) reveals that the eaiptoSis 
ift tihsse e*^itt£ttioiaa is oa maaiptilativ^! skills aiid reKy 
little a%t.«f«ition is given to qualitative questiilias which

{j
pt^lj© st%®fetit mnd«rs%ai3sdiBg of micrescopic processes.

The questions set in these examinations in relation to 
electroofeeiaical cells, typically require pupils to perform 
c®lculations. For exaa^le, calculation of 1® values for a 
particular process, or balancing given redox reaction 
equations. Whereas this method of testing provides an 
important check that the appropriate knowledge has been 
committed to memory, it is inadequate since it does not help 
pupils to interpret what they are manipulating and often 
encourages rote learning.

In this research it was felt that there was a need, not so 
much to determine student ability to do such quantitative 
manipulative tasks but rather, to assess their qualitative 
understanding of lilectrochemical processes and the 
significance of quantitative results.
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The ultimate aim in carrying out this study was to 
develop and evaluate an instructional method which can avoid 
the weaknesses inherent in the traditional method of t«i,t|&ing 
eleetrochemistry at the senior secondary school level and 
tertiary institutions. One other aim was to help the students 
and pupils overcome their difficulties. The views about 
eleetrochefflical concepts among South African pupils and 
students have not been reported before.

m



CHAPTER 2 

LITEBATIJRI REVIEW

In the first chapter, a brief historical background to 
the investigation of non-scientific views held by »̂\ipiis and

2 itittadents was given. The emphasis was on how this area of
r'̂’> reaearch has develoiied over the years to include views

*'■
is

m
held by both young and old learners, ^he shortcomings of the 
traditional methods of teaching in adCi*resr/ing the erroneous 

Im- views were also highlighted. For examjE>l«, the method of
assessment has tended to emphasise quantitative manipulative 
tasks rather than qualitative understanding. It was stated 
that the focus of this research is on the qualitative 
understanding of electrochemical processes among high school 
pupils and tertiary students with a view of developing a 
teaching method which can alleviate the identified problems. 
In this chapter, a review of the literature pertiyvent to this 

(i area of research is carried out./fhe emphasis is on the
following;

{i) the methods used for the identification of
#  misoonceptions5 their advantage.® and disadvantagef) and how

suitable they are in assessing qualitative knowledges
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(ii) predominant misconceptions reported in the literature on 
electrochemistry and related topics.
(iii) possible causes of misconceptions in electrochemistry 
and related topics.
(iv) procetiures adopted in the design of instructional 
strategies wkich have been shown to be successful in helping 
students acquire scientific conceptions.

2.1 iy,#:thod8. Usea for Identificatioa q£.M±gcoiige.Rtl£?A¥ :

Numerous research reports indicate that teaching can only be 
effective if based on the thorough knowledge of the students’ 
way of thinking prior to teaching a new topic (Novak and 
Gowin, 1985). Various methods have thus been developed which 
aim at identifying the students misunderstandings. These 
include interviews, written tests and the construction of 
concept maps.

2.1 .1 . IM-JUltSZZisM

Verbal methods include the clinical interview which focusses 
on a specific aspect or problem (Posner and Gertzog, 1982) or 
a more general interview which attempts to discover what a 
person knows about a topic (White and Gunstonej 1981).
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The elinieal int*rvi«!W was originated by J&mx Piaget in 1962. 
It has 8ufo8eqiwe>ntly been used sucoessfully by rious 
researchers in identifying the state of knowledge of students 
aad at the saate tla® to expose misunderstandings that may be 
f#esent. ituilts by Fredette aind Locbhead (1980) h«ve 
demonstrated the uMerstandiiig th^t can be gained by the 
analysis of recorded interviews. In addition to identifying 
the niiiscoaoei>tions present, the clinical intel’view can also 
give iii«depth informatibn on the possible cauiitî s of the 

''■jj misconceptic^s.

In s^ite of the reported successes of the olinicAl 
interview, it is time consuming. Amir, frankl and Tmmir 
(1986) reviewed the different methods of identifying 
misconceptions as regards their suitability for different 
sample sizes. They underscored the numerous advantages of the 
clinical interview but cited the time-conatming nature of 
the method as a major drawback, especially for large samples. 
In particular, transcribing interview records is quite 
demanding and tedious and the potential to generalise the 
results to large samples of students is limited.

Both the general interview and the clinical interview were 
employed in this study. The general interview was used during
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the preliminary investigations to identify the areas of 
concern. Subsequent to these, the clinical interview was used 
to elicit in-depth information on the possible sources of the 
misunderstandings. By asking appropriate follow*-up 
qtaestions* it was possible to elucidate a studisnt’s thinking 
pattern and, frop’ the information, possible factors which can 
reinforce or give rise to the misunderstanding were deduced.

In view of the limitations of the interview method mentioned 
earlier, written methods were employed in this work to 
supplement the interview method.

- 2.1 .E lEA.tti.§a...,MgAbMi

It is generally acceptad *hat verbal interactions such as the 
clinical interview are mor^i effective than written methods in 
giving in~depth information about the nature conceptions 
present among students and pupils. Written methods are, 
however, useful in cases where a large number of subjects are 
being investigated. These methods have recently been improved 
to overcome one of their major disadvantage, that is, giving 
limited information about the students’ conceptions. Amir and

#  co-workers (1986) for example, suggested that the reguiremfent
to justify th© choice of an alternative in a multiple choice

M i
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question can be of great help towards improving this method. 
From this justification, the researcher can gain more insight 
into the actual depth of the student conception. This 
approach was adopted in this study where che subjects were 
required to give reasons for replying true or false to a 
particular question. The justifications indeed showed that 
the choice of a correct response did not necessarily imply 
understanding. Many students who chose the corr*?ct responses 
did so out of wrong considerations» In giving the reasons for 

lijv their choices, the misconceptions they held became apparent.

';V
..

Studies which employed the pencil and paper methods, as they 
are often called, were reported by Bell (1985), Wandersee 
(19S3), and several others. The questions can be either 
multiple choice, true-false, assertion-reason or open-ended 
in format. In this work the first three formats were used 
to give the subjects three different chances to express their 
views on each concept, so as to make the analysis more 
accountable and less vulnerable to the accusations of 
subjectivity.

One other popular written method used to determine the
#  understanding of a concept is to confront students with

examples and non-examples of the concept and for them
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to give reasons for their categorisation (Osborne, 1982). 
During categorisation» the students’ misconceptions
become ai>parent from their reasoning. This method was 
employed during the preliminary stage of this study in which 
sub4#<3ts were reiuired to categorize cells as either galvanic 
©r el#otr#lytio-

8'. 1,8

C©m©ept m«.p» are intended to represent meaningful 
re,*la;ti#mships between concepts in the form of propositions 
(NoTa.k and 0owin 1985). In this method, the leax>ner is 
eisp@et## to identify key concepts and establish links 
between the concepts. The examination of such concept 
piaps can reveal the students* misiinderstandings, stats of 
existing knowledge and, in turn» misconceptions. One of the 
flajor drawbacks of this method is the time and effort needed 
for the learner to take part in this process. The researcher
also has to spend a lot of time teaching learners how to

>1
construct concept maps. This method has, however, been used
successfully for identification of misconceptions (Hoz,
Tomer, Bowman and C’̂ ayoth, 1986). It was not possible

/■'to employ it in this work because of the limited time 
available for the subjects in this study. ‘
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2,2 Predoininancet of Miscoiicsio'fcions in ElectrocheHiisfcrv and
.

Attempts have pr«»viously been made to document th« problems 
encountered by learners in electrochemistry and strategies 
have been suggested to alleviate the problams (Ainley, 1986; 
Moran and Giieadij 1989; Vella, 1990; Viola and Truax, 1990).

Alls'op and George (1982) carried out a detailed investigation 
which documented the problems encountered by A-*level students 
in Britain in electrochemistry. They analysed objective 
items set over a period of four years and found that 
students had the following major problems:

(a) failure to recognise reactions as examples of redox.
(a) failure to give a correct qualitative interpretation of 
the processes which take place when a cell operates.

I Botha (1989) also found similar results among Standard 10
^  pupils in South Africa.

Ainley (1986) suggested an instructional method whose aim was
to move students away from memorising rules and conventions

®  and instead help them to understand electrochemical
processes from first principles. The success of the method in 

% 0



overcoming some of the student problems was, however* not 
reported.

Most of the investigations done on electrochemical concepts 
focus on only a few aspects of electrochemical cells, for 
example, the designation of electrodes as positive or 
negative (Moran and Gileadi, 1989)» In addition they do not 
report on the effectiveness of the designed teaching 
programmes.

: : Electfoohemistry is a multifaceted topic and can be
conceptually demanding (Ainley, 1986). It requires the 
understanding of several pre-requisite concepts which are 

>. traditionally taught in physics and chemistry courses. These**
pre-requisite concepts include electrical properties, 
stoichiometry and the mole concept, chemical equilibrium and 
ionic reactions. Many investigations indicate that students 
and pupils experience difficulty in these physics and 
chemistry topics related to electrochemistry. Learners findif
qualitative interpretation of electrochemical processes which 
is one of the main concerns of this research, particularly 
difficult. This is because such an interpretation requires 
the learner to have adequate understanding of the individual 
pre-requisite concepts. Furthermore, the learner has to be 
able to apply thin !ltnowledge in the interpretation of

20
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eleotrochemical processes. In addition to the pre-requisite 
concepts, there are a number of rules and conventions which 
laafce this interpretation difficiiit for students to achieve.

Eeaearck into the understanding of these pre-requisite
topics, reveals that they rre very aowplex in themselves and
are not well understood by many learners. For example,
ei£tensive research done in South Africa and elsewhere on theft
understanding of electrical phenomena, reveals that children 
and adults alike, find it difficult to distinguish between 
terms such as current and voltage (lelra, 1978| Eosae-Innes, 
1085| Stanton, 1986j CJohen, Eylon a»id <Janiel, 198$| Dupin and 
JoshuAj 1987). This is further coraplicated by the nature of 
t|ie8e terms which is difficult to make concrete.

The distinction between these two terms is crucial in 
avoiding the conMmon error of confusing the rate of an 
electrochemical process and the tendency of the proc«- to 
take place. This mistake is frequently observed among 
learners in relation to ordinary chemical reactions and is 
often extended to electrochemical processes. The confusion 
which may result if the terms voltage and current are used 
interchangeably, which many learners do, and how this 
confusion can contribute to misinterpreting electrochemical 
processes, is discussed in chapter 4.
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Student and pupil difficulties on the mole concept l̂ave also 
been widely studied internationally (MacDonald, 1984j Gabel 
and Sherwood, 1984; Luckay, 1989). Soane of the problems 
highlighted by the studies are;

(a) Learaers confuse moles with molecules.
(b) Learners find ratio and proportion, which are central to 
wtderstaBding this concept, difficult.
(©) Ijifitarsers associate the quantity of 1 mole with a mass of 
Ig.

t

Because the mole concspt is oft«a misunderstood, it® 
supplication in stoichiometrio ©alculations inevitably 
be,com4\s problematic for many learners. If learners‘ 
eacpsrience problems with chemical stoichiometry* it is very 
likely that they would encounter even snore difficulty with 
electrochemical stoichiometry. This is because in 
electrochemical stoichiometry, learners have to think in 
terms of a mole/charge relationship instead of a mass/mole 
relationship which they would be familiar with. Adequate 
knowledge of the mole concept and stoichiometry is 
therefore, essential to the understanding of electrochemical 
processes.
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As with electtioal phenonteaa, stoichiometry sund the mole 
coacept, the understanding of ishemical equilibrium and ionic 
eitiatioaa is crucial to the correct interpretation of 
eleet^rochemical procieisses. Research into the uaderstaading of 
eheaaieai #quilil8riuBi (lackling and Garnett, 19S5| Bradley,

Saod feong, 19®0| Vilakaisi, 1990) and ionie equations 

<Joliasiftoae, ©arferth and Lasonby, 1976), also indicates that 

l^j^^rsers<'• ifflroense diffjiculty understanding theive

c^moeffts*

Iie®@e asd tot%l#ws (10fS) in a survey (? ne on topic 
difficulties sinang A~level students in Britain, found out 
that etutlibria iSffld aoid'^b^se reactions and equilibrium and 
freo energy were rated as the most difficult topics by the 
maj#rity of st^d^nts ao# teachers. These topics are concerned 
with the aspects of equilibrium, ionic reactions and free 
energy whose understanding is central to correct 
interpretation of electrochemical processes. If learners 
perceive them as difficult as the study of Leeoe and Matthews 
revealed, the likelihood is that they would not be able to 
apply the principles of equilibrium and ionic reaction® in 
their interpretation of eleatrochemical processes.
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2 1 3 Possible Sourceg of Misconcieptloaa

Learning difficulties experienced by students and pupils in'
science can arise foi* many reasons. In traditional teaching 
thesa have often been attributed to either lack of motivation

-

or failure by the student to grasp the abstract attribute« of|;r-'
scientific concepts (Kempa and Hodgson, 1976). Whereas this 
may be true in some cases, research has shown that these 
factors alone cannot adequately explain why pupils and 
students persistently fail to understand certain concepts. 
Moreover, pupils who have been described as motivated and 
intelligent have been found to experience learning 
difficulties (Lippert, 1986).

It has become evident that we all have misunderstandings 
which can be passed on to learners either through talking or 
demonstrations or through writing for beginners. Textbooks 
and teachers have been identified as one possible sc'<irce of 
misunderstandings among learners. One othei source of 
misconceptions is the lack of appropriate and adeq’uat« 
information on the part of the learner at the time the topic 
is introduced. These two aspects appear to be the major 

® contributory factors in making learning difficult and are
discussed in detail below.
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2.3.1 Pegpetigftted by Teachers and

Language plays a central role In learning and can either help 
students to understand concepts or hinder their xmderstanding
(Bradleyi Brand smd Gerrans, 1987; Laidler, 1988). Mai'̂ y

\.research reports indicate that some teachers harbour 
misunderstandings which can be passed on to students and 
pupils during the learning process. Hashweh (1988) reports 
that in many cases high school teachers hold misconceptions 
which are similar to those of their pupils and therefore are 
unable to assist them in overcoming their misunderstandings, 
A similar study done in South Africa (Bradley, Brand and 
Langley, 1986) showed that teachers held a number of 
misconceptions which can be passed on to their pupils.

Textbooks are a major source of information for beginners and 
can also be a source of misconceptions. Textbooks can foster 
misconceptions by either lacking explicit information or by 
using imprecise language. Barrass (1984) documents some 
misconceptions in biological concepts which are perpetuated 
by some teachers of introductory biology courses and sciue 
biology textbooks. According to Barrass, certain 
misconceptions and misunderstandings encountered frequently
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in verbal and written work of students and pupils also occur 
in school texbooks and some are perpetuated by teachers in 
the relevant content area. Herron (1972) comments that part 
of the reason for teachei's* perpetuating misconceptions 
may be the fact that many "teach as they were taught”, 
so that some teaching practices persist without apparent 
logical justification.

Eepresentations and symbols or the language of science in 
general can be a major contributory factor in fostering 
misunderstandings (Bradley. Brand and Gerrans, 1987). In 
particular the ''crAings scientists attribute to terms are 
sometimes different from the everyday meaning attributed to 
the terms. For example, students in physics generally define 
acceleration as speeding up, as is often used in everyday 
conversation while physicists define acceleration as any 
change in veloci y. In electrochemistry, for example, the 
conceptual meaning of reduction - a gain of electrons, is
different from its everyday use vhich implies a loss ratherji
than a gain. The imprecise formulations which characteris® 
students who hold misconr.eptions may be due to students 
having vague meanings of technical terms. Authors of 
introductory textbooks should thus pay attention to the 
correct use of symbols and the language. In particular they
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should draw the attention of learners to technical words 
whose m@aning may be confused with that of common words.

Inappropriate information* or lack of it, in matiy textbooka 
w«r« found to bd some of the major factors which’can 
oontribvxte to «iisunderstanding of ©lectrochemical concepts. 
These are discussed in chapter 4.

2.S.2 Lack af. Appmpri&t<g PrB“-Bea.uî lfcgt-£ry3̂ 1®ig:M

a;’'

Students like anybody else understand by relating incoming 
information to that they currently hold. Research findings
indicate that misconceptions often arise if students cannot-i ;;
make appropriate links between what they already know and the 
new information (Fenaham, The understanding of
electrochemical processes implies that pre“reg.uisite physics 
and chemistry concepts aentioned earlier are adequately 
understood and that learners are able to tf>ansf®r this 
knowledge to the study of the topic. As already discussed in 
section 2.2, this is not always tfcs case.

’S'
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2.4- Re.yiew of Instructloaal Stxa_tjaj3.L«8a

Various research reports indicate that laisconceptions are so 
widespread in different sciewce subjects as to suggest the 
failure of the traditional method in addressing these views. 
On® of the reasoxiK for this failure is the passive role 
adopted by the learner in the traditional teaching approach. 
Research has shown that concept acquisition is a complex and 
gradual process and one can learn better if one is an 
active participant in the learning process (Champagne, 
Gunstone and Klopfer, 1983). The success of alternative 
teaching methods therefore implies a radical change in the 
role and attitude traditionally adopted by both teachers and 
learners in the learning process, The role of teachers 
should change from that of authoritarian figures to that of 
facilitators: that is, thej should manage and create i::n 
appropriate non-intimidating climate for learning. One 
significant component of this is that teachers should 
accept that their traditional authority can be challenged and 
that the students may not necessarily agree with some of
their views. Likewise, the role of learners .should chaftge

i)
from that of passive listeners to that of active,

®  inquisitive participants who are prepared to listen to
0 '

different views.,
\ m0
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The methods devised ao far acknowledge the central role of 
the students and pupils in the learning procfesa. The 
distinguishing feature between them and che traditional 
method is the two-way flow of information between the 
learners and their teachers. The overall aim in designing a 
strategy should be towards integrated understanding which 
can be achieved by making the information simple, coherent, 
unambiguous and easily interpretable. To achieve thisj, the 
language in particular should be used carefully so as not to 
bo misinterpreted and thus foster misconceptions.

In spite of the resistance of misconceptions to tuition, 
several approaches have been presented in the literature 
which have been successful in bringing about conceptual 
change. The methods consist of three main components. These 
are;

(a) exposing the learner’s wrong views,
(b) creating dissatisfaction with the existing views, and
(c) encouraging accommodation of new information.

These compononts have been described by various researchers
using different words. For example, Watts and (lilbert (1983)

//refer to them as explication, expectation and exploration.

'Sitt
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Th® role of the instructor in or&ating an atmosfplaere where 
th?»se three componeiats oan be achieved is discussed below.

(a) asBagiJig, ,Tto

■S-i

%

The teacher should be aware of the rattge of ®isoonceptions 
present among his pupils or students. The learners^attention 
should be drawn to the fact that they may have previously 
acquired some popular knowlsdge which may not ne<"issarily be 
scientific'. This should not be difficult to achieve if a i on- 
intifflidatiag atmosphere and e two-way flow of inforsiation haa 
been established. The teacher can then employ either ' s rWl

j

or written methods to expose these viewis,

(b ) Creating Dissatisfaction w.lth__

The thrust of this phase is that students should be 
dissatisfied with their own ideas before they can accept 
other peoples* viewpoints. This is often achieved through 
verbal interaction and involves jgroup discussion between 
learners or between learners and the instructor. By 
participating in these discussions learners are forced to 
con^sider views which differ from their own and face 
contradictions in thfir own ideas. This reconstruction 
process often produces a modified or new way of thinking as

1
h i J
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a direct result of participation in the discussion os- 
dialogu#. The significance of this process is that learners 
can shift from their original position and b© me^re recepti'/e 
to alfc#rtiativ« ideas if they recognise the inadequacy of 
th«ii5P id%*ts to consistently describe a certain phenoffienon. 
Thia ©jfaastes an opportunity to convince them that the 
difficulty could be overcome in a different manner.

k :

Gte«#^^e  ̂ nd ©o-workers (1983), for example, adopted an 
inBtruatienal strategy which they call ideational 
confrontation. They apply poer group interaction and after 
esa®h student has analysed a situatioa, a clasa discussion 
Stuarts and individual iStudents present their analyses of the 
situation. As individual student analysis is modified and 
elaborated by ©ther students whose analyses are essentially 
not in agreement. In this way cpntroversy starts and 
students are forced to consider their peer’s proposals and 
hopefully modify theirs in the process.

The significant factor in this stage is that learners oan 
only aecommodatt Isaowledge which they consider to be relevant
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and applicable to many situations* Hewsena, (1983) proposed a 
conceptual chsmge method which called upon leaR^ers 
to corisider whet * ar the concept to l>« l«i®rht had internal 
consiiKtency Cintelii*<ibility), • St had any explanatory
|w3w«r {plausibility) and wh> was ai^plicabl® in several
sitVtatlons (fruitfulness). If loari>©rs perceived the 
information to have these thr«e attributes, they would then 
s©e it as personally useful and relevant. The goal therefore 
is for the teacher to arrange learning activities liThich will
guide learners to a stage where the ao<i«ir®d knowledge can

// . l\, , withstand his experisiVjes. This entails careful choic^ of 
.1 . .. 

teaching mafeeri'al designed to confront the learner’s
■ ■ w' ^roisconceptfoBis. T'ke design an€ arrangeraent of these

\'materials %  effective w%en based on a thorough 
understanding of the learner’s basis for describing a 
particular concept. The learning experience should therefore 
be arranged such that the learners’ should in the first 
instance disprove their own hypotheses by working with 
materials designed to achieve this purpose. Only after they 
realise the inapplicability of their own hypotheses are they 
likely to acconmodat® alternative ones. The next stage is to 
work with materials designed to encourage scientific thinking 
in learners. Once they have put the new ideas or hypotheses 
to the test and to their own satisfaction, they stand a
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bettef ahmuam to «b@o©iiBnodate ftis# new inf®i*Btati<sn!»

Oa® other laethod of assiating learners to aeeoaao^at® 
kBOwl<s(4ge is by hel$>ii3.g them organise and aiysteiaatiae 
tfeeia? feacwl#-ii«. Wtay learBsrs of tea find tlae new juateriAl to 
b0 -leatmt'0^®r«lielml33tg aai an informat ion overload ©an 
reSTiit tod Johastons, 1980)* This setbaek ŜJii be
0'Ve3?#i*ffl;e fe.y «rJ?«*giJa€' lessoa o«tliaes, 'Vee diagtam'S^ smd 

oo®®<ept ffiafSi -¥e® di.agr»ms and ooacept ma;^s have been fo-mjid 
to be f^ti@til»ri.y effeotive in the orgaaisatiom of subject 
JBSkt$.®i'.''’»htoh./ig rfesieatiaO.'for later' iaformation retrieval* ̂

V

laatymeti^aal-. s-teat^iies d/#veloped-to far largely //
If
IIineojrporate the ab/>ve j^rooedures, aad researchers geA%iarally 

ajiree on the 4m|)0̂i‘taaoe of all the phases with possible 
variations da how each can be achieved. For example» Some 
strategies stress the importaaoe of placing students in 
conflict situations in order to achieve dissatisfaction with 
an existing framework (itavy and BerkowitZ} 1980) while 
others emphasia® the importance of verbal iateraction between 
students oj‘ students and teachers to achieve the ■Bam® goal 
(Stepans aaif Dyehe, 19S6).

I .
/f

As.-
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The stages described above need not necessarily follow the 
sequence given and can even take place concurrently. For 
example, during the course of an interview to identify 
existing misconceptions, learners can reflect on their own 
views and ideas. Although the exercise would have initially 
been aimed at exposing the misunderstandings, the learners’ 
ideas can also be modified at the same time. Similarly, 
during peer group interaction to make student misconceptions 
public, th« learners may in the process be convinced that 
their ideas are wrong or inapprop^riate, Instructional 
strategies whiclr incorporate the above procedures ar© based 
on ooiistruotivism (Bodner, 1986) and generative learning 
theories (Osborne aad Wittrock, 1983)„

The teaching m^^terial designed for vise in this work largely 
incorporated the procedures discussed above. Modifications 
were, however, necessary in order to adapt the methods to the 
specific groups of students under study. Specific aspects 
relating to the design and content of the learners’ and 
instructor’s notes are disousi?id in chapter 3.

0



CHAPTER 3 

METHODOLOaY

■fife-

In the literature review in ohapter 2, methods for 
identifying misoonoeptions, and possible oauses of known 
misconceptions in islectrochemistry and related topics were 
identified. Methods which have been reported to have success 
in alleviating misconceptions were also reviewed and the 
ones to be adopted in this work selected. In this ohapter, 
a detailed description of how the procedures identified in 
chapter 2 were used in the different phases of this 
investigation is given. The research questions addressed in 
each phase are also identified below.

3.1 Research Questions ^

The fo?lowing questions identify the scope of the research 
and the sequence in which the research was conducted. The 
modifications adopted in each phase are mentioned whenever 
appropriate.

(a) Phase I - What are pupil and student difficulties or 
misunderstandings, if any, in relation to describing the
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«

miorosoopio processes which take place in operating
'Ieldofcrooheaioal cells ?

(b) Phase II - What is the pattern in pupil and student 
EisunderstandingB of these aspects at different eduoational 
levels naaely high school, secondary teacher training 
oolleges and u *iversity ?
(c) Phase III - What are the possible sources of these 
diffioultie® ?
(d) Phase IV - What instructional method can be used to help 
students and pupils to overcome these difficulties and 
acquire sol^ntifio conceptions? How successful would that 
instructional method be ?

In order to answer these questions, there was need to collect 
both qualitative and (3uantitative data. This was done by 
conducting Interviews and administering questionnaires. The 
content and timing of both the interviews and th® 
questionnaires was not pre~^peoifled sinoe they evolved from 
the diffioultl©^ as they arose in context. For example, the 
interviews conducted with high school pupils and first year 
students on the qualitative understanding of the oanoept of 
half-cell potsEtlals were not productive, that is, th® 
pupils and students were incapable of verbalising their 
views on this oonoept. Although it was originally planned
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that questions relating to the understanding of this concept 
be included in phase I, a slightly dif*’'.‘rent approach had to 
be adopted. It ■ss'as decided that interview's relating to this 
concept bould only be conducted with senior students and this 
was done with students enrolled for a Higher Diploma in 
Education (Postgraduate) (HDE (P-G>>. Similarly the questions 
on this concept could only be administered to the HDE 
students and first year students after the application of 
the instructional strategy. Consequently the student views 
and possible sources of these views on half-cell potentials 
are discussed under phase IV.

3 .2  .I  den tlf ipjaAion...of-il iso on gep t i.sn a

@

As discussed in chapter 2, electrochemistry is a multifaceted 
and complex topic. The initial task in this work, was, 
therefore, to build a general picture of the problem areas 
with the aim of isolating the less demanding from the more 
demanding ontss which required further investigation. In order 
to achieve this, a two-stage process which included both an 
initial and a detailed investigation was adopted. The 
initial investigations were started and completed in 1988 
while the detailed investigations were started in 1889 and 
completed in 1980.
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The initial or preliminary investigation comprised 
interviews with groups of students atî d pupils (Cros, Maurin, 
Ghastrette and Leber, 1986), The sufestequent detailed 
investigation consisted of structured {clinioal) interviews 
with Ittiividual students (Posner and Gertssog, 1982 5 Fredette 
and Lochhead, 1980) as well as a written (pencil and paper) 
test (Beil, 198S). The pupils and students participated 
voluntarily as follows'^ t

(a)

These were standard 10 pupils (12th year of study) from a TIB 
(Trai«»vi?al ̂ ■Si»«ation''0ep«ptment> hi^gh .gwhool in J'iiii«eie®%wrg. 
Two sr®ufr# of ,pupils were idm-tif ied| t^hos© studying Fhysla&l 
Sciense at the stand^ard grade (S©) «md those doing s;o at the 
higher grade (KG). Stan^a?d grade is for low-achieving pupils 
and higher grade is for high-achieving pupils. The two groups 
of pupils sit different ecxaminations at th© end of the year.

1‘wo groups of pupils were inter'(>'iew@d (1 SS,1 HS) aiad each 
consisted of four pupils of ®ixed relative ability 
(1 excellent, 2 average, 1 poor). They were interviewed after 
they had done the tolpic on eleotrochejaistry.
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(b) -of Bduoation Staadents.

■3#36c .

ii

T'^©s8 w®re froia Soweto College nf Education near 
Johannesburg. They were final year Physioal Soience students 
enrailed in a 3-year Secondary Teachers Diploma course. Two 
grcufs of five students each were involved in the interviews 
and they had Just completed the topic on electroohemioal 
cells. These students also wrote the pencJijuid paper test.

<o) l.s.t..-,-I.aar IB. M sidsMs..a.t,..AM. 
UBly.trgl __ Witw,ate.r.aiiaM.

ThesiS students aim to oomplete the BSc degree programme in 
f̂iSiiar years instead of the norpal th^oe year§. Entrance to 
the 'slow-stream' course is determined by interview and 
testing of pupils who have poor high school results 
believed to be caused by an educationally dissdvantaged 
background. Three groups of three students each were involved 
in the group interviews while the structured interviews were 
conducted with eight other students. ThjS students involved in 
the group interviews also wrote the test.

'SK



’**'■ r‘5 -

40

3.2.1 PrQ11 minary Inves11 ga11 oas.

At this stage of the research, it was not possible to(
prescribe the content of the interviews sine© this was to b© 
deterwinsd by the diffioultiss as they arose. The literature 
survey done in chapter 2, revealed that in general, learners 
experienced difficulty when required to give a qualita;tiv6 

interpretation of the processes which take place in 
©leotrooheaical cells (Allsop and Qeorg©, 1982j Airtley,1988). 
On the basis of these reports, and experience in teaching 
the toi»io, open-ended questions were designed.

i'-'

The aim of these questions was to elicit the interviewee's 
qualitative understanding of electroohemioal processes and at;, 
the same time allow for free responses that would reveal 
specific areas of difficulty. The interviews were oondJ^oted 
using simple experiments as the focus of discussion. It was 
decided that the following four experiments could forr' a 
broad base for the investigation of student perceptions in 
this topic:

%

\m«

(a) Experiment to show conductivity.
(b) Experiment to show movement of ions.
(c) Electrolysis of aqueous copper ohlosid® with graphite
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©leotirode®,
<d) The Dtni©ll oell.

Th© @xp®rioent® forp part of feh© standard 10 high school 
syllabus in Physical Soieno©. Each group of pupils was 
interyi©w®d on at least two of the four experiments (either 
(a) and (o) or (b) and (d)) as follows:

SG pupilss - experiments (a) and (o)
HG pupils “ experiments <b) and (d)
On© group of th© oolleg® of education students was 
interviewed as for th© S® pupils and th© other as for HS 
pupils. Th© first year university student interviews were 
as follows!t
group 1 - as for SG pupils 
group 2 - as for HG pupils 
group 3 - experiments (o) and (d)

Some of the misunderstandings th© students and pupils had 
were easily overoom® during the oourso of discussion and did 
not therefor© r@pr©sent misconceptions. Some of the 
erroneous explanations, however, appeared to be popular among 
a large number of students in all thre© oategories and kept 
on recurring ddfing disc'issions. It was '^hes© seemingly
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popular yet inoorreot explanations whioh v?er© of partioulat 
interest in this work. These interviews identified areas of 
conoern w! ioh ware investigated further in the interviews 
with indivi4^kl students.

The full interview lasted approximately fifty minutes. It was 
based on general questions and provided a non-intimidating 
ataosphere for the interviewees. The questions presented were 
of standard 10 level and all the students and pupils were 
expected to have a fair if superfioial knowledge of the 
content. The interviewees were asked to express their views 
freely. The fact that the interview was confidential and 
that the interviewer was interested in the student's views 
wiiether right or wrong, made this possible. : '

3.2.2 !Che,-£!̂ tailed Investitfat ions

O

A second series of interviews was planned which focussed on 
specific difficulties which arose during the preliminary 
investigations. They were conducttid in a similar manner to 
the group interviews except tî at they were based on specific 
core questions. The questions wrjre intended to find out the 
students' qualitative understanding of the aspects, 
identified as least understood during the group interviews:
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<a) Conduotion in the eleotrolyt©.
(b> Electrod® processes and terminology,
(o) Sleotrioal neutrality.
(d) Aspects relating to cell components.

An experiment ono© again formed th® basis for discussion and 
in this case two of the original four demonstrations were 
get-up; that is, the electrolysis of aqueous copper chloride 
with graphite electrodes and the Daniell cell. Half the 
interviews used the ©l&otrolytic cell and the 
other half the Daniell cell.

■r-

The emphasis was on how accurately or adequately the students 
could describe^ for example, ionic conduction in the 
electrolyte, in terms of the movement of cations and anions 
in opposite directions. In addition, an attempt was made to 
establish the students' reasons for presenting a particular 
explanation.

All the interviews were audio-taped, transcribed and 
analysed. Samples of the group interview and clinical 
interview transcripts are shown in Appendioeo A and B 
respectively.
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In addition to th® intftvisws, a pencil and paper test was 
administered as part of th© detailed investigations. As 
discussed in chapter 2, this method can also give in-depth 
information about students' perceptions. In this diagnostic 
approach, a series of different electroohejnical cell 
arrangements was used (Bradley and Brand, 1987). In addition, 
other cell arrangements were designed by the researcher, 
based on the misconceptions identified in the interviews. The 
cell arrangements included both examples and non-examples of 
electrochemioal cells. The hypothetical cells, that is, the 
non-examples, were designed such that they captured the 
students misconceptions graphically. Usually one of the 
cell o&wG^nsrits was modified. A copy of the test is shown 
in Appendix C.\\

O

o

Cell 4 (Appendix C), for example, is a hypothetical cell in 
which the salt bridge is replaced by a piece of graphite bent 
into the shape of a salt bridge, while cell 1 is an example 
of a normal electrochemioal cell without modifications.
The subjects were ';3quired to predict whether or not each of 
the cells would function if set up experimentally. The 
deflection of the ammeter would be an indication of a 
reaction oocuring. In addition they were required to give 
reasons for their predictions. By categorising these cells as
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examples o» non-®xanpl©s of el©otrooh©eioal oells, ajid gi’/ing 
reasons why, for ©xampl©, o©ll 4 would function or not, 
the students' understanding of the ooneeft x>f electrical 
neutrality and th® purpose of a salt bridge in a galvanic 
o@ll was ©stablishci.

3.t Phases JI and_III-~ Predoainaiis^— &nd-^aiibl,g-J,oaras.aL-a£

|v;

i

V;̂'"
...

These phases also oonsisted of a preliminary and a detailed 
ittvestigation. The preliminary investigation was based on 
tlhe inforaatiott obtained from the ;’,*.oup interviews while the 
detailed investigation ^as based on the inforaation obtained 
from the clinioal interviews and the pencil and paper test. 
In both the preliminary and the detailed investigations, a 
questiottntire was designed and administered to different 
categories of pupils and students.

r In the initial investigation, for example, a 10~it©m multiple 
ohoioe questionnaire was administered to the following groups 
of students non© of whom had been involved in the group 
interviews.

#
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(a) 0h.o.Q.l.J£jXBlla

k total of sixty one pupils. Approxiaiately half the pupils 
(31) were standard grade and the other half (30) were higher 
grade. They had ctompleted the eleotroohemistry topic in 
standard 10 at a TED school in Johannesburg.

(b ) I st Yasttr '* Slng-Rtrp.am ̂ Chemistry Students

Forty-twc students at the University of the Witwatersrand 
before and aft^r they had done eleotroohemistry.

(o> Chem.ijBj.txy..I l l ..S.t dis.

Thirty final year BSc. students at the University of the 
Witwatersrand.

(d ) Highe.g D.ipI.Qma-iR ,,,.Edui?ati,o,n...-....£Q.5±.gradu.at.e—

S'̂ udents

Thirty students enrolled for a postgraduate diploma (HDE-PG) 
at the University of the Witwatersrand. These were a mixed 
group of students who had previously done chemistry at 
different levels. For the ourpoises of analysis of results, 
two groups were identified among these students:
HDE (I,II) - 17 BSo graduate students who had don© only 1st 
or 2nd yenr courses.
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HDS (III,IV) - 13 BSo or BSoHons students who had done 3rd 
year chemistry or an honours (4th year) chemistry programme,

Further investigation involved the administration of a 20- 
iteo questionnaire to the following pupils and students.

(a) High...S0haol-Eup 11 s.

Thirty higher grade pupils aftir they had done 
eleotrochemistry in Standard iu at a TED school in 
Johannesburg.

<b) 1st Year 'Slow-Stream' Students

Forty 1st yeai* 'slow stream' students at the University 
of the Witwiatersrand before and after they had done 
©leotrochemistry.

3.3,1 C.pn.g,tr u,o.tlQiL .au,g i,,ti on n a,ix..ea

The f. onceptions held by the subjects involved in the group 
interviews were identified from the interview transcripts 
and incorporated in the lD“item multiple choice 
questionnaire (Appendix D). These were fixed ‘response items 
with five alternatives siach.
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The approach used was similar to that of Doran (1972) in that 

a (Question intended to highlight a oestain misconception 

included distraotors incorporating tha\; misconception. The 

nature of the distractor selected by th.̂  subdeot pointed to 

a possible misundersts-nding or difficulty.

f;-.

The 10~it©ra questionnaire revealed the range and predominance 

of misconceptions held by pupils and students at different 

educational levels. However, the questions (except question 1 

on conduction in the electrolyte), proved inadequate for 

giving insight into the possible sources of the 

misconceptions. For example, in question 4, which tested 

the understanding of the function of the salt bridge, it 

became evident in the individual interviews that some who 

chose the oorrv^ot alternative (e), could not explain 

qualitatively what electrical neutrality meant. For example, 

some thought that it meant balancing the number of electrons 

or negative ions with the positive charges in each half- 

cell.

By contrast, the 20~item. questionnaire (Appendix E), unlike 

the 10-item questionnaire, was more detailed and gave 

insight into the possible sources of the misconceptions. In 

this questionnaire each concept was tested using three
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different types of questions, that is, the multiple ohoice, 

assertion-reason and true-false types.

*r-

1 ;::̂
ii.

The assertion-reason and true-false formats were meant to 

supplement the multiple ohoioe type of questions and give 

additional information on the possible sources of the 

ffiiseonoeptions. A brief summary of how th© questions in e&oh 

section were constructed follows.

^eotion A -  Hul' liple  vllhoioe Qtiestions

These were constructed in a similaic manner to those in the 10

- item questionnaire but in addition, an attempt was made to
%

draw a diagram that captured the student^® misconceptions 

piotorially whenever possible. Questions 2 and 7 are 

examples of such a pictorial format.

Seofcion B -  ARsert.ion-Reason Questions

These are relationship-analysis type questions in which a 

statement usually called an assertion, is made in the left 

hand column and an explanatory statement, called a reason, 

appears in the right hand column. In this work, both 

statements were obtained from either the interview
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transcripts or the written test.

The first statement was usually a statement indicative of a 

misconoeption while the second was a reason given by a 

si;ud@nt or pupil in support of the particular view. The 

questions were designed such that they could yield more 

inforiQation on whether the misconception was itself firmly 

established or whether the reason was found plausible by 

the student. In the latter oase, the reason could contribute 

to reinforcing the belief.

Section C- True/False__au.est.lons.

This section required the subject to tJecide whether the given 

statement was true or false and, if false, to explain his or 

her reasoning. These statements were made by the subjects 

either during the interviews or in the test. This section 

was important in giving information additional to the 

objective question section.

For each area of difficulty at least three questions, aimed 

at finding out to »<.iat extent the student identified with 

the misconceptions, were constructed. The areas of difficulty 

and the questions which were set in each category were as
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air'
/.V  ̂ .

follows:

lonio and eleotronio oonduotion - Questions 3, 10 and 20, 

Eleotrode processes and terminology - Questions 4, 6 and 19. 

nieotrioal neutrality - Questions 2, 7^ 11 and 18.

Aspeota relating to cell coai>OBents a«id oell emf- 1, 5, t, i, 

12, 13, 14, 16, 16 and 17.

3.3.2 falidation.^__Sa.e.atijmfljiiigjs. ^

\E'

Both questionnaires were subjected to pilot testing to 

deteraiine whether the instructions and the items were 

understood for the leyel of subject for which they were 

intended.

The 10-item multiple choice questionnaire was validated with 

high school pupils involved in the group interviews, while 

the 20-item questionnaire was validated with a ^troup of six 

college of education students of mixed abx’ / (2 poor, 2 

average and 2 excellent). These students were specifically
//

selected with the help of their teacher for this purpose on / 

the basis of their class marks.

The pupils responded verbally to each item in the 

questionnaire. The students responded in writing and
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this was followed by a verbal disoussion of their responses.
'.

The discussions held with both the pupils and the students 

were audio-taped for subsequent reference.

During the discussions the sujjeots were spe''l-idlly asked 

if they had any problem with understanding the questions. 

They were also asked to comment on their ability to a swer 

the questions eorreotly. The olass-teaohers of both groups 

were ali?o requested to comment on whether the questions wer®
s'; ;

appropriate for their pupi”®! or students. They agreed that 

they were with slight modifications. On the basis of the 

subject^responses and the comments of the teachers, some 

questiofis were modified for charity.

3.4 Phase IV - Development and Application of an. 

Instruotional Method

The misunderstandings lilentified in phase I, especially from 

the individual interviews, provided a basis for the design o 

an instruotional method. From the outset a decision had to b 

made on the subjects who would be involved in thie phase. Tt 

was decided that the first year and Ht_ students at oho 

University of the Witwatersrand would be the most suitable 

for this purpose. It was unlikely that high schools would
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approve this investigation to be oarried out among their

pupils. 1  "M ia because at the tlias this method of teaching
\ /

waK to b@ implemented, many high schools would be preparing 

ta write final year examinations. As a result, their teaohers 

wet# iEpeoted to be reluotant to give up time for this type 

of ihWftigation as many would be more interested in revising 

the year's work.

The design and applioation of the strategy had to fit into 

the first y*ta3? dejpartaental teaching programme. This Implied 

that there wfKt a number of limitations whioh had to be taken 

into aooount. These were;

<a) The teaching method had to fit into available teaohJ.ng 

periods and tutorial seggions and meet already presoribedL 

learning ob4@otivtfS,

(b) ”he teaching method had to be imp liftmen ted by the regular 

course lecturers.

<o) The department cf chemistry offers a number of paraxlel 

first yfta'*' courses for students of different abili'^y. It was 

therefore necessary to matoh these classes as closely as 

possible. This was done by using the class marks baied on 

three tests and the June ejc&minations.
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In view of thd abo^i^ limitations, it was deoided that 

there was a n©@d to provide a basis for oomparison of th© 

©xperiaental and oontrol groups. This was don© by providing 

prittted notes fo3̂ the students and lecturers. These notes 

w w e  ba»©d on th® presoribed learning objectives.

'

The d»gigrt and applioation of the teaching m<sthod was don® in 

•IfiSO. The teaohing method was applied to the following gro?ips 

of students to aseess its effectivenessi

Twenty-seven students were randomly divided into an 

experimental and a oontral gr©up so that there were 

approacimately equal numbers in each group. The experimental 

group was taught by the researchsc while the control group 

was taught by their I'̂ 'gular lecturer.

(b) 1 s t Year students (Chemistry 100 and Chemistry 101 

SjaiiisniLa)

These were two groups of high ability students 

who study oheaistry as a major subdeot, @n average these 

groups are of similar ability. The Ghemistry 100 students 

were the control group (fifty-eight students) while the

bi.'
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Chemistry 101 students were the experimental group (fifty- 

two stutiftts).

(o> jULti.-y-e.ag-i.t.u.de.n.t.s C..C.hfiig.tx.y-.11.0..and -Cheaistry, 111-

These students study o’rsmistry as an auxiliary course and 

they also are asually of similar ability (but different from 

the Ghimlstry 100 and the Chemistry 101). The Chemistry 110 

w«,s thi ©antrol group and ofe'iiprised forty-three students 

while tht Ghemistty 1 1 1 was the experimental group and had 

elghty^twn ̂ »tud#nta.

(d) Students

Thirty students were ia^lved. The ©ontrol group had 

eighteen students while the experimental group had twelve 

students ̂

3 .4.1 HayjglaRiaan t.o f...the..Teaoh lng-llQ-t.li,Q.tl

The aim of compiling the teaching and learning »at®rial 

was to help students organise and systematise their 

qualitative and tuantitative understanding of eleotrochtaiioal 

prooesses as well as help them ©veroome their
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misunderstandings. In order to achieve this, it was decided 

that a set of carefully written notes and instructors notes 

was indispensible. The following procedures guided the 

development of the teaching material,

(a) Previous Research on Instructional Design .

The material was compiled taking into account recent research 

findings (discussed in chapter 2 ) on the development of 

teaching projrams aimed at alleviating misconceptions. An 

effort was made to apply the guidelines >?ii instructional 

methods ,»hich are successful in helping learners to acquire 

scientific concepts. The basic paradigm as indicated in 

chapter 2 , was that of constructivismj that is, learners 

should be given an opportunity to construct their own 

knowledge.

(b) l^aat Experience aad Misconceptions Identified

In preparing the notes there was need to reflect on our own 

experience in teachiiig the topic. An attempt was made to 

identify thosa a.r^&a likely to be confusing to students.

For example, inconsistent terminology. In addition to this, 

the design took Into account the misconceptions identified 

during the interviews as well as the ideas of people who had

• j‘a. 1-1-
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previously reported research in this topic. ''
'' \

\

3.4.1.1 The Content of the Student Notes '

Th© notes, the only ones given in the lectures, were given to 

all students.. They oonsisted of five worksheets and were 

plarmed in such a way that they would b© of benefit to 

students in both the experimental group and the control 

group. The notes were written in reg'ponse to students' 

difficulties identified during the interviews and to dispel 

the apparent mystery surrounding th© processes which occur in 

eleotrochemioal cells. To achieve this, there was need to 

identify the factors which may have given rise to the 

V  difficulties, ©specially in textbooks. One would

%  specifically look for possible gaps in knowledge and

weaknesses in the presentation cf subject matter.

The following are some of the major weaknesses identified in 

^  some first year chemistry textbooks:

0 (a) There is little or no emphasis on similarities and

differences between a redox reaction which takes place in 

ordinary chemical systems isuch as a beak J»r test-tube and 

that which takes place in si cell. As a *ult, in many cases

tha pi^ssentation does not start from what the student is 

already familiar with.

9
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(b) The physical construction oC the galvanic o©ll is not 

adequately addressed so that a galvanic cell is presented 

without reference to why for example, the reactants have to 

b© seiparate or why a salt bridge is required.

(c) There is inadequate discussion of miorosccpic processes 

which take place in the different components of the cell.

In the light of these weaknesses, it was felt that it was 

iieoessary to deviate from the traditional presentation by 

making the oontent more coherent. This was done by 

structuring the subject matter and linking together related 

concepts. In addition, an effort was made to oaptur© 

attention with, for aAa.mple, key questions* objectives and 

demonstrations. Special attention was also given to the 

correct use of language and terminology. direq^. reference 

was made to misoonoeptionsj although care was taken to write 

as explicitly as possible in order to avoid fostering known

* misconceptions. Each worksheet contained the following:

Key conc'SDts ~ These were simply statements of important 

scientific ideas addressed in th© worksheet.
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The obieofcives - These were meant to delineate clearly to th® 

students what they were expected to know and be able to do 

when thf>y had completed their study of the worksheet.

Intr.ftdiiotion - These were introduetoey remarks on th® content 

of the wotkish^et.

EaaltL-acientifio information - This appeared under various 

sections depending on the content of the worksheet. A 

dtfliberate attempt was made to clarify possible areas of 

confusion without direct reference to misconceptions. 

Preliminary questions and/or invitations to predict were 

also presented as a way of introducing a particular 

section, where appropriate. The questions and predic-tions 

were to stifflulate discussion among the students &.nd create an 

opportunity to be actively involved in addressing and 

oonir'ronting their pre-oonoeptions.

The first worksheet provided the student with a general 

overview of the topic. In this worksheet learners were 

introduced to the relationships between current electricity 

and ohemiob.i reactions, as well as the terminology used.

Worksheet 2 served as an advance organiser for subsequent 

worksheets. The assumption of this worksheet was that, in
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ordoj? to understand electroohemioal ptooesses, students

would need to know th© similarities and' differences

between reactions which take plao§ in ordinary ohsai^/al

systemii and th© corresponding ones which take place in an

electrooheaical systeia (cell). The approach was to sstart
ii ■ • . 

with what the students alreadV knew about redox reactions in

ordinary ohemioal systems. Tihat is, such reactions involve a

t1?ansfer of electrons apd h W e  a ttoichiometry, a Gibbs free

\ energy change and a rate. Redox reactions which take place

in electrochemioal cells are siailar, that is, they also

involve electron transfer, have a stoichiometry, a Gribbs free

energy change and a rate. Having emphasized that the

reactions in the tw,o systems are the same overall, there

was need to point out the differences and consider the way in

which the reaction takes place in a cell in greater detail.

The difference is that in ordinary chemical systems, electron 

transfer takes place directly on atomic contact and most of 

the energy release is observed as h^at, In a cell by 

contrast, the ehergy of the reaction ia released in part as 

electrical rather than thermal energy. Thus in galvanic 

cells, chemical energy is converted directly to electrical 

energy. To achieve this, the reactantiS have to be kept 

physically separate so that electron transfer can take place
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at a distance. The role of the different components of

eleotroohe^itiioal cells thus becomes important and these are
fi

also discussed in detail in this worksheet.

It was hoped that by discussing the components in detail, 

th© students would be able to draw links between the 

rate of a reaotion and its stoiohiometry and the ammeter 

readinf on one hand, and the link between the Gibbs free 

energy ohanfe and the voltmeter reading on the other hand, 

fhe aim of this worksheet was also to show how these links 

were developed in the rest of the worksneets. Thus worksheet

3 disousse'*' eleotroohemical stoiohiometry and rates of cell
\\ '

reactions! worksheet 4 * the thermodynamic driving force of a 

cell reaction and worksheet 5, the mieroscopic processes 

which take place in a cell.

In worksheet 3 an att^.npt was made to explain the 

relationship between the rate of mo'/e^snt of electrons in the 

external circuit and the stoiohiometry of a cell reaction.

Th© students attention was drawn to the fact that in 

electrochemical stoiohiometry, they have to think in terms of 

a mole/charge relationship instead of the mole/&ass 

relationship used in chemical stoiohiometry. The ammeter 

reading indicates the rate of the reaction (A=
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In worksheet 4 there is a discussion of the following:

(a) The relationship between the voltmeter reading and the 

thetmodynamio driving force of a reaction and the qualitative 

interprsstation of half “reaction equations.

(b) The issue of polarity of electrodes;, where the position 

is taken that this terminology is both unnecessary and 

confusing and should be avoided. Tire? terms positive and 

negati'«f@ are not used: instead cathode and anode only are

used

(o) Th^\ term electrode potential, and the confusioh %hat can 

arise the imprecise use of he word electrode. i\SoiaetiBieg

it is v0®d to refer to the entire half-cell while at other 

times it is used to refer to a piece of metal only. The use 

of the terms oxidation and reduction potential is therefore 

recommended. This also serves to reinforce the concept that 

the overall reaction is the sum of an oxidation half and a 

reduction half - an emphasis normally given to discussion of 

redox reactions in ordinary systems. (

(d) It was felt it can be confusing to students to 

refer to an oxidation half-reaction yet associate it with a 

reduction and not an oxidation potential. Although it was 

acknowledged that by international agreement, reduction 

potentials are tabulated ard used, it was felt that
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there was real advantage for beginners in using the tera 

oxidation potential in refsrenoe to an oxidation half- 

reaotion.

Worksheet 5 dealt with the microsoopio processes ^thich take 

plaee in ©lectrooheaioal cells when they operate. Having 

established the significance of the construction of the cell, 

it was iapo-^tant to take a closer look at the microscopic 

preoesses which take place in the different components. The 

aim of this worksheet was to show how the processes which 

occur in the electrodes and the wires link up with those that 

oocur in the ©leotrolyte and in th© salt bridge in the oase 

of galvanic cells,

3.4.1 .2 .IfQiLaa

The notes which were given to the instructors of the 

experimental groups only, emphasized the microscopic 

processes which occur in electrochemical ceixs ai;.d 

highlighted the misconceptions that had been ider'tified.
m

There were notes on the worksheets, divided into three main 

sections as follows:

Key ooroepts - These were identical to the ones in the 

student worksheets.

t/f
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Eredoiainant migQonoeptions /_diffioulties - This was a list 

of the ooaiaon misconceptions identified during the interviews 

and those identified by 'tther researchers.

Sien3j.aI-,fc.eaoh3.ng-aejp.rfl.ao.l3-AatL.auf?gas.t.sd-me.thQd.5 . a t .

alleviating the misaonf .̂r,tiQns - This s&otion contained some 

general r'^marks on how to approach the teaching of specific 

aspects in a particular worksheet and what distihcTidns had 

to be emp}' .sized. Methods of alleviating the prevalent 

misconceptions were also suggested. In most cases thid 

involved performing a demonstration. The demonstrations were 

Selected from "Chemistry and Electricity" (Bradley and Brand,

1986). This is a booklet prepared for high school teachers of 

|,v Physical Science in South Ajp: !  ̂ > aid them in addressing

some electrochemical conce]^* , ad alsa to help them correct
. .r

some misconceptions which had been identified by research at 

that time.

if

It was suggested to instructors that th© demonstrations could
#

be more interesting and effective if students were allowed to 

predict the outcome first and their predictions were tested 

by experiment. If their predictions were not correct, t̂ «̂ y 

^  would become iforcefully aware of their erroneous pre­

conceptions and could ask appropriate questions. The answers
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to these questions could help alleviate their difficulties. 

Some of the experiments were suitable to be carried out 

in thd context of a lecture. It was suggested that the 

others should rather be done during tutorial sessions.

A set of student's notes atid instructor's notes'ars included 

as Appendices H and I r^^spe6tive!ly.

3,4.2; AmP-li.s.at.ioJi

To determine the effectiveness of the teaching method, three 

experimental situations were arranged. These were:

1. To deSeraine whether or not there was any difference
I’-'

in tb^ performance (in the post-test> of students who were

taught using both the student's notes (worksheets) and the 

instructor's notes as ogsposed to those who were taught using

the student notes only. This was done with the 1st year 

students.

2. To determine the effectiveness of teaching from the notes

only compared to toeahing without the notes. This w r B; done by
• /'

comparing the performanoe of 'slow-stream' students jbvolved

0  in phases II and III ( taught without notes) and the Control

group of 'slow-str@aai' stud'^nts involved in phase iVv^tfiught
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from the notes only).

3, To determine whether or not there was any difference 

between the pre-test and post-test marks of students aft^r 

studying th© notes on their own. Although this was th© 

original plan, a different approach had to be adopted as it 

beoame evident that not all the students studied the notes. 

This alternative plan is discussed under situatton 3 in the

application of the method below. The HDE (P-G) students were
1 .

involved in this investigation.

In situation 1 th© method was applied as follows:

(a) All the 1st year students involved in the r©s«aroh, as 

well as their lecturers, received a set ot the student notes 

comprising five worksheets. Thv.̂  lecturers were requested to 

teach from the notes to ensure oonsistenoy in the teaching of 

the topic.

(b) The lecturers who taught the experimental groups received 

instructor's notes in addition to the student's notes. They 

were requested to implemisnt thft teaching approach suggested 

in the instructor's notes.

<c) All the first yef,r* students were pre-tested on their 

knowledgo on specific pre-requisite chemical and electrical 

concepts before they started th® lectures on
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eleotroohemistry, The aim was to ©stablish whether or not the 

students had the required knowledge before starting the 

topio and also wheth*'" , the experimental and control groups 

were comparable in this respect. The pre-test consisted of 

multiple ohoioe and fill-in questions (Appendix F).

For the purposes of testing the success of the teaching 

method, a tljirteen item post-test (Appendix G-) was

administered four weeks after they completed ths
//

eleotroohemistry lectures. It was derived from the 20-item
'V̂

questionnairis with the following modifications:

(i) Unlike in Iĵhe 20’“-item questionnaire, each concept was 

tested using either one or two questions and in addition 

there wer® questions investigating the concept of half-cell 

potentials. Efforts to interview high sohool pupils on this 

latter concept, as mentioned in section 3.1, were not 

successful and these questions had therefore been considered 

inappropriate for high Echool pupils.

(ii) Section C (true/false questions) was omitted and

therefore the questions were all of eitheir the mu^,tiple 

choice or assertion-reason type. These modifications were 

adopted primarily because of time constraints,

(d) Except for the slow-stre&m students, each group



(Chemistry 100, Chemistry 101, Chsaistry 110 and Chemistry 

111) a.tt®hdsd ®lx SO-minute Itoture periods on© of whioh 

was us®4 for a pre-test. Saoh group of the 'slow-stream' 

stud©nfcs atten4«d »ight 50-minut© lectures, on© of whioh was 

us©d for » pr®-t®st.

In fitwi-tion 2, a oomparison of the post-test results of 

first year ‘s3.pw gtrsaia' students involved in phases II and 

III and in ghas© IV was done. This oomparison was don© by 

oomparin^ tha perforaanoe of the students involved in phasfe 

I?, that is, thpse who received printed notes only, and the 

gfeodents invo3.ved in phases II and III, that is, those who 

did not r«oeive printed notes. J'h oorjparison was don® on 

seven lue^tions whioh were'■us&d in pha#«as 11 and III,,, antf also 

In phase lY.

In situation S (involving the KDE (F-G) students), the 

approach adopted was different. Unlike th© ChemiRtry 1 

students, only the notes were provided for self-^study tad no 

teaching was done. They wrote a pre-tssv and were given 

four weeks to study the notes after whioh they wrote a post­

test. The pre-test and the post-tsst were th© sa®©, and 

similar to th® post-test wr...wten by the first year students,
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At thm tia«‘ iwJRt-^teat was aAminlgtsapis^, howm^mwi mwrn of 

th® sttsaite'fcii i M i e a t M  tlt&t tlssy a®t tti® aa-fe«s.

la tlt« l i ^ t  of this r«v®l«tti©n, all studaats w«r« rei®u«at»d 

t« on tli#4r '.answer sb®®tsi ■vimth&r tltey b««4 studied

the noises or riot, Ob  th^ %A«iB of tMsi th«y were dividted 

iat^o a& itxi>«rii»at*l group that is, those who stmdi»d the 

»#!#« ^«4^hteea)- axed a oscmtrttl that' I's ‘thoa-i who did

©©t irtittdT the &#t«* (twelve)* This wem differe»tj_^ from th® 

plaia wliieh Waa ti3 t««t all stmdw^fcs o» whethe:^ 

thews w&sr aay dhattge in -ehei** Goa^e^tions aftei stmyimg the 

© t i ' ^ o w a . ' ■
I . . I ■■ ■I r'.  ̂ -
i

: all as&f'UBt the data axj^lysed v?a» f©** aubjects who
' V . . /  ■

were present fos* both tlw pa?®~tejst and post-teat. All the 

tuestionnairea w&re then loarked aad analysed and the J?e»«ilta 

wet« pro-oea3#d ^  ths A stwttas?̂  of the gi?onps

studied as well as tJxeir siaes aoJ i®Lgt3ai*w«nt» ws»d in the 

difftreat phan-eis'-'of th^ »tu4F i«. iia Api».#»d,ix J*



CHAPTER 4

RISUITS AND DISCUSSION

P-'

Ip,' chie ohapter th© findings of th© four phases outlined in 

chapter 3 ar« repotted and discussed.

f.l /. fhasrt.1 - IdentifiQatioia

-■ '^^S)tions held fey th® subdeots involved in the j|ro«p
(I

ihl Interviews were identified frop the
/

f  V/. • >>v the detailed investigations, m.iso,onoep.t:ions

were also vrsc’̂itiMijad from the responses to the written test.

A dets'iled av'^ount of how th© Interview transcripts and the
(/

written test were analysed is given below.

4.X.1

,1

This involved the identification of non-soienitifio 

propositions or explanations used by the subjects in an 

attempt to give a qualitative description of th© miorosoopic 

processes which take place in operf*ting ©Isctroohemioal 

cells. The following exoerpts from th© group and individual 

interviews illustrate how the misoonoeptions were identified.
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In the extracts quoted from individual interviews, the first 

letter indicates th© educational level of the interviewee, 

that is, H = high school, C = college of education, U = 

university. The next two letters indicate the initial and 

surname of th© student or pupil and I refers to the 

interviewer. The number refers to the interview number and 

the line in the interview transcript in which the response 

apr^ared. In the group interviews, P1.P2 etc refer to pupil 

i, 2 and so x / while SI, S2 etc, refer to students 1, 2 and 

so on. Only a few episodes incorporating the misconceptions 

are quoted here. The full transcripts appear in Appendices A 

and B for the individual and group interviews respectively.

The following excerpts are from interviews with a gro.ip of 

high school pupils and a group of college of education 

students respective IS’.

H.l£h- Sg.hQ.Ql... Eup.ila.

SQ,t--=Up_.̂ -_Exp.eriment to Show Conductivity

2.0 I: What does the glowing light indicate?

2.1 PI: It shows that the circuit is complete and
there is a flow of current.
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2 .2 I: What would you say current is?

2.3 PI: .flgn thro,u^Ji-tha,.aalu,LlQiL-Ao.-.tM

0.t.h.e.r. aldjs— Q £ the o i rqu i t .

2.4 P2 ; Ions, positive or negative.

2.5 I: One of you talked about ions aitd the other

about electrons, there are the electrons

BOViRg?

2.0 P2: the. ,solvili.ojii.-andL 

d.issj>.aia.t,e...the.ions
/i

t,Qwfc.hg.-..:S,fe,bgx.,,,.&id.e.

@.5 It tih&t its th« function V;Of a salt bridge?

If

6.8 SI: I think its function is ^o transBOrt molecules. 

' from one half-oell to the other.

6.7 S3: I tkink it is to ensiiae that one half-cell is 

teoslM^.and.janother is negative

6 .8 . S2; I think it is to maintain eleotrlaal i 

neutrality.

8,8  I; What does maintaining electrical neutrality 
mean?
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6.10 S2: IJ;iMnk.,J.-t-jagafl,s,proYiding ngutral, el.em,&n±.s_J:;£L

In these ©xtraots, tlie underlined statements represent

possible misunderstandings. Both high school pupils, ioy;

example, seem to think that fre© electrons ar© found i?/;

solution and that they break the ions into positive and

negative charges. Although pupil 1 appeared to have the 

oorroot conception initially, the explanation he gives in

line 2 ,8 shows that he does not in fact understand.

The interview with oollege students also shows confusion 

among the students this time in relation to the salt bridge.

A summary of the areas of prevalent misoonoeptions identified 

from the group interviews is giveft in section 4.2.1.

The following extraot« ape from individual interviews with 

two first year 'slow-stream'students who were unable to 

distinguish between eleofronio and ionic conduction and 

electrical neutrality respectively.

U.JB - Electrolysis of Aqueous.CuCla

12.6 I: What happens to the electrons when they reach 
the electrode?
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12.1 S; Th©y <©l®otrons) go through the solution. Fro® 
the battery, into the conduotor and to one of 
the 8i©©tri5d®s,

sleotroAa and .than b.aok to th^ b&tters-..

U,MD Cell

f .5 li What does a salt bridge do in this

* 'i arrangeajent?

. Ss It maintains ©leotrioal neutrality.

8.7 It Can you ©xplain what you ia©an by ro«intftinlng 

. ■; ,:;8;l®ot^iQai ntutr&Wty ?.

8.S;3i that.^thara-,,a3i© njD-,.moK^,^^Jst^ns

• ■ .

In th« above transcripts of U.JB â .d U.MD, tht underlined 

statements were identified aa indicative of alternative 

fraiueworks or misoonoeptions regarding ionio conduction and 

electrical neutrality respectively.

Sometimes different students gave several explanations for 

the same proooss. For example, in desoribing ionio oonduction 

the follo-wing explanations emerged :
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Conduction in the electrolyte is due to ;

(a) electrons moving through the solution attached to 

ions. /

(b) free electrons moving from ion to iaa in the electrolyte, 

(o) fra© electrons jnoving across from one electrode to the 

other.

4.1.2 is...Fen.o.iI and PaRer -I.e.gt -(.Sge.

As in the interviews, it Fas the pupils’and students’non- 

scientific explanations which were of interest. The students* 

responses wiere discussed with them to determine whether their 

responses were a true reflection of their understanding. Some 

of the responses yielded very little information. For 

example, some students gave vague ©jcplanations and it became 

evident during discussion that they did not have a firm basis 

for the reasons they gave in the test. Some were obviously 

guessing and their responses were classified as indicative of 

lack of relevant know/tedge, rather than an established
H

misunderstanding.

Responses of a college of education student, (C.TM) who 

displayed gross misunderstanding of the purpose of the salt
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bridge and the mioroscopio processes which take place in it 

when the cell operates are shown below:

Cell
Arraxiijeatent

Will a Reaction 
take place? 
(Yes/No)

Yes

Reasons

There is a salt-i5ridge, 
It allows electrons 
to pass from one half­
cell to the other

Yes
Copper will serve as a 
salt bridge to 
complete the circuit 
and there is a 
transfer of electrons

Yes The battery will 
supply electrons which 
will break th& 
solution into ions

Arrangements 1, 2, and 3 were as follows

1
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V
i'* ■ .•e

-
SIP-

It
0

.— -CuClg

A and B are graphite electrodes

A

From the responses of C.TM, it iss ©vident that he has a 

misconception regarding the purpose of the salt bridge and 

the nature of the electrolyte. The two misconceptions 

identified here are;

(a) The salt bridge allows electrons to move' from one half­

cell to the other.

(b) Current breaks the electrolyte into ions.

An inventory of these non-scientific explanations, identified 

from the interview transcripts and the test, was compiled. 

The misconceptions identified frow the written tost 

corresponded closely with those from the interviews and the
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same rang© of misoonoeptions was found at different 

educational levels.

4.2..Phagea„XI and III.-- Pred.aminanoe and, 

of..M.isoono9B.tigna

,jr

In tbese two phases, th@ responses of the subjects to the 

the lO-item siaestionnaiEe and th© 20-item questionnaire are 

reported. From the 10-item questionnaire, the patterns of 

Misunderstanding were elicited. This questionnaire could 

not, however, give insight into the possible sources. The 20- 

item questionnatrel derived from the detailed investigation, 

W8.S used to determine the possible causes of the 

misunderstandings. Section 4.2.1 gives a summary of the 

pattern of responses from the preliminary investigations. 

Section 4.2.2, gives a detailed account of how the 

predominance and possible causes of the misconceptions were

determined from the 20-item questionnaire.
/;■

4.2.1, The 10-iteia Multiple Ch|Oice Questionnaire

In this section, the items which revealed the areas of 

concern which required further investigation are discussed
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The discussion focusses on the prevalence of the 

misunderstandings among the categories of subjiects involved 

in the investigation.

4.2.1.1 ls±dia,o.t.o.f.Ereya.l9a±.,EiB.aan.G.iBP..tiQn,a.f r.om, if io,

Qa.aat..lQnnairA„It.sm.e.

The choice of certain alternatives in each item pointed t a 

possible area of difficulty. The following emerged as areas 

of concern.

(a) oonduotion in the electrolyte.

(b) electrode processes and terminology. ■

(o) electrical neutrality.

<d) cell components.

The percentage of subjects who chose each alternative in a ' 

particular question is calculated on the basis of the number 

of subjects who responded to bh© question. Consider question

2 (page 82). Only twenty-nine of the thirty-one Standard 10 

<SG) pupils answered this question while all thirty of the 

Standard 10 (HG) answered this question. The percentage of 

t.ie Standard 10 <SG) pupils choosing each alternative is 

therefore calculated out of 29 instead of 31. The percentages 

calculated in Tables 4.2 - 4.7 are also oai^ulated on the 

same basis. The percentages obtained were all rounded off to 

the nearest whole number.

Jr.
*<>

I
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Five items which illustrat© 1'he prevalence of misconceptions 

in t|je areas identified above, are discussed in detail belo^^. 

Question 1 <c) correct

In an eleotroohemical cell, conduction through the 

electrolyte is due to:

(a) electrons movini through the solution attached to 

the ions,

<b) electrons moving from ion to ion through the solution 

<c) the moveBient of both positive and negative ions.

(d) the ĵ itioveioent of water moieoules.

(e) ©lectroni moving across through the solution from 

one electrode to the other.

The response of the subjects was as follows:

% Choice

Subjects (a) (b) (0) (d) (e)

Standard 10 (SG,) 13 0 29 3 54

Standard 10 (HG) 3 7 50 0 40

Chem I (Pre) 6 6 49 0 38

Chem I (Post) ^ 12 0 38 0 50

Chem III 9 5 85 0 21

HDE <I,II) 5 8 50 0 37

HDE (III,IV) 0 0 100 0 0
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This guestlon investigated student conceptions on conduction 

in the electrolyte. The misconception that electronss conduct 

current was predominant and present in all categories of 

subcjects. Different subjects tested, however, had different 

intepretations of how electrons exist in the electrplyte,,as 

shown in the summary of the responses above. Of these, 

alternative (e) was the most common.

f

m

^ Note: A pre-test and a possttest was givan for the Chemistry

I students. This was the only group for which both a pre-test 

and a posttest could be administered. They had previously 

clone el&ctrooheiaistry at high school and at the time the 

investigation was being oonduoted, they were to start the 

electrochemistry section at the first year level. It should 

be noted, however, that at this staB^^of the investigation, 

the aim was to establish whether misa'inoeptions were present 

or not rather than the effect of the teaching method used.

The origin of the differences in the pre-test and the 

posttest Gcores does not therefore justify detailed 

consideration. In questions where the posttest scores were 

lower than the pre-test scores, this may be an indication of 

an unreliable question or the teaching for whatever reason 

could have fostered misunderstandings. Since all questions 

were found suitable for the level of subjects for which th^y 

were intended (see Section 3.3.2) it appears likely that the
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teaohing-learning situation could hav© fostered some 

misundertstandings.

QH.as,t..iQ.n.„ g. (d) correct

Which of th© following statements about what happens during 

electrolysis of aqueous HaCl solution is CORRECT?

<a) Electron® are taken out of solution and react with th»

Na-*- ion®,

(b) At the negatiy® eleotrodej electrons are repelled and 

they are attracted to th® positive electrode through the 

solution,,

(c) Crystallizlition of sodium ohlorid© occurs at one 

electrode.

<d) At the anode chlorine gas is giveti off while at th© 

cathode hydrogen gas is formed.

<e) Clogging of both electrodes ocours due to crystallization 

of sodium chloride.

The responses to this question were as follows;

% Choice

Subjects (a) (b) <c) (d) <e)

Standard 10 <SG) 28 28 10 35 0

Standard 10 <HG) 10 43 10 20 17
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Chem I (Pre) 

Chem I (Post) 

Chem III 

HDl (I,II)

HDI (III,IV)

(a) (b) (c) (d) (e)

8 50 5 38 0

8 85 0 27 0

4 21 13 58 4

0 44 35 21 0

15 15 0 62 8 •

9

This item investigated the understanding of electrode 

processes. Some of th© alternatives may seem straiî ê, but 

they originated from spontaneous interview comments. The 

predominant misconception was that electrons in the 

electrolyte are repelled at the negative electrode and 

attracted to the positive electrode through the solution. 

This misconception is closely related to that revealed in 

question 1 and points to the failure to understand 1?h© site 

of electroAe reactions and the source of electrons in 

electrolysis. The choice of this alternative further 

indicates a possible confusion which could be emanating from 

the terminology positive and negative electrode.

Alternative (a) also implies the existence of free electrons 

in the electrolyte. It may be a less popular choice than (b) 

because it suggests formation of sodium metal in an aqueous 

medium which they recognise as incorrect.
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Que.stion A  (d) correct

The battery used to operate an electrolytic cell :

(a) stores electrons until they are ready to flow.

<b> supplies electrons which dissociate the ions in 

solution.

<c) supplies ions to the electrodes.

<d) supplies electrons whioh come from a chemical reaction in 

the battery.

(e) supplies electrons to the electrolytic cell where they 

are used up,

% Choice

M

Subjects (a) (b) (o) (d) (e)

Standard 10 (SG) 10 19 16 20 35

Standard 10 (HG) 7 17 13 47 20

Chem I (Pre) 10 22 5 48 15

Chem I (Post) 0 8 4 85 23

Chem III 8 8 5 54 25

HDE (I,II) 14 21 7 43 14

HDE (III,IV) 0 8 0 84 8

-m

The subjects had a number of conceptions regarding the 

function of a battery iri an operating electrolytic cell. Most 

of them thought that the battery only supplies electrons and 

does not receive them, that is, the electrons are used up by
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a

the cell. This finding is similar to that of Fredette and 

Loohhead (1980) on student conceptions of simple oirouits. 

They found that most students enter university without a 

clear understanding of the 'passing through' requirement, 

that is, whenever an element is part of a circuit the device 

must have an 'in and 'out'. The conception revealed here is 

that students regard a battery as having an 'out' and not 

'in', that is electrons are supplied and not received.

* * ' 'C

i f

9

Alternative <b) was also a good dist\^actor. The choice of

this alternative may be seen as oonsistent with the idea of

electrons being used up (choice (e)). In only one group (HDE

(III,IV) does the total choice for (b) and (e) fall below

30%.

Question 4 (e) correct

The function of a salt bridge in an electrochemicsl cell is :

(a) to attract ions in solution

(b) to transport molecules from one half-cell to the other.

(c) to make the reaction proceed faster.

(d) to ensure that one half-cell is positive and the other is 

negative.

(e) to provide a means of maintaining electrical neutrality 

in the two halves of the cell by providing ions in a 

mobile medium.
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X Choice

fi''

Subjects 

Standard 10 (SG) 

Standard 10 (HG) 

Chem I (Pre) 

Chem I (Post) 

Chem III 

HDE (I,II)

HDE (III,IV)

(a) (b) (c) (d) (e)

6 35 10 16 33

20 30 0 10 40

3 35 3 0 59

0 31 4 0 85

4 13 0 13 70 ■

10 27 10 10 43

0 8 14 0 77

?•

All the distraotors in this question attracted some response, 

especially from th© high sohool pupils, indicating widespread 

uncertainty about the function of the salt bridge.

Alternative (b) was the common distractor. From the 

interviews, it was evident that some subjects interviewed 

could not distinguish between molecules and ions. This could 

explain the popularity of this alternative. Considering the 

emphasis given to ions and aqueous solutions in the school 

Physical Science syllabus, it is remarkable that a 

distinction between ion and molecule should be problematic.

(b) correct

In a galvanic cell the following occurs:

(a) there is a flow of both electrons and iofts through the 

solution from one electrode to the other.
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(b) there is a flow of electrons from one electrode to the 

other in the external circuit.

(c) the ions movs through the wires from one electrode to the 

other.

(d) there is a flow of ions and electrons through the wires 

from one electrode to the other.

(e) there is a flow of electrons through the wire connected 

to the anode and a flow of ions through the wire 

connected to th® cathode.

% Choice ■. V.

Subjects C&) (b) (c) (d) (e)

Standard 10 (SG) 18 35 19 22 8

Standard 10 (HG) 16 50 10 16 7

Chem I (Pre) 27 91 1 2 , 5 5

Chem I (Post) 12 69 11 4 4

Chem III 8 92 0 0 0

HDE (I,II) 29 57 0 7 7

HDE (III, IV) 15 85 0 0 0

The responses to this item show how deep is the confusion 

about electrical ou?;rent in the context of the operation of 

galvanic cells. The most persistent misconception is still 

around th© mechanism of conduction in the electrolyte, with 

the emergence of a new interpretation that both electrons 

and ions are involved. Even the external circuit is
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apparently a source of oohfusion with ?.ons being considered 

as charge oarrie.’s.

The misconceptions identified in the remaining five questions 

of the questionnaire (that is questions 5, 6 , 7, 8 and 9 in 

Appendix D) fall under the categories already identified 

above and confirmed the findings already discussed. These - 

questions are thus not discussed in detail. The predominant 

misconceptions identified fr:jm them are, however, briefly 

reffered to below.

Wrong answers to questions 5, 6 and 7, for exampl pointed 

to some misunderstanding regarding the terminology anode, 

cathode, oxidation and reduction. In general, the subjects 

were not sure which electrode is the anode and which is the 

cathode although the source of this problem was not clear at 

%  ' this stage. In question 8, the popular responses (b) and (d).

M l
also pointed to misunderstandings already discussed in 

questions 4 and 2 rlipectively. The choice of alternative

(b), for example, pointed to a misunderstanding of the 

purpose of the salt bridge while the choice of alternative 

<d) pointed to a misunderstanding related to terminology. The 

popular choice of alternative (b) in question 9, that is, 

redox reactions take place in the electrolyte, confirmed the 

finding that the subdects were ignorant of where electrode 

processes take place.



A summary of the overall performanoe of the subjeots involved 

in this preliBtna;ey investigation is given in Table 4.1 

w h . '© Table 4.2 shows the percentage of subjects choosing 

the correct response in each item.

Table 4.1

QveralL Percentage Scores of Different G-roups of 3ub.ieGts._.0Ji.

4.2.1.2 Aohieveaent on Questionnaire and.■EduoatiQnal Ifefa.I

SaBvTECTS.

Standard 10 (S&) 

Standard 10 (HG) 

Chem I (Pre)

Chem I (Post) 

Chem III 

HDE (I,II)

«DE <111,IV)

M

31

30

42

42

30

17

13

% SCORE 

43 

53 

55 

57 

72 

55 

79
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Table 4.2

Percentage of Pupils and Students.ChQQsing„T_h.e._CQr.rjB_at-

i = m

#;■

i ̂ •

Std.lO High school 
pupils

N = 61

Che® I HDE Chem III

N = 42 N = 17 H = 1? N = 30

N= 31 H=30

Item SQ m Pre Post (III,IV)

1 29 50 48 38 50 100 65

2 35 20 38 27 21 62 58

3 20 47 48 65 43 84 54

4 33 40 59 f5 43 77 70

5 71 63 5̂ ' 58 59 77 69

6 65 70 51 58 54 77 73

7 52 65 59 58 57 35 76

8 55 60 51 62 49 54 80

9 35 65 83 77 81 85 85

10 35 50 51 69 57 85 92

Tables 4.1 and 4.2 show that the laisconoeptions were pres(

in all categories of subjects who wrote the test.

All the concepts tested in the questionnaire form part of the 

Standard 10 syllabus in Physical Science. It is disturbing to
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.lote how littl© improvement in performance occurs between the 

last year of high school (Std 10 (HG)) and completion of two 

years of university chemistry (Tabl>?, 4.1>. The prs-testing 

and post-testing of the Chemistry I group, shows that one 

possible interpretation of this lack of improvement is the 

failuire of the teaching methods I;;© address the real needs of 

learners. Traditional university teaching takes little or no 

real oognisanoe of students' misconceptions and one suspects 

that the superior performance of the Chemistry III group is 

due to the eventual eliminatioii^ of students with 

misconceg>tions rather than fc'̂ /their successful remediation.

gl

The performance of the student teachers who had completed 

three or four years of university chemistry can probably 

be regarded satisfactory. However, those who had completed 

only one or two years of chemistry did not perform 

satisfactorily and displayed the same prevalent 

misconceptions as Standard 10 pupils. Although in theory 

these student teachers should not be assigned tK ■; teaching of 

senior secondary Physical Science (Standards 8-10), it is 

likely that they will because teachers qualified to do so are 

in short supply. Clearly this tends to maintain the 

unsatisfactory status quo. Although the college ef education 

students who were interviewed did not complete the
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qu © s tionnair©, th® interviews sugg®5»'̂ ' that a siiailar 

unsatisfactory s.ituation ©Kists in this rout© to th© 

preparation of teaoh®rs of physioal soieno©.

The iaisoono@ptions found here w©r© investigated further in 

,h® 20-it@m guestionnair© to finu their possible sources.

4^2.2 Vhe 20 -Item auestlonnaira

4.2.2,1 4BSi>lytis

B
mi

■§>'

-I
f

This questionnaire, unlik© the 10-item qusstioni/l&ir̂ î, 

consisted of the throe types of questions discussed in 

sections.3.1, namely, th© multiple ohoioc, assertion-reason 

and true-falt#. In the true-false seotioh (ssotion C), an 

answer was marked oorreot if both the ohc’oe and the reason 

were oorreot For example, in sob# oases the subject chose 

th© correct alternative but gave a wrong explsination which 

(Showed that he arrived at the answer out of faulty reasoning. 

The response of student H.YC to question 18 (Appendix E) 

illustra';®,s this point.

'M
The salt bridg® maintains neutrality by 

making one halfircell positive and the 

other negative.

JyojKaar. > False, Th© salt bridge maintains

neutrality by ensuring'that there are 

no more electrons in one half-oell 

than in th® other.
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m-'m.: Although student H.YC correctly indicated thiat statement 18 

was false, his reasoninf was faulty. In fact he shows 

that he holds another misconception about th6 salt bridge 

which is different from that expressed in statement 18. His 

answer was therefore not marked correct.

m

iT

One of the central findings in this study was that students 

and pupils possessed the misconception that conduction in the 

electrolyte is electronic rather than ionio. The presence of 

electrons in solution is not consistent with th® chemical 

events whioh take place in the cell and it is likely that a 

student who thinks this way will give an inaccurate 

description of other aspects such as electrode events.

In discussing th© different problem areas identified, 

reference is made to the possible oontributiori of this 

misoonceptisin (movement of electrons in solution) to the 

overall understanding of other concepts.

4.2.2.2 Imls.jsmd-JlL6Jit.r,Q,n,i,oocnri.u,o..tiQa

Questions 3,10 and 20 were included to test the students' and 

pupils' understanding of the microscopic processes whioh take 

place in the electrolyte when eleotrooheaioal cells operate. 

Earlier investigations revealed that many pupils and students 

think that free electrons conduct current in the eiootrolyte.
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That this misoonoeption was «@11 entrenched, was evident 

during the interviews where the same type of responses tended 

to recur.

The following excerpt and those quoted efc.rlier (section 

4 .1 .1 ) illustrate this point.

Student U.SR S e t - U p E  le.Q-trJ3.lES i s ..oL..hsi}î .aiiS-

Coppa r  nh 1 o.r ide._. s iJ  jg.

SiSĴ jLiliidss.

** , 
f
'>r

A

11.32 I: How do you think this gas (chlorine) formed ?

11.33 S: Chloride ions inside the solution will form
chlorine gas by and then give off electrons.

11.34 I: Where do the electrons that are given off go
to ?

11.35 S: From the cathode to the anode. They .iust ftove

j;khrajigJ3,..,fchg soXutlaa.

One other problem identified from the interviews in relation 

to conduction was the uncertainty on how the two methods of 

conduction were related. The excerpts below indicate this 

point.

3.40 S: —  I am confused about the movement of the 
ions and the electrons. I cannot make a 
oonnection between the two. I know there ar® 
electrons flowing in the wires and the 
solution, 'fhat is why the bulb lights up. But 
thers are alsso ions in aolution.



S','.-"

i-v: 95

■t*":

2,11 P3: —  lonB are moving between the plates in
solution and electrons in the wires, but how 
tbs two affect each other I am not sure. I 
am not sure how they connect up.

a

Among all the students interviewed only one showed a 

satisfactory understanding of both electronic and ionio 

conduction as well as how the two are related. The following 

is an exc©rK>t of th© interview with this student (U.KN)

t.-m -r -ai ,.e.s;.t.rjaj|.xsis-..Q£-Jau .e.QUs.-
/■ -
Cpppsr Chloride with Grg.phite. EIe-0±X-Q.ds.s._

9

5.6 I: (After removing one electrode fropi th®

electrolyt©) ; ;

Will the ammeter show a reading?

5.7 S: The ammeter will not show a reading because

there is no oontiii:ious flow.

5.8 I: What do you mean by oontinuous flow ?

5.9 S: Flow of electrons. But not in solution. Th®

ionio flow in the solution is continuous with 

electron flow in the wires.

Table 4.3 givv*s the percentage of students choosing th® 

different alternatives in questions 3, 10 and 20 (Question 3 

was retained from the 10-item questionnaire). The questions
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wer© as follows:

Question 3 (o) correct

In an ©leotroohemical cell, conduction through the 

electrolyte is due to

(a) electrons aoving through th© solution attached to the 

ions.

(b) electrons moving from ion to ion through the solution, 

<o) the movement of both positive and negative ions.

<d) the movem'^nt of water molecules.

(e) electrons moving across through the solution from one 

electrod© to the other.

Question 10 (assertlon-reason type) (e) correct -- both
statements false

Assertion

In eleotroohemical cells 
free electrons are found 
in solution.

Reason

the electrons conduct 
an electric current 
throughout the oircuit,

rV

(true-false type) (statement false)

Statements When a galvanic oell operates, there is a flow of 

both electrons and ions in the solution from one electrode to 

the other.
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Table 4.3

£g.r..Q.8P.feastJB.-i3J--Eui5iJ,s.and,..Student s ..Cho.Q.slna.-J.as.h.-AI.ternat.i,ye..

jji_̂ aBjujQ3is-.Jie..lat.in/:' ±a Xaaij

Question

ff

V

alter­
native

Be '.enoe 
0 1/mpiacJ

N = 6800

ichool 1st year 
students

N = 30 N = 40 .
t^re- Post

a 14 6 13 7

b 14 0 6 13
3

o HC 30 53 50 83

Is 0 0 U

© + 34 41 31 47

a + 21 21 57

b + 21 14 14
10-

0 0 14 14

d + 29 29 14

e * 29 21 0

10 alternative analysis)

State^ment 1 (true) 42 59 35
(a + b + c)

Statement 2 (true) *̂ 1 64 85
(a + b + d)

- Standard 10 pupils N = 20

1st year students N = 38

m

V ?‘
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Table 4.8 (oonttttued)

20
Tru©

Fals®

41

59

41

59

65

35

+ indioat«s tbe prevalent misolino©ption(s)

* indioatts the ®orr@ot response

The re^ilts i'ht question 3 indioat© that a significant 

proportion of the student® and pupils chose alternative (e) 

as was the oas© is the pre|liteinary investigations.

These students hiive a pioture of free electrons^: floating in 

the eleotrolyte. The results of a larger sample of pupils 

(gitandard 10) who p^smpeted in the 2 5th National Youth Soienoe 

Olympiad in Souf^h A f V o a  in 1®89 < N = 6800) also show a
I \ I

siwilar patter^i of results on this question with alternative

(e) still th© Bost popular ohoioe. This misoonoeption ».'as 

also noted by Allsop and Oeorge (1982) amongst 11!? of s 

Nuffi«ld A-level students in the United Kingdom,

In question 20 only 35% of the 1st year students reoognised 

the, statement as false in the post-test and gave a soientific 

explanation on why it was false. Some of the students who 

replied "false" to this statement did not neoessarily possess 

the solentifio oonoeption but rather showed their belief in
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free electrons in solution. The explanations given by the 

students w©re revealing as regards the possible source of the 

misconceptions. The following statements by two students U.CP 

and U.SD illustrate this point.

U.CP -- there is a flow of electrons only in the 

solution, ions are attracted to the anode and 

the oathode.

U.SD —  only electrons flow in the solution froa on© 

electrode to the other; ions are attracted to 

thf electrodes.

The notion that ions are attracted to electrodes and how it 

can foster the wisoonception of free electrons in solution 

will be discussed in the section on electrode processes and 

terminology.

In question 10, both the assertion and the reason were false, 

In all categories of students lesjs than 30% of the students 

could identify both statements as false. An alternative 

analysis of the results in question ID (Table 4.3) gives 

useful olues regarding the apparent explanatory power of the 

second statement. In this analysis all those students who 

chose alternatives a,b, and c (see Appendix 1) by 

implication, say that statement 1 is true. Likewise, those
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Mho ohose alternatives a, b and d by implication say that 

statement 2 is true.

It is evident from this analysis that statement 2 was 

considered by most students as an appropriate explanation 

^hich can account for why electrons should be found in 

solution. That is, a large perceritage of all subjects chose 

alternative^ a, b, and d implying that statement 2 was true. 

Many students interviewed did not show any dissatisfaction 

with this reasoning?) besides, it fitted well with their 

conception of ©Xectron conduction in the electrolyte. Earlier 

studies on how misconceptions can b© remediated (Iriokson, 

1979j Htwscn and flewson, 1983) indicate that students will 

not change thsir views as long as they feel that tiisre is a' 

good reason fcr adhering to them.

■k

The abc’:*# analysis of these three items, together with th© 

interviews do seem to show a deeply rooted misconception , 

about the nature of conduction in the electrolyte. Further 

indication of this is apparent in questions 2 and 7 (Appendix 

E) which did not seek to find student understanding of ionic 

cWiit^uction directly, but contained alternatives which 

suggested th© giresence of electrons in the electrolyte. 

Students and pupils who held this misconception were expected
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to choose ansi^ers oonslstent with this reasoning in these 

questions. To determine whether there was any clear pattern 

and consistency in the ohoioe of such alternatives, an 

analysis of individual pupil responses to questions 2,3^7,10  

and 20 was done. The pupils who held this belief were 

p/,pected to make the following ohoioes: question 2<a), 

question 3(e), question 7 (e), question 10 <a) or (b), and 

question 20, true. Twenty-nine high school pupils answered 

the five questions above.

rA'*

I

Thirty-five percent of the high school pupils (not those who 

competed in the Olympiad) chose the expected alternatives 

whereas 20% of them did not choose any of these alternatives. 

These students presumably do not possess this misconception. 

The remaining 45% of the pupils were inconsistent in their 

choice. For example, some indicated statement 20 as true in 

spite of selecting (o) in question 3. The first year 'slow 

stream students also showed a similar trend with 28% choosing 

the expected alternatives and 30% not choosing any of the 

alternatives. The remaining 42% of the students like the 

pupils, were inconsj'stent in their choices. Such 

inconsistency is not uncommon in students and pupils who hold 

misconceptions. Several researdhers (Cohen, Eylon and (laniel, 

1983,- Carey, 1985; MoDermott, 1988) have observed that suoh 

learners are often very doubtful and that the choice of a
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correct answer in one instance if ►"»t decisive proof of cl&ar 

understanding.

The following are possible sources of the misoonoeptions or 

factors which can foster this misunderstanding on eleotronio 

current,

(a) Rof^rence to Continuity pf Current and Established Be'Iief 

in.tjie_El8otrQnio Nature of Current Electricity

#■
Ife-

*1,

The confusion of considering conduction in the electrolyte as 

being due to the movement of electrons instead of the 

movement of positive and negative ions in opposite 

directions could arise from the phrases "continuity of 

current in the cell*' or " continuity of the circuit" often 

used in standard textbooks. Pupils are introduced to 

current electricity before doing eleotroohemistry and by the 

time they study electrochemistry they are familiar with 

conduction in metals as being due to the m=e»yem©nt of 

electrons. It appears that this becomes so entrenched in 

their minds that any form of electrical conduction is 

associated with the movement of electrons. The phrases 

"continuity of the circuit') are thus misinterpreted to mean 

that current is electronic through the cell. For example, 

some pupils erroneously depicted movement of current in the 

circuit as shown below:

m
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In physics courses, current is often implied to be electronic 

in all parts of the circuit ©yen if there is a battery. It 

appears that students and pupils extend this to det?;lled 

discussion of electroohemical cells. This is evid&'ht in the 

proposition of one student to support his argument that both 

ions and electrons flow in the solution (question 20):

H.UP —  current is a flow of charge, electrons can flow in 

solution since charge is a flow of electrons and 

these conduct electricity.

This student possesses the correct knowledge element ’’current 

is a flow of charge" but does not distinguish between 

electronic and ionic charge. He therefore applies this 

statement indiscriminately to the flow of current in the 

electrolyte. This interpretation follows Reif (1987) who 

observed that novice students usually have a large store of 

special knowledge elements but are often unaware or 

uncertain when to apply such knowledge. As a result they do



tso without much subsequent thinking.

Cb) Language and Careless DisousBlQn of El.&ctrQdfi.. PrQO„agg.e.S.

Language, ssyinbols and representations are crucial factors 

in understanding and interpreting chemical concepts (Bradley, 

Brand and (Serrans, 1987). The textbook isr-s major source of 

information for the beginning student yet some textbooks of  ̂

chemistry and physical science contain obvious mistakes, 

misleading ideas or representations which could result in the 

misinterpretation of co/ncepts. Two such statements which can 

cause confusion and lead to faulty learning are quoted 

below:

(i) "---- electrons will flow through the cell ftca

the right hand electrode to the left hanti 

electrode." (Fr-^enantle, 1887)

I.

■:p

*

(ii) *’---the direction of flow of electrons will

always be euoh that electrons move through the oell 

from the negative electrode to the pos'i.txve 

electrode," (Freematitle, 1987)

A]though the meaning of these two statements ocalci be clear 

to senior students and exp<?rienced chemists, they are liable
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to misinterpretation by beginners in electrochemistry. Both 

of them can be misinterpreted as referring to electrons in 

solution and thus reinforce an already existing 

misoonoeption. Emphasis should thus b© placed on precise use 

of language, especially when talking or writing for beginners 

in chemistry.

Examples of wrong r®pres<^ntation of conduction in the 

electrolyt# from some textbooks are shown below:

C

c

or

cr'

-Co|i;f er ions 
recdve electrona

€0 ©
0 ©

e a

e
©
s 0

e
- M .

0

(Brink, Jones and Horn, 1880) (Freemantle,1887)

mi

V

Although the text in the abo-̂ r® books states that electron
\\

exchange occurs at the eleotr6de surface, the diagrams appear 

to illustrate th® electrons floating in solution - thus 

reinforcing this misoonoeption.
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I
4.2.2.3 IIe.Q_tr-Ode Prooifsses and Terminology

Questions 4, 8, and 18 were designed to determine student 

understaadlng of electrode events and how this is influenced 

by the terainology currently used. The questions were as 

follows:

Question 4 (o) correct

When an aqueous solution of sodium chloride is electrolysed 

with graphite electrodes, chlorine forms at the anode. Four 

possible ©vents are represented below. Which of these is 

(are) likely to occur? ’

i :

f

o

(1) Cl--— »> Cl + e- 

<ii) Cl- I s~— frCl

(a) Ciii) only

(b) (iv) only

(o) (i) and (iv) only

(d) (ii) and (iv) only

(e) (i) only

Question 6 (d) correct

(iii) 2C1-

(iv) 2C1 ~

-> Cl2 

Cls

«)

V
During the electrolysis of an aqueous solution of copper 

chloride GuCla, with carhop electrodes, a brown deposit is
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formed" at one of the eleotrodei. This deposit is foiraed when

(a) Cn̂ '*- ions cluster together forming the brown ooloar.

(b) Cu2+ reaot with th© ohlcrid© ions forming CuCls 

preoipitat©,

(c) iC'RS ar© hydrated forming th© brown colour.

(d) Cu2+- ions gain eleotj^ons from th© electrode forming Cu 

atoms and the®© ijiombin© to form copper metal.

(©) Cu®-^ ions move towards the negative electrode and reaot 

with the electrode (carbon) forming a brown colour.

V\
Quastion Ifl (true-fals© type) (statement fals®)

Statem&nt . Dwrlng eleotrolysis of a solution containing 

ohioride io;n®, Cl“ ions are attracted to the positive 

©lectrod© and they are neutralised by the positive oharge 

forming chlorine gas.

The responses to these question® are summarised in Tablis 4.4.

fI



108

£.er-Q.eiitaĝ , of, P^..lla.-mdi.S..t,ud.aEfc8.Q h Q Q S . l m . . l m h . . .  Alternatiy.t.

in.-aue..st.iQns .Relating- to IL&otroda £gQ.Qagses ..and Tegminology.

Table 4.4

Question

Std.lO school 
pupils

alternative H = SO

1st year 
students

N = 40 
Pre-

\ w

4-

a

18"
True 

False *

m*---

•«
h-

^  indicates the oorreot response 

+ indicates th® prevalent misoonoeption(s)

- standard 10 pupils N - 29 1st year pupils N = 38

o standard 10 pupils N = 28

V
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The major diffici’lty is with the misinterpretation of 

electrode processes which appears to be caused by the 

oonfusion regarding the polarity of electrodes. A large 

number of th© subjeots (71% high school pupils and 63k't 1st 

year students), fo:r example, identified with the peculiar 

©xplanation that was used to account for the formation of 

ohlorin® gas In g.uestion 19. The formation of chlorine atoms 

was accounted for in terms of attraction between the negative 

chloride ions amd th® positive electroae rather than the loss 

of an eleotron by th© chl03?ide ions.

One other problem with this type of half-reaotion t?as failuc© 

to recognise that it occurs in two stage®. Ut^ually the 

overall reaction is given suggesting that the half-reaotion 

takes place in one step.

The latter parts of questions 6 and 19 were of particular 

interest in determining how many students and pupils think in 

terms of electrodes being positive and negative.

In question 6, th© most popular choice was (s> and the key

phrases hero positive Cu^* ions and aeg&.tl.¥.a..Q.afckQXi.,-

elftotrode seem to have been effective distraotors. It would 

appear that for many subjects, th© formation of the copper 

coating was due to a reaction between these opposite charges 

neutralising each other.

' ii a <4 jb
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It seems likely tbst th© designation of ©leotrodes as 

positive and negativ© aay also result in confusion regarding 

th© dasoription anod© and oathod© in eleotrolytio and 

galvanic cells. In an eleotrolytio c©ll th© cathode receives

©leot^oRi! firom tti© battery and it is th© negative ©leotrode.
t)

At th® aaod®, ©l©otrons are released from the species 

underfclng oxidatlor.i at the ©leotrod© surface and the anode 

ii btllei the positive ©l©ctrode. Students tend to extend 

this to galvanio oell^ so that there is a common 

misconception that tti© description anode means a positive 

electrode and cathode a negative electrode in both type of 

cells. In fact ift a galvanic cell the anode is described as 

negativ©. This is ©Eti?em©ly confusing to beginners in 

©leotroohettistry. fo!i? ©xampl’i, In a Daniell cell the iUno 

electrode is negative and th© copper electrode is positive. 

If the students accept this, they are likely to b© totally 

confused as to why the Cu®"** ions are "attracted to th© 

positive electrode". A® a result of this confusion, some 

students refer to anions such as as being reduced

at th© copper ©leotrod®. One of the most important guestions 

asked by students during informal discussions after the 

interviews was:
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“¥hy then in a Dtoisll cell do copper i'.vns’ 

movs toward the positive electrode? Do not 

like oharges repel"?

The answer to this question is iaportant in understanding the 

operation ©f galvanio oellt.

Besides oausifig misinterpretation of eleotrode prooegses the 

oonfusion of polaritr of ©leotrodes interfere with the 

oon©ept of o6ttdi3oticm in the ^l@©trolyte. This was evident 

in the explanations t- -̂ h© true/false questions in the 20- 

iteitt ffltiltiple. Far e* 1@ in qaesSfeion 18, some ̂ feadentg and 

pupils iridioated that the ^tateiaent was true beeause 

■'eleGtrons fflot© ift the salutlon and the i®ng are attratt^d to 

the ©llotfode^*'. Apparently thei© ttudefits thoaght that the 

ions ar© inetantan#ously attraotei to the eleetrodei! of 

opposite “oharge" saoh that none S'eaain in the bulk of the 

solution.

One iained the impression that the phrase "attraotion of 

ions to th® eleotrodes" evoked the following miorosoopio 

picture;
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As a result of fefes supposed instantaneous movement of ions to 

©l®Gtrodes of opposite oharg®, the movement of electrons then 

constituted an electric current in the electrolyte

The significant p©int which eajerges from the analsrsis of 

th«se it^ms, arad ©Mieii reports on tte© oonf us ion oaused by 

polarity in electro ■>hensiaal cells (Moran and dil©adi|li88j 

Macdonald, 1-988) is that the terminiolii^r of positive and 

negattv® '®l«@trodes should be avoided. Although there is 

logic which gives rise to this terminology, this logic is 

obscure to beginners in eleotroohemistry. The use of the 

words positi*^© and negative is distracting. This is further 

complicated by the definition of conventional current in 

physios as positive current or apparent movemsnt of cations.

■■ ” 
'V,
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4.2.2.4 llafttrioal Nentrali t.v

The performance in all items relating to this concept was 

particularly poor and in non© of the items did the percentage 

of correot responses exceed 40%. In addition to holding 

inappropriate knowledge about the salt bridge some of the 

mistakes made by students included:

(a) unbalHnoed charges in the electrolyte.

(b) inoctjereot direction of movement of anions and cations in 

the electrolyte and also wrong direction of movement of 

electrons im the estternal wires.

Table 4.5 shows the responses to the four questions (2, T, 11 

and 18 -* Appendix E) while Table 4,6 shows some of the 

responses to question 7 (a) on how neutrality is maintained 

in a Daniel! oell. The questions war© as followsi

Question 2 (d) correct

In the electrolysis of aqueous sodium chloride (NaCl), if a 

Cl" ion moves out of a small volume of solution towards the 

anod© as shown below, which of the following visual 

presentations best depicts the process by which electrical 

neutrality will be maintained?

p i i ■

*

S'-*-

IS

w-

9



tJote In the following diagrams, a cation is symbolised as + 

and an anion is symbolised as An electron is symbolised as

e' '"■'St . .

©lectrodes

Element of 
volume

Cathode Anode

■' 4 - '

(a) Either A or D

(b) B only

<c) A combination of C and D 

(d) A combination of G and E 

<e) E only.

«
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Question 7 (o) correct

In the galvanic cell shown below, as the cell operates, 

oxidation of the sine introduces additional Zn^-^ into half- 

oell B, and reduction of Cu®-*- leaves an excess negative 

charge in th© half-cell G.

(a) Indicate with arrows, the movemerit of all ions and the 

movement of electrons.

Zn metai

(b) Which one(s) of the following series of dia^/tams below
I

depict the change in each half-cell as th© reaction proceeds? 

Hote : In the following diagrams, a cation is symbolised as + 

and an anion is symbolised as An electron is symbolised as 

e-,
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Q»ftMfcinn 11 (assertion-reason type) ((e) correct statements 1
>«nd 2 fals©)

Diagram

Shown
below

Assertion

The ammeter will 
show a reading

Reason

Thisr© will be a 
continuous flcjiir 
of current since 
graphite oonduiots 
current

"u

(a) either C 05? D

(b) I only 

(0) B only

(d) either B or B 

<e) F only
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Qnftst.lon 18 ftrue-false type) (statement false) -

Rf.fit.ftgiawt.: 'Tfte salt bridge maintai'hs electrical neutrality i 

ensuring that one half-oell is positive ani the other is 

nefatl've. ' i' ..

',s

^  ^



118

The Peroentagjs af.Pu.pllfi and Students ChoaBlng.. .Ea&h.

Table 4.5

V./

Std. 10 school 1st year
pupils students

N = 30 i = 40

Question , alternative Pr@~ Pogt

a 28 i 7

b + 19 37 27
2-

0 0 6 7

d * 19 19 33

.. ©'■;+ ^ 3S 31 27

a + a® 19 20

b + 24 19 20
70 *

0 * © 25 40

d 12 IS 7

e + 28 28 13
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Table 4.5 (Continaed)

:S:

♦

a +• 50 54 36

■’ '■ b e 8 14
11

0 19 18 38

8 14 10

© ^ 18 8 4

11 (alternatiT© analysis)

Statement 1 (true) 75 c 78 88
(a + b +■ o)

Statement 2 (trut) 62 76 60
( a •< b + d)

18 Tru© 85 31 SO

False ^ 35 69 50

* indicates th® oorreot response 

+ indioatts th® prevalent m cono®ptioA(s)

~ standard 10 papils il = 28 1st y»ar students N

o standard 10 pupils N = 28

= 38
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Student aad fupll Deciotiong of The Movement of Bleotrons and 

in ja Dam al l Cfel 1 Qt3agit.ion a >

Table 4,8

Stud©nt/P«pil Diagram

Ig '

ji:

U.KM
Zr.

9

H.MU Zr\

r
-t

, )■

\\rp=3ssTj

so.a?*
i f' 7
1 '

C.U
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Question 2 was included to test the understanding of 

©leotricil neutrality in electrolytic cells while question 7 

(b) investigated the saice concept in galvanic cells.

The responses to these questions were scattered throughout

/, all optioncs which implied widespread uncertainty about the
///)

microsccpio events which take place. This difficulty is also 

evident in th® diagrams shown in Table 4.6; indeed not one of 

 ̂ the high school pupils gave a correct representation. The

first year students also performed poorly in this question. 

None of them gave a correct picture in the pre-test, and only 

two gave a correct representation in the post-test. The rest 

of the diaf' as given in response to question 7 (a) displayed 

a lot of doubt, with 25% of high school pupils and 21% of 

the 1st year students indicating electrons in the solution. 

Seventy percent of the high school pupils and 72% of the 

first year students showed wrong direction of movement of 

either electrons or ions or both in the post-test. The 

remaining students did not respond to this question.

<a) IlnlialAn̂ .Qhar.ges. in.the Electrolyte

The choice of (b) in question 2 and either <a) or (b) in 

question 7 (b), was illustrative of disr^,gard for the need 

for balanced charges at all times in the electrolyte. The 

® difficulty seems to arise from the interpretation of the
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oharge distribution in th© two half-cells. There Were two 

interrretations:

(i) On© half-esll oould be positive, that is, with catioas 

only while th© other oould be negative, that is with an eguw i, 

number of anions only. In this way the whole cell was 

oonsidered to be electrically neutral.

(ii) Unequal distribution of positive and negative ions as 

long as there were equal numbers of charges overall in the 

oell,

It is of conoern that the above gross misunderstanding of 

electrical neutrality attracted 53% and 38% of the high 

school pupils Slid 1st year students respectively. Comparison 

with question 2 (a) .shows that fewer pupils and students 

experienced this problem in relation to electrolytic cells.

It seems that the interpretation of the charge distribution 

in the two half-cells could be the source of the problem. One 

other possibility, especially in the case of alternative (a) 

(question 7 (b) ) is that the students arrive at th© response 

®  from fflisinteirpreting the introductory section to this

question. It appears to them that events stop at the point 

There half-oell B is positive and half-c©?T. C is negative as 

implied by the description of zinc dissf ,̂ ig and 

introducing positive ions in B while copper ions are depleted
m
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in half-oell C. The predominance of this misconception was 

unoxpeoted since the subjects interviewed in this study oould 

write correct equations to represent dissociation of 

electrolytes such as copper chloride but failed to transfer 

this knowledge of electrical neutrality to questions 2 and 7. 

MoDersott (1888) also found that stndents failed to retain 

the significance of a solution being electrically neutral 

when considering electrochemical cells. Perhaps this is 

because of the emphasia in the school currioulum on the 

balancing of redox reactions and the lack of attention to 

the qualitative interpretation of microscopio events. There 

may also be a perceived contradiction in claiming that 

electrioal neutrality is maintained w|i,f/le at the same time 

referring to flow uf charge.

<t) Presence of Elec.tro.n.s'_in The .lLec.±.ri3lyj:e.

r
The choice of 2(a) or 7(e) points once again to the belief in 

electrons in solution. This misoonception was observed among 

2Jj% of the high school pupils in question 2. Similar thinking 

might explain the choice of 7(e) by a similar proportion of 

s'iudents, that is 29%,

Tiis belief that electrons ere found in solution, could also 

explain why in question 11 a large proportion of the sufojeets
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(75% high school pupils and 86% 1st year students in the 

post-t©st) thought that th# cell arrangement in which 

graphite replaosd a salt bridge would function if set up 

exp#ri!aer?tally.

fhe misunderstanding regarding the purpose of the salt bridge 

and ©leotrioal neutrality probably arises from lack of 

ejsplioit information in several textbooks. Many give a 

superflolal desoription if any, on th© purpose of the salt 

bridge and soiBetiaes vague and misleading diagrajis, An 

adeaiJtte explanation oan^ however, be both simple and 

appropriate fjor the level of understanding required for a 

standard 10 pupil. For example a statement such scs; "the salt 

% bridge completes the circuit" is a very popular explanation

for the function of the salt bridge amongst many students 

and pupils and is found in a number of high school and 

. university textbooks. This statement is both vague and 

inadequate for full understanding.

The following excerpts from textbooks are examples of 

inadequate information on the salt bridge.

"—  the U-tube links the two solutions without the 

ainc and copper (II) ions ceming into ccKtact or 

being mixed" (Pienaar stnd Walters (1S7®> pS4S)
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"—  the U-tmb© oontains an electrolyte so that 

ourrent can flow from one half-oell to the otht^r 

but th® two half“oells cannot mix (Moores Davies 

and Collins (1978) p591)

Several research reports, for example, Bodner (1986), 

indioate that inadequate information can foster 

miSQonoeptioniHs* ]?or example, besides being vague, the 

statement "completes the olrouit" oan be misinterpreted to 

mean eleotrons moving through the salt bridge thlis " 

r e i n f t ^ h ©  aisoonoefption of eleotronio oonduotici in the 

electrolyte. One other consequence of laok of explicit 

information is that learners tend to look for meaning in 

events. It appears that in this case, inade<^uate information 

on the salt bridge has led learners to thinkSalong the 

followimg lines in an effort to find consistency in th© 

events whioh take place in the oell:

If electrons complete the circuit, then:

(a) eleotronij are found In solution afid are required 

to maintain neutrality hence ion pharge balance 

is not required.

(b) a salt bridge is a passage for electrons and oan
>

therefore be replaced by an electrcnie conductor 

such ag graphite.
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Althottgii this reasoning is consistent with tto learner’s 

knowledge, and appears logifjal to him, the propositions a,re 

inappropriate and lead to totM.1 misunderstanding of ©%reats.

4.2.2.5 ..Cell CaiaB.ffln@ats. Cell Smf and

Current ,

Th© following questions; ar@ relevant to this seotl.on. ’ 

QjaMatian 1 (b) fiorrect

Durtttg th® ©X©otre;lysis of aolten lead bromid© with graphite 

eleotrodes, which bf the following reactions represent the 

over^^ll redox reaotlon?

(a) PbBra + e~ -- - ---^ Pb®-*- + 2Br“

(b) Pb2+ + 2Br- — *■---*• Pb + Bria

(0) PbBra + e- — ----  ̂pba+ + Bra®-

Cd) PbBrs --------- ^  Pbs* 2Br

<e) Pb2+ + 2Br- -— Pb + 2Br

(»
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In an electrooliemioal cell, a reaction proceeds spontaneously 

as written, assuming all concentrations are 1.0 mol dm"® 

when

(a) E is negative. (b) E’’ is negative

<c) E is zero <d) E® is zero

(e) None of the above.

Question 8 (a) correct

The voltage produced in the reaction Zn <s) + Cu®’* (aq>--- ►

Zn2-«- (aq) + Cu (s) is independent of

(a) the size of the cathode
\\

(b) the metal used for the anode 

<o) the temperature

(d) the concentration of Cû '-̂  ions

Explanation------------------- ---- --------------------------

>!«!*'■

Question 9 (b) correct

When the salt bridge is removed, the voltage of a cell

(a) increases to a maximum

(b) drops to zero

(c) does not change.

Explanation------------------------------------------------ --

Question 5 <e) correct
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Question 12 (assertion-r@ason type) ((e) correct - both 
statements fala©)

Dialfram 

Shown below

assertion

No redox 
reaction 
will take 
place.

reason

redox reaction 
take place in 
eleotroohemioal 
cells only.

-Zn

1-0 y

(assertion-reason type) < (o) correct
sfcateatnt 1 true 
and statement 2 
false)

Diagram 

Shown below

assertion

tho ammeter 
will show a 
reading.

reason

the battery will 
supply electrons 
which will break 
the ions in 
solution. The 
ions can then 
conduct 
eleotricity

<§
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moif-
I

gtaestlon 17. <tra#-false (statejaent falsd)

Sfeatament; fhe effeot of passing an electric current daring 

electrolysis ?' to break the electrolyte into positive and 

negative ions.

Qi3#stions 1,16 and 17 (Table 4.7) investigated the 

understanding of what a battery of cells does in a circuit. 

The common misconception was that ^g^ing electrolysis, 

electrons break th® sleotrolytf' ■*' ^i,c/ositive and negative
1 ,  ̂ V ■

ions. This reasoning was populiicv'aa6ng puE-ils and students
,, " t\ 

who thought that free eleotronsg are found in the electrolyte,

In question 17, for example, one of; the reasons often given

fay students and pupils to support why the statement was true
I

was that

“—  without current the ions will not be formed*'
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The co»mitiaent to this view is also evident from th© n'ambgr 

0i su;^3®ots who intiioated statement 2 as true in question 16,

Question 1 was poorly answered by all categories of students, 

with less than 50% choosing the correct alternative. The 

choio© of <d) by a majority of thd students and pupils 

clearly shows that there is a ©ismiderstanding regarding the 

©ffeot of an electric ourrent during electrolysiy. Students 

who hold this misc©neept|oa o’ften ijdesoribe tl̂ fe ove£'ali-r\gdoxf;
■■ t I /  ̂ "

as if it were dissociatidSt of eleotrolytt^ 4nto ions.
" "// '!

Table 4.7 /

EeT&m tajS& of ■ Studeats. _aad.gu.PllS-C.ho.ffiB.injig ..eaQh.,

in Questions relating to C!el.I. GQmPDnen±B._C.el,I_Imf__and_.

Std.lO 1st year
pupils students

N = SO H = 40

Question alternative Pre- Post

a 0 13 6

1
b * 41 33 47

c 6

d̂ Z4 47 27

e 29 7 13
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iSuestion altornative Std. 10 1st y©ar
pupilis students

Pre Post

a 0 8 0

b + 29 46 7
5"

0 0 0 7 '

d 0 2S 0

71 23 86

lU,/
a >K 53 46 58

b 12 8 14
8- ' - '

o + 18 38 14

d 18„, ■■ 8 14

(

■ ' '̂5. + 18 7 14

9 b ^ 82 80 63

0 0 18 23

a 35 33 27

b 0 11 18
12

• c + 47 §3 40

d 0 11 7

e * 18 ! 11 11
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Table 4.7 (Continued)

Question 12 (alternative analysis)

Std 10 Pupils 1st Year 
students

Statement 1 (true) 82 77 80
(a + b + o)

Statement 2 (true) 0 22 20

\\
n\ +1 i 53 50 50

ii 18 20 17
16 //

0 * 6 10 17

d 0 10 8

e 24 10 8

True 76 75 49
17

False ^ 24 25 51

^ indicates the correct response 

+ indicates the prevalent misconception'"s)

- standard 10 pupils N = 28

Questions 12 was included to find out student understanding 

on th© physical requirements ueues&ary for electrochemical 

cells to operate. A review of standard textbooks revealed 

,hat an introduction of this kind is often lacking and 

students are assumed to understand the roie o!̂  the
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components. This laok of Qxpliolt information in some 

textbooks oan lead to alternatiT® conceptions. For example, 

lack of knowledge of components such as a battery of cells 

gives rise to a number of misconceptions as evident in 

the rssponses to questions 1, 6 and 17. The knowledge of the 

nature of each component is pre-requisite to deeper 

understanding of the microscopio processes which occur when 

the cells operate.

It beoam© evident during the analysis of the results that
Ife'

questions 13, 14 and 15 (Appendix E) which t̂ fere also intended 

to probe student understanding of physical r®quireraents 

necessary for electrochemical oells to function, could be 

misinterpreted by students. They are therefore not included 

in this discussion. The students' responses to question 12 

were, however, revealing as regards their understanding of 

redox reactions and the significance of the physical 

arrangement of electrochemical oells. More than 75% of the 

subjects in each category thought that a reaction would not 

take place. During the interviews it became evident that many 

students who thought that no reaction would take place did so 

because they held the misconception < iat redox reactions 

take place in electrochemical oells only, rather than the 

fact that the reaction would not take place spontaneously.
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T'kty failed to U'eeognis© that t M o x  r©a®tions oan also tak© 

pl&oe in beakers or test-tub©s.

Th® ohoio# of <o) as th© predominant laisaoneeption was, 

h®w«ver, ptigzllng and appeared oontradietory. One possible 

ia^lanatif^n of this! restslt is that the sabjeots thought that 

the reaction oould be between Cu and 2nS04 rather than Zn 

and CuSO^.

Questions 5, 8 and 9 (Table 4.7) investigated the student 

understanding of the factors that relate to eell ©mf. These

questions were obtained from textbooks after an attempt to
ii '

int«rvi4#w the students on oell emf and half-oell potentials 

been unsuooessful (see section 3.1). Ir\ general the 

Jt'tfowledge of cell e«f was satisfactory with more than 60% of 

tiiV ' students indicating that the oell emf would drop to aero 

if th® salt bridge was removed. It however became evident 

after the Interviews (phase IV) that although the students 

knew the faetors that affect oell emf, they oould not explain 

emf qualitatively and in fact confused it with current. The 

possible sources of this asisunderstanding are discussed in 

section 4,3.2.4.
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4.3 Phag© IV - Ivaluation, of the I.ngtruQ±iQn.aL...M&.thfid.

The outooiae of the application of the teaching method is 

discussed in this section. For the purposes of the 

discussion, four groups of students involved in the
iH,

investigation were identified. These are:

Group 1 'uHemistry 100 (experimental group) and Chemistry 

J.0!. Xoontrol group)

G-roup 2 : ■  ̂ (experimental group) and Chemistry

' s.: ' ' "'‘1 <̂ 1 group) \

Group 3 - (' slow-stream' first year students)

. experimental groups)

Group 4 - HDE atud̂ i'itk; (pontrol and experimental groups)

The choice of these studsftts and the basis of comparing the
...

experimental and control groups in each category was 

discussed in chapter 3 (section 3.4). The students were 

involved in the three experimental situations discussed in 

section 3.4.2. The experimental situations were:

#  jixperiment 1

To ditermine how effective teaching from the student notes 

and instructors notes was as opposed to teaching from the 

Hi students' notes only. The first year students, that is,

groups 1, 2, and 3 were involved in this investigation. All
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. B-'*”
of th@a wrote a pr6i-t©st which wa® different froa the post- 

t©st. & r©gialt, it was not possible td determine the
II

eff@efeiv&ft#a;s of th» sttttaent and ihfitruetor* not®s

$£ acmo#p’tl(3(nsi rather, th©

=«ffe6tl-^eness of t W  notes «s regards Sriaging about tsarttlnf 

will to© 4-SWU«S'gd. This iB dohe br ©oiapt.rirtg the post-test 

eMperfisntal ^  ‘’ttmtrtjr groupr. ^

Experiment 2

I

To d.i^ti««dne Wh@5b%r t-et®hlng ffO« the notes alone helped ta 

le-arning. Thi-g was d«ai! by ijoacparintf th® post-test results of 

year 'slow-streaia" wtmdents inwlHred in phases II and 

Ilf iTi -'f ht"M:od«fttS ’iiirolv^tf' In p'ha®&i Il''atid:.tII

•ild K-%̂ #lYSi not@0 while' theee' introlved' ift 'phas® IT

the not©» only. Thi© oomparison «®:s do&i on th^se 

questions whidih appeared in both Appendix 1 .(used in phases 

II and III) and Appendix Q- (used in phase 1?). In making 

th#®« ooffiparlson®, it should be borne in mind that 

students involved in phase IV enrolled at a different time 

and were taught in different way® froA thos® in'TOlyed In 

pha#tB II and III.
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Experiment 3

s.-.

fli.

To detsrmina whether learning can take place with self-study 

of notes only. The HDE students, that is, group 4 were 

involved in this investigation. The students in the 

experimental group received student notes on\f and studied 

them on their own while the control group received the notes 

but did not study them. The performance of the control group 

versus the experimental group in this case, indicates 

whether or not learning can take place with self-study of 

notes only. The shortcoming in this experimental situation 

was that it was not possible to monitor the time the 

students in the experimental group spent studying the notes. 

The results} of this investigation should be viewed against 

this background. These students, unlike the ones involved in 

experiment 1, wrote the same pre-test and post-test.

m

The following analyses were done in the above experimental 

situations to determine the effectiveness of the teaching 

strategy

1. A comparison of the overall performance of the oonurol 

and experimental groups involved in experiments 1 and 3 that 

is, all first year and HDE students involved in phase IV. The 

analysis was done for both the pre-test and the post-test.
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2. A comparison of the performanoe of the oontroT and 

experimental groups involved in experiments 1 and 3 that is 

all first year and HDE students^involved in pha^e IV. This 

analysis wa® done for individual items in the post-test.

3. &. oomparison of the performance of the students involved 

in ©xperiment 2, that is,, first year students involved in 

phases II and III and those involved in phase IV. This 

analysis wag done for individual items in the post-test. In 

this case^ th© students involved in phases II and III 

Gomprii® the control group, vfhilp' those involved in phase IV 

ar® th© experimental group.

4.3.1 Analysis of Overall Ferfarman.ee..in_tke_-ErfeT..e.g±.._and-bM-

4.3.1.1 Ccffiparison of Control and ExperiffientAl_gi£.Qi2a__l 

Sfcu.d,gjn,fĉ

The results of the pre-test on pre-requisite concepts <Table 

4.8), illustrate that the two groups of students started the 

electrochemistry topic with the same prior knoT^^^edge.

The mean values are 66.5% and 68.8% for the Ch©mo5^|ry 100 and 

Chemistry 101 students respectively and the t~test'-shows 

that ther© is no significant dvfference in th© means of the
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two groups at the 5 % level (Table 4.9 ). The results of the 

analysis of the post-test scores, however, indicate a 

significant difference at the 5% level with the control group 

perforiaing better than the experimental group. Taken on their 

own, these results would indicate that the experimental 

teaching method failed to aooomplish the desirt^'d learning 

changes better than the control method. The t-test indicates 

that although the pre-requisite knowledge of the two groups 

is comparable, their previous class performances, that is, 

the average' of the three class tests and the June 

examination, differ significantly. The mean of the class 

tests and the June examination were 59.7 % and 54.6% for th© 

control and the experimental group rospectively. The t-test 

shows that this is a significant difference and in fact the 

oontrol group was a higher achieving group than the 

experimental group. The chances of making a Type I error,

^  that is, accepting that there is a significant difference

between the two scores when there is none is 5 times out of 

100. The outcome of this comparison therefore appears to have 

been influenced by the capability and motivation of the two 

groups. This latter observation is also evident in the 

individual item analysis of the post-test (section 4.3,2,) to 

determine the success of the experimental teaching method in 

alleviating specific misconceptions. Whereas in most oases
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the »Kp«rimental groups in gr?̂ ,ups 2, 3 and 4 p̂ erferffl*ei better 

than the control groupsj tor group 1, the control group aftî n 

perforraed batter than the experimental group.

Table 4.®

Q.f Clas.5

Clast Hi,rk * Fre-Test Fost-T©§t

Class » i^an(«) Btd.
BeT.

Mean(SS) Std. u&mizy S M .  
Beir.

Control

ClOO as St.7 11.0 6S.5 14.8 06.7 17.3

I:^e?i»en|al
'■ ■■■ ■■ ̂ i '

ClOl 50 84.6 14.3 88.8 11.f 4S.8

1

19.1

^ the olass mark is the average of three oXass tests and th© 

June examination. These preceded th© teaching of the 

electrocheialstry topic. The experimental and control grou.i»s 

wrote the saae examinations.
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CQmoarison of Class Mark. Pre-Test and Post-Test Scores for 

Control and Experimental Srouc* 1 Students (t-tast)

Ho - there is no significant difference in the class mark, 

pre-test and post-test scores of the Chemistry 100 and 

Chemistry 101 students.

t Critica?. t-values dt 

5% 1%

Table  4 . 9

Class maifk 2.073 1.681 2.365-, 106

Pre-test 0,113 1.661 2.365

Post-test 1,S87 1.681 2.365
w

1)
4.3. 1.2 ComD^lrison of (Control and, Experimental Grouo 2

Students // 

From the data in Table 4.10 , we can see that in the pre-

test group comparison, the results are not significantly 

different. The mean values are 61.0% and 59.0% for the



142

experimental and control groups respectively which 

illustrates that the students in the two groups started off 

at apprd^ciiaately ths same level of knowledge. The means of 

the thr@i! class tests and the June examination also confirm 

that the students were of approximately the same level of 

achievement. The mean values are 52.0% and 50.6% for the 

experimental and control groups respectively and the t-test 

showed that there was no significant difference in the two 

means (Table 4.11). However, ^he post-test results are

significantly different. The jiWn values are 44.7% and 39.0%
\ (

for the experimental and oontrlU groups respectively and the 

null hypothesis of no significant difference in the post-test 

means of ths two groups was not accepted. These results 

illustrate that there is a 95% chance that the experimental 

group was moi?e successful in learning th^n the control group.
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Simmary ,.jgJ....glaag^-Jl.ar.lL.i-..Pxe-I.e.st..-.and....P.astril!g.s.t....£.o.ar-e.a-..£i23L.

Table 4.10

Glass H Glass Mark* Pre-Test Post-Test

Mean Std. Mean<%) Std. Mean Std.
<%) Dev. (%) Dev. <%) D®v.

Control 

Clio 43 50.8 12.5 58.0 13,.5

V

Y.

39.0 15.7

Experimental

c m  82 52.0 10.9 61,0 15,,5 44.7 16.2

* the olass mark is the average of three class/tests and i;n©
; 1

Jiine examination. These preceded the teaching q|P the 

electrochemistry topic. The experimental and control groups 

wrote the same tests and'Examinations.
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%
Comparison of Class Mark. Pre-Test and Pogt--T©.s.t_Jtar.ks_.Q£. 

CQntrol and Hxparimental G-roup 2 Students Ct-tQiBtl. ,

Ho “ there is no signifioant differisno© in the class aark, 

pre-test and post-test scores of th« Chemistry 110 and 

Chemistry 111 students.

Table 4.11

t Critical t Values df 
5% 1%

Class mark 0.845 1.645 2.326 >120

W

Pre-test 0.720 1.645 2.328.

Post-test 1.876 1.845. 2.328

4.3.1.3 Sjp,mp.a,r.lsj3ja.of..C.DntrQ,.l.,,and..JSxB,eria.aD-tiX.Jxflĵ  .§....

Students

Analysis of the pre-test results in this group shows a 

pattern similar to that observed for the group 2 students in 

that th© pretest scores once again indicated that the prior 

knowledge of the control and experimental groups was 

similiar. The average of the three class tests and the
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June examination also indioat© at th® 5% level that the t* 

fiiroups of students ar® oomparabl® (Table 4.13).

Comparison of kh© siost-test results showed a significant 

diff®t©no© at th© 5% l®vel. Based on th@s© results, th® 

null hypothesis was not aoooepted. Ther© is p. 95% ohanos that 

th® experimental teaching method was a more effejotlvt 

method of instruction to alleviate th© aisoono®ptions.

Table 4.X2

1 !
ii

3ummari>- of Clagg Mark. Pre-Test and Post-Teat EQ,or..SiS.-£iaX-.

..Ezt^'^r ipanfe.aL

Class

Class Mark

Mean(%) Std.
D©v

Pr©-Test

M©an(%) Std. 
0©v.

Post-Test

Mean Std. 
Dtv.

C121

Exp.

Control

12

15

58.8

51.7

12.9 80.6 15.2 

7.33 58.4 11.3

54.6 18.8 

42.9 18.8

0
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gQjB,BAK,lao,n..q.£.Cl.aas MgLrlc, ..Erii-test and..E.as.t.-Ts.st„Hjajcks...g.or. 

C£mJii£a]L.jjad^^.......... . OffQUP 3 ,.Studaita

Ho “ there 1® no slgnifioant differeno© in the olass mark, 

pre-test and post-t©st scores of the ©xperimental and control 

groap®.

Tabl© 4.13

t-Galo. Critical
5%

t-Values
1%

df

Class mark 1.683 1.708 2.485 25

Pre-test 0,228 1.708 2.485 25

Post-test 1.720 1.708 1; 2.485 25

4.3.1,4 Comparison of Control.anjd Expe_r-.lmjgn.t.al.GrouP— 4 .

Students

To test that significant learning had occurred among' students 

who studied the set of notes, a t-teat "Was used to ooiapare 

the meaii pre-test and post~t©st scores for these students.
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p?e-t#st to th® post-t«st (Tabl® 4.14). By contrast, tht 

results of th© stmd®nt t«aoh«rs who did not study the notei: 

Wig© 1««« amtigf&tstory, gilfchough these students showed som@ 

ija tb^ post-fcilgt. From the statistioal analysis, 

th® oiitaoes of »o.kini a Type II error, that is oonolading 

that difference in th® pre-te@t and po^ttsst soore® of . 

the oomtrol group is Insignificant when there might be a 

difference xs 1 in 100. from th© above res’alts i|: does appear 

thst tfo# sft of notti helped th© students in the txp©s?lm®ntal 

group t« learn. It should be notedj however, that these 

grotipg of stmdtnts were self-seleoted and as a result the 

outooiae of the investliiation oould hmv# been influ#ne«^ by 

faotoffs suoh as their motivation and ability. It i® possible 

that the differtnee in their perfortaanoe in the postte-it w m  

due to these faotor® rather than the effettt of the prepared 

notes.
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Table 4.14

CoffiparlBon of Pre-Test and Post-TestScoreg for ContrQl.and.

Exp e.rimM t a 1.... t o  q.up...,4.S,t «d ̂n, tei-.

m- Ho - th©r© is no signifioant difference between the pre­

text and post-test scores of the ©xperiaental group and the 

pre-test and post-test of the control group

Grovip N Mean <%) Std.
Dev.

tcailc Gritioal 
t-Values 
5% IX

Experimental

Pre-test
H

12 49.4 19.6 3.230 2.308 3.335

V,
Post-tesi 12 eu.4

Control

Pre-test 18 37.2 12.7 0.969 2.228 3.169

Post-test 18 43.1 17.2

m
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4.3.2 Ipdivicjual Item Analysis of the.Post-tBg.t..
T-'

This w«L® don® to determine the rssponse pattern within the 

expsrlaental and oontrol groups. It was hoped that this 

smalysi® would give more information regarding th© d©gre® of 

suooess of the teaching method in alleviating specific 

misunderstandings in the problem areas identified earlier. 

T|!i© quaetions were grouped as follows : 

ionio and eleotronio oonduction - questions 2 and 9 

eleotrode processes and terminology -• questions 1,4 and,7 

electrical neutrality - questions 3,5 and 12 

aspects relating to cell components, cell ©mf and current -* 

questions 8, 8,10,11 and 13

4.3.2.1 Ionic and Eleotronio Cpndu.otlon

Comparison of the percentage of students who ohos® the 

correct alternative indicates that in all groups except group 

1, the students comprising th® experimental groups performsd 

better than those in the oontrol groups in question 2 (Table 

4.15). This suggests that tha instructional method was 

successful in bringing about more learning regarding the 

movement of electrons in solution. The performance in 

question 9 also shows a similar trend with th© students in
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the ©xperiaental groups performing better than those in the 

control group*. This question was, however, answered less 

satisfactorily than question 2, with less than 50% of all 

students, except Chemistry 100 and Chemistry 121 

experimental, choosing the correct alternative.

Table 4.15

Relating

?e . o:t !5tua.en.ts unD_QSJin̂ -j..a.aa..iiJ.x.exn.aju.:' 

tn rnn-fn snri Klent.ronio Conduction in fcha

.MU,s.s..c.iv,Q.as.

Posh-Tfiist

2

CJroup
a

Alternatives 

b c * d e +

Control
ClOO 4 4 81 0 11

1 Experimental 
ClOl 8 5 77 0 10

Control
Clio 4 17 51 0 28

2 Experimental
c m  1 7 78 0 14

3
C121 Control 8 8 77 0 7

Expt. 10 0 80
u

10
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Table 4.15 (Continued) 

Group® Alternatives

4
HDE Control 12 12 84 0 14

Expt. 0 0 100 0 0

®u aat1on JL

a b 0 d + eXc

1

Control, 
ClOO 11

' i- ' I

4

i

3 23 59

Expt. 
ClOl 10 8 8 31 43

Control

Clio 13 20 11 32 24

2 Expt,

c m 10 10 11 33 36

C121
3

Control 18 18 9 27 27

Expt. 10 20 0 20 50

HDE
4

Control 6 18 12 40 24

Expt. 0 0 0 36 84
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tatl® 4.15 (Coiitinu©d)

Qijestion 9

Altsmativ© analysis

ClOO Cioi Clio c m  C121 HDl 
e 0 @ o @ cj e

Statement 1 18 2S 34
•(txiie)

(a + b + o)

Statement 2 3i 50 04
(trufe)

<a 4- b +d)

31 45 30 36 0

54 83 50 84 38

* InMoates the oorreot i^&spons©

+ indicates loit prevalent iieoone©&biofi 

©'-'-control ’

© i; ©s£|>©s?ita@ntal '



153

4.3.2,2 Eleotrotie Prooesses and..TerBiinQ_lQjaa:

In general the responses to the questions indicate that the 

experimental teaching method was successful in helping 

students to understand electrode procefcises and terminology 

used in connection with electrochemical processes.

Questions 1 and 4 investigated the understanding of electrode 

processes. In question 4, the students in the experimental 

groups performed better than those in the control groups 

except for group 1. In question 1, the experimental groups 

of groups 2 and 4 again r arformed better than the control 

groups while the control groups in groups 1 and 3 performed 

better than the experimental groups. This result may be 

exF<?C'ted since the statistical analysis indicated that the 

control group 1 students were of higher ability than the 

experimental group (section 4.3.1), It is not clear why the 

control group 3 students performed better than the 

experimental group (Table 4.16). The performajnce in question

1 was generally poor with less than 40% of students 

in all groups selecting the correct response. Question 7 

investigated the understanding of the terminology cathode and 

anode and how it can be confused with the polarity of 

electrodes. The success of the experimental teaching method 

is also evident in this question. Except for group 1 the

#
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only disorepanoy in this case is shown in the Chemistry 121 

group where the control group performed better than the 

experimental group.

Table 4.16

9

Percentage of Students Ghoosintf each Alternative in Questions

Relafej.nML_ to_ ̂ Sleotrod© Processes and T_erjiinoloSv in the Post-

Question 1

Group Alternatives

a + b c ^ d e +
Control
ClOO 11 0 37 6 46

1

Expt,
ClOl 23 2 32 12 32

Control
Clio 15 2 11 13 60

2

Ixpt.
Gill 15 2 15 10 58

C121 23 0 23 0 54
Control

3
C121 20 0 20 10 50

Experimental

HDE 35 0 12 24 29
Control

4
HDE 27 0 27 0 45
Experimental



?i55

Table 4.16 (Continued) 

ausggtion 4

3i*oup Alternatives

-

-',®

a + b c ctr’ e *

Control 
GlOO y 10 3 4 3 80

- 1 Ixpt. 
ClOl 12 3 5 6 74

Control
Clio

2
26 0 11 4 80

\

Bxpt. 
Clll 20 1 3 7

\
69 \

C121
Control

3

8 15 8 15 54

C121 
Expt.

10 10 10 0 70

HDE
Control

4

6 6 18 0 70

HDE 
Expt.

10 0 0 0 90

m
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■6*

vw-t' 'J-

-

% '' 

P

Q n e s s t i n n  ?  

G-roup Alternatives

a b * c d + e

Control
ClOO

4 56 4 24 12
1 Expt.

ClOl 3 53 18 23 3

Control
Clio 9 52 4 24 11

2 Expt.
n i l 4 58 2 28 8

C121 0 77 0 23 0
Control

3

C121 0 60 0 30 10
Expe'- i Mental

HDE 6 34 12 24 24
Control

4
HDE 18 55 9 9 8

Experimental

Question 4 was answered correctly by a large proportion of 

students in all categories. This is contrary to what was 

expected since in the interviews many students said that the
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eleotrons com© fro» the dic^ooiation of the <̂ inc sulphat© 

solution by the ©leotric current. Th© ohoioe of (d) In

question 7 indioat©!! the oonfuaion between th© Iterms anode
i )

and oathode.

i'

4 . 3 . 2 .  S E.leQ,.t,rlGal lf!gutra,llts

, t-

k
%

Th© #ffeotiv@nts@ of the teaohing wethod Ig evident in 

questions 3 «ad 5 (Table 4.17) wh@r9 th® ©xperiaeatal groups 

performed better than th© control groups (exo©pt for grou^> 1) 

Th# BUGo^ss ©f th© teaching method is, how©v©r, not olearly 

demonstrated in question 12 where th® HDl experimental and 

Clll (experiasntal) p®rforjD®d poorer than th© oo«t©gponding 

control ifroups, Ther® is, however, a si^ifioant d'ffereno©

in th© soor®s of th© dl2J @xp^ria©ntal and control groups' in
 ̂•/

this question,
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Table 4.17

. «

Pertientaga ,0f Students -CLhoQMn.g-..EafiJ3.-Alteraati-V.e.-..i£L 

Relating to E1 e o t r jo a 1. .H eu t r ali.t.y_..i.n -t he. f Qst-r.T-e.sji

Group Alternatives

#

m

Si + b + 0 ^ d e

1

Control
ClOO 28 10 53 1 9

Expt. 
ClOl 23 17 39 8 11

Control
Clio 22 23 36 4 ■ \B

2 Expt.
Clll 25 20 43^ 2 11

3

C121
Control

31 15 31 0 23

C121 20 
Experimental

0 70 0 10

4

HDE
Control

12 18 46 8 0

HDE
Experimental

0 10 90 0 0
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Tabl® 4.17 (Continued) 

B3iasJUu2ii™5.

Group Alternatives

a b * c d + @ +

Control
ClOO 2 82 , 7 15 13

1

Expt.
CK31 5 55 6 11 23

Contra1
Clio 2 51 2 18 27

2
,Ispt.
c m  o 2 54 6 17 21

C121 0 46 15 23 18
Control

3
C121 0 60 0 10 30
Ixptrimental

HDE 12 53 8 29 0
Control

4
Ki)S 0 91 0 0 8

Experimental
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Table ,4.17 (Continued)

aujaaMm_JL2.

Group Alternatives

a + b + o + d e *■

Control
ClOO 7 26 15 0 32

1 ■
Ej*ipt.
ClOl 20 15 28 0 37

Control
Clio 15 22 26 24 33

2
Expt.
Gill 10 20 22 9 30 -

C121 23 8 31 0 ?8
Contafol

3
C121 0 80 10 0 80

Experimental

HDE 6 29 24 0 41
Control

4
HDE 28 0 38 0 38

Experimental

In question 6 the common distraotors were (d) and (@). The

ohoioe of (d) -ono© again confirms the widespread nature of

f
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, «

the misoonception that electrons are found in solution. 

The choice of (e) on the other hand points to a 

ffiisundersftanding that oould arise from the oonfusion of 

polarity of ©leotrodes.

4.8.2.4 Aspeota Relating to Cell CQinponejits,._..G.eIl.Em£-_.aD^

Ca.ILg.tn±..

The responses to these questions do not clearly 

illustrate the success of the method in helping students 

distinguish between current and voltage. It appears that th© 

method was only minimally effective in helping students 

acquire a qualitative understanding of how a difference in 

potential arises in a cell.

In question 6 (Table 4.18) for example, the performance of 

the ClOO and ClOl is very similar while the CllO performed 

better than the Clll who were the experimental group. A 

similar trend is also observed among the C121 students where 

the control group performed better than the experimental 

group. Only in the case of the HDE students 

was the experimental teaching strategy relatively, 

sucf^essful in changing the views of these students.
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Table 4.18

P-grc.aiitjagg, .of..

Relatinig to. ..Cle H  Comp.on/̂ iitLg,

1

Group Alternatives

#

«

a b c + d : e >!<

Control
ClOO 7 1- 4 9 2 78

1 Expt. 
ClOl 12 2 5 5 77

2

Control
Clio 4 6 21 6 63

Bxpt.
c m 6 3 26 8 57

3

C121
Control

8 0 15 0 77

C121 20 
Experimental

0 10 0 70



Tabl©4.18 (Continued)

Question 8 

Group Alternatives

HDl 18 0 0 8 76
Control

4
HDl 0 9 0 9 82

Experimental

Question 8

droup Alternatives

a b >K 0 d + ©

Control
0100 4 41 4 41 10

1

Bxpt. ii
ClOl 6 I 49 3 24 17

Control
CllO 11 30 2 33 24

2

Expt.
Clll 7 41 6 30 18

dl21 8 46 ,|D 23 23
Control

3 :
C121 0 50 0 0 50

Experimental
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Table 4.18jj (Continued)
\\

Question 8 

(Jroup

HDE
Control

12

Alternatives

o

35 0

EDI 0
Bxpetiaental

36 0

d+

35

35

18

/ ; 
1/

Gf oup Alternatives

a b 0 ^ d e
Control
ClOO 32 18 47 0 3

1 1

Expt,/
CIO If 32 24 42 2 0

\\

Control
Clio 41 15 33 7 4

2 w

Expt.
Clll 41 22 33 3 1

C121 31 8 31 15 15
Control

3
C121 40 40 20 0 0

Experimental
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Table 4.18 (Continued) 

Question 10 

Group Alternatives

a b 0^ d e

HDE 41 12 41 0 0
Control

4 ■:>
HDE li 18 0 BZ 0 0

Experimental :\

BiissilmLjJL

Group Alternatives

a b 0 + d 8 ^
Control
ClOO 2 6 20 4 68

1
Expt.
ClOl 8 2 22 0 57

Control
Clio 9 2 22 1 58

2
Expt,
c m 10 3 32 4 51

C121 8 15 31 8 38
Control

O

C121 0 0 0 0 100
Experimental

HDE 0 0 6 6 88
Control

4
HDE 0 0 18 18 84

Experimental
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Table 4.18 (.Continued) 

S.u.e8.t.iQiL-.1.3.

Group Alternatives

a + b c d * e

Control
ClOO 47 7 1 42 3

1

Expt.
ClOl 45 5 4 39 7

Control
CllO 32 17 ID 38 2

2

Expt.
'

Clll 34 11 11 34 10

C121 54 15 0 23 8
Control

3
C121 30 30 0 30 10

Experimental

HDE 82 19 0 19 0
Control

4
HDE 46 0 0 55 0

Experimental

m
* indicates the oorreot response 
+ indicates the prevalent misconoeption(s)
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As indicated earlier in chapter 3 (section 3.1), questions 

relating to the understanding tSf half-cell potentials and 

cell emf could not be included in phases II and III because 

the interviewees were unable to verbalise their views on 

these concepts. Consequently, the possible sources of the 

misunderstandings relating to these concepts could not be 

discussed in phases II and III as was Lhe case with other 

concepts which interviewees experienced problems with. The 

interviews were instead conducted with HDE students in this 

phase and the possible sources of the misunderstandings ar© 

discussed in this section.

One of the sources*, of misunderstanding of cell emf and 

current appeared to be due to the lack of knowledge of the 

role of components such as the ammeter and the voltmeter.

Many students perceived the function of the ammeter and the 

voltmeter to be the same. For example, the voltmeter reading 

was often referred to as an indicator of the cell reaction 

rate. In question 6, for example, the prevalent misconosption 

is (c), that is, cell emf is an indication of current flowing 

in the external circuit. The deduction which follows from 

this latter statement is usually "the higher the cell emf, 

the faster the cell reaction". The responses to question 13 

seem to indicate that a large percentage of students who

k-.. mamstm
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indioated sfcafeemehfe (a) as true could have used this 
r®asoning in respoiis© to this question.

It is possibl© this misconception could arise from textbooks 
which indioate the movement of electrons in the external 
circuit and a voltmeter connected. It might be that th® 
students interpret this to mean that the voltmeter indicates 
the movement of electrons, the diagrafe belo?r shows sunh a

V ‘ J
fioture from a textbook.

Ssli bridge contalnfeg KNO 3

£ b  c

Poroiis plu&s

Cethode

1—M Ag"̂  soluttoi!
Anocl&

1—M Zn*'*'sol«8on

(Reference: Toon, E.R. and Ellis G.L. (1973). Poundatiens of 
Chemistry, 2nd edition. Holt, Rinehart and Winston, New 
York).
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Responses to questi<in 10 also indicate that the students 
associate potenti*il difference with the movement of electrons 
or 'circulation of charge'. From the high percentage of 
students who indicated the correct alternative in question 6, 
it might be presumed that the students have a fair to good 
understanding of potential difference. The responses to 
question 10, however, indicate that although the students 
know the formal definition of potential difference, they do
not in. fact understand haw it arises. This finding is'/
similar to that of rese^ch done on understanding of DC. , y  -//
circuits. In that re^;larch it was found that many subjects 
perceive potential difference to be a consequence of the 
movement of electrons, rather i^h&n the movement of electron© 
being 1 conaequenoe of the existence of a potential 
diff'srenoe (Cohen, Eylon and Ganiel, 19H3).

. w

4,3,3. Comparison of Post-Test. Resnlfcs of First Year Strideni'.s 
Involved in Phases II and.,JII„._anf‘;.£Jmga-I.\’:.

9

The aim of this comparison was to find out whwther the notes 
alonft helped the control group 3 students involved in this 
phase to learn. This comparison was done by comparing the ' 
performance of these students with those involved in phases
II and IIT who did not receive printed notes. The comparison
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was don© on ®ev®n questions which were used in phases II and
III and also in phase IV. Four of th© cauestions wer^, of t.h® 
raultipl® oi;oic8 type that i® questions 1 , 2, 3, and 8 
(Appendix G), while thre® %0s& of the assertion-reason typ®, 
that i® quegtlons 9, H  and 12 (Appendix G),
Th® performance of the two group® of students is suiamarlsaid 
in Table 4.19.

T&bl# 4.10
\\

Qaestiong in Ph.asjftA_i|... and,, III.Mid -£li,afi,g.-IE

i' '' .

' /Qtai'̂ stion 1 (Satsta.on 4 - Appendix ̂ ;S>
; '

Altdrnatives

a
b
o ^ 
d 
e

Control tooilp 
(Phases II and III)

2?

27
13
13
20

Exp&>'imental Group 
(Pni.se IV)

23
0

23
0
54

k ,
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Table 4.19 (Continued)

d}-

Question 2 (Question 
Alt®3?natlv#a 

. a jj
■- b 
0 ^ 

d , 
e

3“Appendix E) > 
Control Group 

7 
It 
33 
0 

47

Experiwsntal Group 
8 
8 
77 
0 
7

Qu®gtion &(b) (Qusstlon 7(b) - Appendix B) 
Altsrnatives Control &3?oup ixpsriroental Group

a 20 81
b  ̂ 20 15
0 * 40 31
d \\ 7 0 )
S’ \ \ 14 S| _ f

Question 8 (Question 
Alternatives

1 ~ Appendix B) 
Control Oroup Kxperiiaen bal Group

a 8 8
b * 47 40
c 7 0
d 27 23

13 28
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Table 4.19 (Continued)

QuesMpn ,0 (Question 10 - Appendix E) 
Altern&tivea Control Group

a

\x o
d
@ 5K

57
14
14
14

0

Question 11 (Question 12 - Appendix E) 

Altfrnatlves Contsol group

a 27
■fe' 13
0 40
d 7
© 13

Experiiftental Group

'"-48

27 ■
27

Ixp%rim®ntaX Group

8
15
31
38
28

■ n
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I

Table 4.19 (Continued)
Question 12 (Question 11 - Appendix E) 
Alternatives Control Group

a
b
0
d
e ^

36
14
36
10

4

Experimental Group

23
8

31
0

38

* Indicates the correct response
i

In five of the seven questions (Table 4.19), there is 
evidence that the notes alone can help students learn. These 
are questions 1, 2, 9, 11 and 12. In all these questions, the 
percentage of students who ohose the correct alternative was 
higher in the experimental group compared to the control 
group. In question 1, for example, 77% of the experimental 
group students chose the correct alternative compared to 
33% of the control group. In the remaining four questions, 
howeverj the performance of both groups is poor although the 
notes do appear to have helped since the percencage of 
students choosing the correct alternistive was always higher 
in the experimental group than in the control group.

Mm
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1'.

In ques^Mpng 3 and 8, the notes in themselves do not appear
V\

to hsve enhanced learning. The pattern of responses in these 
two questions is the same for both the experimental and the 
control groups and a comparable percentage of students chose 
th'3 correct alternative. In question 3, it appears that 
experiments are necessary to confront this misunderstanding 
on the function of the salt bridge. Seventy percent of the 
students who were taught using the instructors notes, 
indicated the correct choice in this question, compared to 
40% and 31% for the control and experimental groups 
respectively in this comparison.

In question '8, it appears that even the use of the 
instructors notes does not help the students to learn. This 
question was poorly done even by students who were taught 
using the instructors notes. The main distractor was still
(d) which suggests that an electric current breaks the 
electrolyte into positive and negative ions. This possibly 
points to a weakness in the instructors' notes in confronting 
this misunderstanding.

V

Baaed on the above r̂ ŝults, one can clain that the notes can 
help the students to learn. The performance of students who 
were taught using both the student and the instructors notes,
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however, demonstrates that further significant learning takes 
when the misunderstandin^s ar© confronted by performing 

experim©nts and (demonstrations. The instructors notes are 
therefor* an indispensible part of the experimental teaching 
methods



CHAPTER 5

CONCLUSION

This study has revealed four major misoonoeptions among 
different groups of students and pupils regarding their 
understanding of the mioroscopiG processes which take place 
in operating ©leotroohemioal cells. The results indicate 
that misooaoeptions are present among a wide cross-section of 
pupils and students. The major difficulties found are • 
associated with an inability to interr ' raicroscopio 
processes qualitatively. Although there is a gradual 
decrease in the occurrence of these misunderstandings at 
higher educational levels, it is of concern that even in the 
final year of University study, some students still hold 
erroneous views similar to those of high school pupils.

In the case of electronic versus ionic current, the common 
error was for students to consider current as electronic 
in the electrolyte. This perhaps is not surprising and 
suggests that students are generalising to circuits

li
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containing eleotrochemical cells, their toowledge and 
experiences from circuits encountered in physics where it is 
often assumed that current is electronic in all parts of the 
circuit. By the time they do electrochemistry, students 
involved in this study would have received several years of 
formal teaching of electrical concepts. Furthermore, most 
examples of DC circuits include a battery (of galvanic 
cells), the internal workings of which are ignored in physics 
discussions. Indeed there are many cues suggesting that 
electrons do flow through the battery.

m

In the case of electrical neutrality, the causes of the 
problems seem to emanate from the misconception that 
conduction in the electrolyte is due to the movement of 
electrons. Students who held this misconception often 
indicated electrons balancing the positive charge in the 
electrolyte, cases where students were not influenced by 
this belief, the confusion seemed to be associated with 
misinterpreting the meaning of a half-cell, so that students 
tnought that positive charges can be in one half-cell and 
negative charges in the other and conisidered as a whole, the 
cell would still be electrically neutral.
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Problems related to interpretation of electrode processes 
seem to be multivariate. The terminology used, however, seems 
to be a major obstacle for students.

The fact that students do not understand the role of each 
component in a cirouit containing an electrochemioal cell 
seems to be a major source of difficulty in understanding 
aspeots related to ourrent and voltage. The failure of 
physics 4o deliver this, impedes the understanding of 
electrochemistry.

The causes of misunderstanding electrochemical processes 
are complex and varied. Aspects of ionic conduction, 
electrical neutrality and electrode process are interwoven 
and cannot be understood in isolation from each other. In 
this work, there is evidence that misunderstanding of one 
concept can lead to misunderstanding others. The cell thus 
has to be understood in its entirety.

The methods of instruction and some textbooks, however, 
seem to be a source of several misconceptions identified. 
The terminology used is also a major hindrance.
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An analysis of the understanding of these concepts and tiie 
possible sources of misunderstanding has led to the 
development of an instructional method. The statistical 
analysis of the outcomes of employing this approach shows 
that it was effective in bringing about learning of some 
eleotrochemioal concepts. The method, however, showed 
only minimal success in helping students understand the 
concepts of current and voltage. This may be an example of 
learners holding to their original views regardless of the 
instruction they receive. It may also be that the 
instructional program did not adequately address 
the aspects related to current and voltage. While the 
instructional strategy developed in this work was not 
effective in all respects, it nevertheless helped many 
students to understand where the difficulty with some of the 
electrochemical concepts lies. It is possible that they 
could correct them with time.

5.1 Recommendations

Certain recommendations may be made as a result of this 
study. This study most definitely indicates that it is 
necessary to alter the traditional method of teaching



electrachefflistry if erroneous beliefs are to be replaced with 
scientific explanationB. The change should bs such that 
qualitative interpretation iis incorporatsci. Qualitative 
intsrprstatisri is presently being ignored and the emphasis is 
on «-anipulative tasks. Th® desifn of CfrefuHy written note® 
which are based on rssaearch on studeni:s fflisunderstanding® is 
an indispensible step in achieving this goal. The Motes 
compiled in this work appear to have considerable'potential, 
particularly if accempanied by instructor's notes on haw to 
address misconceptions^ The student notes could be made 
available for students to refer to in addition to thair 
clas^ note®* Instructors notes* can al o be extremely useful 
if made aTaiXsiLbl® for tigferenoe by teaohexs and lecturers. 
Furthermore, secondary Siobool teachers should deal with 
misoonoeptions explicitly and spend class time making 
specific mention of possible areits of ponfusion. In fehiM m y  
possibilitieis for misinterpreting events oan b© minimiaed. 
There needs to b© close oo-operation with the physio® 
department on this topio and possibly many others. If this 
liaison takes plmoe, so»e aisoonoeptions aay be avoided.
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APEEHDIjLA

Twelve interviews were conducted with groups of high school 
pupils, college of eduoation students and first year slow- 
streum students (See Chapter 3). One interview from each 
category of stud&nts? interviewed was selected for this 
appendix. These three interviews are representative of the 
misunderstanding's identified from the group interviews.

Not all the interviews are quoted in full. In some cases, 
the students deviated from the main thrust of the diisoussion, 
Such episodes which had no significant bearing on the 
discussion are not included.

XHEBHEiL-a 

High S.oh.Q.Ql...£.uall5-J:.Hl,gher Qcade,). S..t.and.ard.„lg.
S,e t-0.E. ■ .Ti3..-SMH j;.QD,di3̂ ^
2.0 I: What does the glowing light indicate?

O
2.1 PI: It shows that the circuit is complete and

there is a flow of current.
2.2 I: Shat would you say current is?
2.3 Pi: Electron flow going through the solution to 

the other side of the circuit.
2.4 P2: Ions, positive or negative.



Hlffh School PupAla (Higher_Grade.)..Standafd 10
Set-TJp ; To Show. Conductivity

I O

©

2.0 I: What does the glowing light indicate?

2.1 PI: It shows that the circuit is complete and
there is a flow of current.

2.2 I; What would you say current is?
2.3 Pis Electron flow going through the solution to

the other side of the circuit.

2.4- P2: Ions, positive or negative.



o

o

2.5 I; You have talked about electrons and about
ions. Where are the electrons moving?

2.6 Pi: From the battery through the solution and
dissociate the ions in solution and straight 
to the other side of the battery.

2.7 I: Wfeat happens at the interface of the 
electrode and the solution?

2.8 P3; There is a flow of electrons or l.ons
between the plates. One of them replacing one 
or the other, I know there is a reaction 
happening at the plates and movement 
through the liquid. Electrons or ions 
depending on ------

2.9 I: What is moving in the external circuit?

2.10 P4; I think its the electrons which are
flowing but because of the ions in the 
solution. I think the electrons are flowing, 
ions are breaking to Na* and Cl- , 
they will be attracted to the positive or 
negative electrode. Because there is an 
excess of positive or negative, there’s a flow 
through the wire into the battery.

2.11 P3: Ions are moving tstween the plates in the 
solution and electrons in the wires but 
how the two affect each other 1 am not sure. 
I am not sure how they connect up.

2.12 I: What do you think the battery does?

2.13 PI; Supplies electrons.

2.14 P4: I am not sure about the battery.



Later

2.27 I; Lets look at the circuit and summarise what
we have said so far.

2.28 PI; There’s Na+ and Cl" ions ; not s-.re
which electrode is positive and which negative. 
But whichever is positive the Cl" will 
be attracted to it. The Na+ will move to 
the negative and this will cause an excess 
of charge on the electrode and that will 
causi? a flow.

2.29 P4: Electrons are coming along one aide, 
negative plate ft-bm tH^ battery ~ Na+ 
attracted to the electrons to form sodium. 
The Cl“ has an e^tra electron from 
original NaCl then gives the electron to 
the positive plate then continues the 
journey along the wire.

\\
}}

2.36 PI; I am not sure which is the anode and
which the cathode in the cell.

2.37 P2; Cathode is poagtive and anode is negative.
2.38 P3; For instance, If /ou give me a diagram

and ask me t6 tell you which one is a 
cathode and which one the anode, I will 
not be able to tell you.

I)
Q  ■ 2,39 P4; Work out whi'*h one is positive and which

one isnaeejative.

i 2,40 I: How would you do that?



2.41 P2{ Look at the chemical reaction that’s 
happening and the positive plate will 
be the one where the electrons are being 
taken out of solution and the negative 
plate where they are being brought from 
the battjp'Ly,

2,42 I: Can you elaborate oĵ what is being taLen 
out of the solution and others from the 
battery.

2.43 P2t Some electrons coining from the battery 
into the solution. Othei-s coming out of 
the solution into the battery.

2.44 I: Lets move on to the galvanic cell. We
will discuss the conductivity cell again 
later.

The Dariiell.Cell

2.45 P4: We did the electrochemieai oejl aheS we 
had a salt bridge. Why don’t i-ou have a 
salt bridge here?

2.46 P2; In the electrochemical cell there’s a
reaction in one beaker and another reaction 
in another. The salt briui|e serves to 
transport molecules so that the reaction can 
continue.

2.47 P3: A salt bridge is used if you want the
reaction to last longer.



2.48 It i! What do you mean?
2.49 P3: I rtimeinber something to that effect.
2.50 P2: All I know is that ions flow through the

salt bridge. I don’t think it will take 
any longer because if you have a certain 
amount of Cû * in tha beajfc«r thats all 
you got.

2.51 I; What ions are you referring to in this casv. )
2.52 P2j The copper and the/aino V The copper

ions go to the 2ijq[c ion^ anfi the ginc ibns 
to the copper ioniiy*

'A
ii

: '2,53 P3: But don’t we In separate beakers
to keep them apart?

2.54-; P4-: I know we need it, it has to be there, but 
I don’t know why. Because you have your 
copper attracted to the negative 
electrode in this“ beaker and the zinc 
attracted to the positive one« Why do you 

^  it. What do you need a salt bridge 
fii'? It doesn’t need to transport anything.

I  2,55 I; We will discusss the salt bridge next week.

' W



o

.« ■■

Eirst. year _slow::istj.eatm.. stijients

Set-Up.V Electrolysis of Ague<)̂ g__CQpjBej::_sl̂

7.1 I; What does the glowing light indicate?

7.2 SI: I think it has to do with the movement of
ions.

7.3 S2; There’s a flow of cu4'T;ent

7.4 S4: There’s a flow of current in the solution.
It come from the battery then through the 
solution to the other side.

7.5 I: What are you reffering to when you jay 'if?

7.6 S4-; The electrons g nerated from the battery.

7.7 S2t The electrons floft through the solution to 
the other side otherwise the bulb wouid not 
glow.

7.8 S3; Wouldn’t the solution be some kind of
conductor? The electrons would then flow 
through it to the other side - or is it the 
ions? I am not cure.

7.9 I: Do you think thr battery is making or 
storing the charges?



7.10 S2; I think it is storing them*

7.11 SI; I‘also think so.

7.12 S3; 1 think there is ^ store of electrons there 
ready to flow.

7.13 I: Do you think there is a chemical reaction 
going on inside the battery?

7.14 SIJ Inside the battery! (Surprise) I don’t 
think so.

7.15 S4-; 1 think so. I don’t know what substanqe
is inside there. Bsit I think the electrons 
are made inside and then stored and tl̂ ey 
are ready to flow.

7.?9 I; Is there a reaction at the electrodes?

7,VI SI; Isn’t the electrons from the electrodes 
are getting into the soluticn and the 
reaction takes place there. At the other 
electrode, the electrons are again taken up 
or attracted by the electrode out of 
the solution to the other side of the 
battery and then continue the flow.

7.18 I; What do you think?

7.19 S3; The same r̂eally. The electrons move from 
one electrode to the other carried by the 
ions.
(Interview ended her - students had to go 
for a lecture)
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INTERVIEW 10

Discussion of the 10-Item Multiple Choice Questionnaire
1..2I

Note; Some of the questions had already been discussed with 
high school pupils and only a few are discussed in t.his 
session#

10.1 I: Lets start with tjuestion 4- on page 2.
What is the function of a salt bridge?

10.2 S2; I think its function is to transport
molecules from one half-cell to the other.

10.3 Sis Another function is to close the circuit.

10.4 I; Which alternative would you choose in
question 4?

10.5 SI: Alternative (b) - transporting molecules
from one half-cell to the other.

10,6 S2j I think it is (d) - to ensure that one 
half-cell is positive and the other is 
negative

Cl 10.7 SI: It can’t be (d) because if you take the 
salt bridge out, one half-cell is still 
positive and the other is negative. So I think it 
is (b).
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10.8 I: Whal: do we normally put in a salt-bridge?

10.9 (Students) ; A salt such as NaCl, KCl, CaS04 etc.

10.10 I: What does alternative (e) mean? Providing 
electrical neutrality in the cell?

10.11 S2j i think it means providing neutral elements 
to each half~cell.

10.12 S3: I think it means that the salt bridge can
accommodate any excess Ions which are formed 
in the two half~ceils.

10.13 S4-: I think it means that the salt-bridge 
can act as a means of balancing the 
two half-reactions in the two half-oells.

10.14 Can you explain what you mean by balancing?

10.1'; S4: For instance, if you have in one half-cell 
an excess of positive ions then it will 
provide negative ions to neutralise,

10.16 I: For those who chose alternati%'e (b)
transporting molecules from o>e half-cell 
to the other, which molecules are being 
transported in this case?

10.17 S2i I think zinc.

10.18 S4; Do you mean zinc ioiis or zinc sulphate?

10,19 S2: Sulphate does not do anything, so I mean 
sine ions.
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10.20 S2: I don’t think molecules will be
transported in tMjs^csxxr^^cause in ainc 
sulphate there jh a zinc electrode and in 
copper sulphate/there is copf̂ ar and there 
will be ftcr reaction.

10.21 I; Lets move on to question 9. Which is the 
offrrect alternative?

10.22 (a) is false - it matters which electrode
!i i£,> in  ̂’ ich electrolyte.////';( (by - If you have graphite replacing the 

it cannot allow flow of 
'’riî ons so it cannot nTark.

10,23 SV fi'' <ian conduct ele^'tricity then
-,'"̂ 11 operate.

10,24 S4-; Taking coTisiLderation that in both
beakerr arĉ j- dissociation the sulphate 
ions will he t,.ransported by the salt-bridgei 
I don’t thiiik graphite will do the came.

10.25 SI; I think the cell will not operate because 
it will be serving the same purpose as the 
ainc (electrode!) and there will be another 
reaction on its surface. It will retard the 
process.

10.26 S4-; I don’t think that graphite will serve the 
same work as the salt-bridge.

10,27 It Lets move on to alternative (c) - the 
sulphate ions will be attracted to the 
positive electrode.

10.28 S4: It is not correct.
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10.219 SI; It is coi'rectj because negative ions go to 
the positive electrode and positive ions 
go to the negative electrode.

10.30 S3: I object because in thejse solutions (i.e* 
the two electrolytes), sulphate ion is a 
spectator ion - it does not take part in 
the reaction. What is reacting is the zinc 
and the copper.

10.31 S2; What do you mean it is a spectator, do
you mean it is a catalyst because catalysts 
are the on«s which don’t take part in a
reaction.̂f 1

10.32 S3; No it is not a catalyst. It is just
accompanying the ainc ions and the copper 
ions.

10.33 S4: Maybe then the function of a salt-bridgs 
comes in here with the sulphate ions. 
Where there is excess of some ions, e.g. 
swlphate, more that zinc ions, then the 
salt bridge will neutralise the sulphate 
ions “ so that the other half-reaction 
should take plsice.

10.34 S2: I seem to confxise spectator ion and a 
catalyst.

10.35 I; I will explain the two terras later. Lets 
look at question lets look at each 
alternative in turn. What do you think 
about (a) - flow of electrons and ions 
from one electrode to the other in the 
solution?

10.36 81: It sounds reasonable.
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10.37 I; What about (b) - there’s a flow of
electrons from one electrode to the other 
in the external circuit.

10.38 S4: It is correct.

10.39 I; What about (c), (d)i and (e) ?

10.40 S2: (e) is correct all the others are wrong,

10.41 S3: No its not - ions and ■'Jire? No it 
can’t be.

10.42 S4*. Yes you are right. If you replaced ions 
with electrons.

10.4) I: Why do you think (a) is correct (Asking 
1 student 1) ? - theres a flow of ions ahd

electrons in the solution.

10.44- SI; Yes if a solution is going to provide 
ions, there roust ba electrons there.

10.45 S2: If copper sulphate conducts current,
there must be electrons in the solution.

10.46 SI: Yes if we take the copper sulphate molecule 
we know that there are electrons in it 
and the number of electrons is equal to 
the number of protons. Immediately it 
starts forming copper ions,and sulphate 
ions —  we cannot talk of ions without 
electrons — - I think what happens is that 
electrons in the outer circuit do mix with 
the ions. Writes: CuS04— ► Cû * + S04^"
So now the electrons will be released into 
the solution.
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. V
10.47 S4-: Let me just explain something before I get 

confused. Actually if we look at one 
half-cell, Writes ; Z n S 0 4 ► Zn2* + SO^^" 
the sine plate will not react with zinc 
ions and sulphate is not reactive. The 
zinc electrode will release electrons and 
they will be accepted by the copper ions 
and form copper atoms which will be deposited 
on the copper electrode.

10.48 SI; Why can’t the electrons be accepted by 
the copper electrode?

10.49 S4-: How can that be? the copper electrode 
we have copper* atoms these cannot accept 
more electronB.

10.50 SI: I understand.

10.51 S2: I want to know whether in an electrolytic /
cell the electrons pass through the solutif/n 
to complete the circuit, jj

II

10.52 S4; Let me ask you -• Do ions condubt
electricity?

10.53 S2: If you have for example, a solution 
of copper chloride with electrodes and a 
b:ittery connected, and if you connect an
ammeter - what the ammeter will read is 
the amount of charge, that is, electron 

® flow so then the copper chloride has
dissociated into copper ions and chloride 
ions - so what it means simply is that 
electrons have, gone through the solution.

©
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. V

10.54 SI; I want to add on to what he has said.
If you have copper sulphate solution, 
and dip electrodes in it, and join them 
and an amiftetei*, the instrument will 
measure f/ w of charget If it registers 
a reading, it implies that the solution 
is a conductor and current flows through 
the solution in the form of ions and 
electrons.

10.55 S4; I think its a flow of ions only in the 
solution.

10,56 S2; If you thihk there’s a flow cf ions
only in the solution, how then are the 
electrons passing through, are they jumping 
the solution and going over to join the other 
electrode?

10.57 S4-: They react at the electrode.

10.58 SI; How?

10,5S S2; If I put .an ammeter are you saying it 
will read flow of ions?

10,60 I: We will discuss this before we start next 
weeks session.

&



INDIVIDUAL INTERVIEWS - PHASE I

Eight interviews were conducted with first year slow stream 
students as indicated in chaptsr 3. Three interviews which 
are representative of the misunderstandings identified were 
selected for this appendix.

First Year.SlQW-Stream. Studen_t.

Set-Up:Electrolvsis of Aqueous CuGla with (jraphite

11.0 I: Can you explain what processes you think 
will take place when we connect this 
circuit?

11.1 S: Electrons are passed out of the battery
down the one wire and go into the cathode, 
The cathode is giving off ions and these 
ions will pass to the anode which is the 
negative electrode and up the anode back 
to the battery.

11.2 I: What goes back to the battery?



11.3 S; .BThe electrons.

11.4- I: Can you repeat your explanation again ?
I thought you talked about electrons and 
and then ionsi I didn't quite understand.

11,5 S; The battery starts off. The electrons 
move from the battery to the cathode 
(the positive electrode) along one wire, 
and I am not sure if ions or electrons
are given off -- What is this? ----
reduction? Oxidation occurs at the anode. 
—  er - electrons are given off. (Writes 
Zn--- ».Zn2+ + 2e“.)

11.6 I: Where do the electrons go to?

11.7 R: Into the solution —  and then the electrons 
get attracted to the cathode and 
reduction occurs at the cathode; and 
this takes in the electrons and electrons 
go up the wire into the battery.

11,8 I; What is happening inside the battery?

11.9 S; Electrons are constantly flowing through 
it. There is a liquid inside the battery 
which is full of electrons.

11.10 I; Connects circuit. How do you think this 
brown deposit is formed?

11.11 S *. The copper is the Cu^* (positive ion), 
all the copper ions will be attracted 
to the anode. All the copper ions gather 
around forming the deposit and chloride
on the other hand will be attra«-ted to 
the cathode.



11.12 I: Does a reaction take place at the electrode 
where we see the brown deposit?

11.13 S; An oxidation reaction.

11.14 I: What do yoxj. mean by an oxidation reaction?

11.15 S: The gain in electrons at the anode, and
gain of electrons is an oxidation reaction.

11.16 I; What is gaining electrons here?

11.17 S; The whole electrode has a slight positive
charge (anode) and that attracts electrons; 
therefore is gaining, electrons - therefore 
its oxidation.

11.18 I: What is being oxidised?

11*19 S: Hrom -- not the copper - no the carbon
electrode is not being oxidised - Ah! 
oxidation occurs at the anodo -hmm - 
chlorine.

11,20 I: But chlorine gas is formed on the other 
electrode.

11.21 It must be copper that is being oxidised.

11.22 I: What happens exactly when 'copper* is 
oxidised?

11.23 S; Hmmm- gain in electrons. 

11.24- I; What gains electrons?



11.25 S; The copper ions gain an electĵ on.

11.26 I; And forms what?

11,27 Si And forms —  hmm - this is CuCls, then 
we ?iave Cû  , Cl" , Then the reaction
is Cu2+ + e---|pGu+ - that’s
an oxidation reaction - oxidation occurs 
at the anode.

11,28 I: But what is this brown deposit?

11,29 S: It’s those copper ions, they form around 
the electrode, they cluster arcand the 
electrode to form copper.

11.30 I; What happens at the other electrode? We
have chloride ions in solution what gas do 
you think this is (connects circuit)?

11.31 Sj Chlorine gas

11.32 I: How do you think rlbiis gas 1? formed?

11.33 S; Chlorine ions (Cl~) inside the solution
they will form chlorine gas and then give 
off electrons. But chlorine ions are being 
attracted to that electrode (referih&>to 
the anode) and they ~—  yah and give of2. 
electrons.

11.34- It Where do the electrons that are given off 
go to?

11.35 S: From the cathode to the an^de. They just 
move through the solution.



11.36 I!. w *How-are the chlorine gas moleculet. formed?

11.37 R; Two Cl" come together with 2e" (it must
be balanced) at the cathode; and form 
chlorina gas which is given off.

11.38 I: I thought you said the chloride ions gi*/
off electrons (line 11,33) ?

11.39 S: No they take in electrons. No they don’t,
they give off electrons because they are 
already minus. Those electrons that are 
given off are taken up by the copper. Uses 
them to form -- Ah! should that be 2 there? 
(line 11.26). It just forms copper Cu 

' (Writes: Cu2+ + 2e-.— *.Cu). The Cl-
gives off electron.3 at the cathode. These 
electrons are taken by the copper at the 
anode and foi*ms the brown deposi'

11.40 I; Do you have electrons going back to the
battery?

11.41 S: Hmm—  No. The electrons come up to -che
electrode. Now I have confused myself* 
electrons cannot go back to the battery, 
the battery wouldn’t go flat. You need the 
battery to start off. The electrons come 
over there (pointing to the cathode) - 
negative charge - the copper ions ai'e 
attracted to this electrode. The Cl~ is 
attracted to the other electrode.

i o
(Silence)

f- .

Hmm - so the electrons don’t in fa,ciit 
go through the solution, I would say it is 
the ions. Eh- electrons come up to here 
(pointing to the electrode where the copper 
metal is formed). Hmm -- metals conduct 
electrons because of metallic bonding- the 
electrons are delocalised - they move all 
around they are not fixed.



11.42 I; How does a solution conduct an electric 
current?

11.43 S; The two electrodes are charged, positive 
and i! gative and in solution we have 
positive and negative ions. Positive iuns 
are attracted to the negative electrode, 
and negative ions are attradted to the 
positive electrode, I am not sure where 
the electrons go. They go somewhere. Copper 
ions gain 2 electrons to form the brown 
deposit which collects around the electrode.
(Interview stopped at this stage the student 
had to go for a lecture).

Electrodes

12.0 It What do you think the battery does in this 
circuit?

12.1 S: I think electrolysis takes place inside

12»2 I; What do you mean by electrolysis?

12.3 S*. Some cheitiical reaction.

12.4 I: Can you explain further?
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12.5 S; Some chemical reaction to generate
electricity - somo electrons are given off 
to the electrode*

12.6 It What happens to the electrons when they 
reach the electrode?

12.7 S: They go through the solution. From the
battery into the conductor and to one of 
the electrodes - The free ions in solution 
transmit the electrons across to the 
other electrode. They then go back to the 
battery.

12.8 I; Can you say what ions wq have in a solutior 
of aqueous copper chloride?

12.9 S; Writes: CuClz--- Cu2+ + 2C1-

12.10 I; (Connects circuit). If you look closely, 
you can see gas given off at one 
electrode ar.d a brown deposit is formed 
on the othe What gas do you think this 
is?

12.11 St Chlorine gfts (; i(!i \
12.12 Is What about the brown deposit?

12.13 S: CopperI coating the electrode.

12.14- I; How do you think the copper is formed?



12.15 S; When chlorine gas is released, the
electrons will be transmitted to the 
electrode here {points to electrode where 
the gSLB is formed). So the copper ions 
in the solution will carry the electrons 
up to the othei' electrode (where the brown 
deposit is formed), and the copper ions 
'stick* to the electrode.

12.16 I: Do you think there is a reaction at the
electrodes?

12,17 R; I don’t think so.

12.18 I; How do you think the chlorine gas is 
formed?

12.19 S; When copper chloride is dissolvea in 
water, it breaks up -dissociates - it 
oxidises.

12.20 I*. What do you mean it oxidises? What 
oxidises?

12.2J S: The chlorine.

12.22 I; Can you write the reaction equation?

12.23 S: (Writes e- + Cl- ----- ►Cl)

12.24 I: What is oxidation?

12.25 S; Oxidation is when an electron is
removed from the cathode. The oxidation 
number becomer bigger.

0 12.26 I? Where are the electrons being removed
from in this case?



12.27 Ss From the chlorine ion.

12.28 I; Where do these electrons go to?
1112.29 S: I suppose they cross over ~ Thej'̂ e are

the electrons that provide the'ielectricity.

12,30 I; How ar« the molecules of chloidne gas 
formed Prom the ions?

12.31 S.* They form covalent bonds - they lose 
charge and — —

12.32 t; What forms covalent bonds?

12.33 S: The two chlorine atoms.

12.34 I; Wfê ere exactly does this reaction take 
place?

12.35 Sr On the electrode.

12.36 I What about the brown deposit ? How is 
it formed?

12.37 St The copper ion is positively charged,
it gets electrons from the chlorine - 

Q positive accepts electron from chlorine.
Chlorine has free electrons -hmm-

12.38 I: Do you think there can be a reaction at
one electrode and not at another?

O

I

12.39 S; No.
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12.40 I: WhV'liot?

12,41 S; Because it has to be a closed circuit 
otherwise electrons won’t flow.

12.42 Ij Can you summarise what we have discussed
so far about the processes which take place 
in this cell when it is connected?

12.4-3 Sj Electricity flows through the conductor, 
(metallic), oxidises the chlorine 
and chlorine gas is formed. Electrons are 
set free and copper ions (Hmm!). The electrons 
move across the solution free copper ions 
transfer the electrons across the solution, 
electrons go back to the battery — . I am not 
very sure.

INTERVIEW 14

First Year $lQ_w~Stream Student

.0 I; What does the voltmeter show ?
/!14.’ S: It shows the flow of //tiarge.

jj
14,2 It What do you mean by//charge?
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. c
14.3 S: Like you see when you conneqt an electric 

circurlt, thsjre’s a flow of charge and the 
voltmeter would measure that charge, I 
mean the vol,tiaeter would measure that flow 
of electrons.

14.4 I; Can you show ms in this circuit tne
electrons move. Lets say the electrons 
are coining froiu the the zinc electrode.

14.5 S; Electrons coijie from this side (Zn half-cell) 
to the copper half-cell and back to the zinc 
half-cell,

14.6 I; How would theiy go back to the zinc half-cell?

14.7 Sj Through that bridge. What is this inside? 
Is it a conductor or not?

14.8 I; There is an electrolyte inside. Do you 
know what an electrolyte is?

14.9 S; Yes - a solution that conducts.

14.10 I: How does it conduct?

14.11 S; Like say, for ejfample, you have CuClz
solution. The electrons are going to ^ove 
from the chloride to ffche copper

14,12 I.' Lets come back to this set-up (galvanic
cell). Redox reactions involve oxidation 
and reduction. What is oxidation?
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O

14.13 S: Oxidation is a process where ~ Like in this
case the zinc ions will receive the electrons
and reduction -- or is it vice versa? Well
oxidation occurs at the anode and the anode 
is positive then the anode will be accepting 
electrons - so its oxidation

, V ■*

14.14 I; Can you write an oxidation half-reaction 
for zinc?

14.15 S; (Writes: + 2e- — -♦Zn{s))
The zinc ions are receiving two electrons

14.16 I; Where do the electrons come frcia’

14.17 S: From the copper#

3,4.18 I; ‘Copper’ is in the other half-cell how
would the zinc ions get these electrons?

14,19 Ss Through the salt bridge.

Later after a long discussion. The student was finally 
able to write the correct half-reaction equations

14.40 Is Can you explain what processes take place
when this cell, that is, in the electrolyte, 
the electrodes and the salt bridge when it 
operates.

14.41 S; I think zinc is giving away electrons, they
will be transported along the conductor 
(the wire) - this voltmeter will measure 
the current which is a flow of charge 
and theia the electrons will be deposited 
into this copper io:a.
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14.42 I: Which copper ion?

14143 S; I mean this electrode - copper

14.44 I; Why did you call it a copper ion?

14.45 S: Just -- eh —  and the copper atoms will be
deposited into the copper electrode.

14.46 It How would the copper atoms be formed?

14.47 S: The electrode receiving the electrons will
form copper atoms --romra - this is copper
sulphate —  eh - the copper ions in the 
solution will receive the electrons and 
then become copper atoms and they attach to 
the capper electrode. Then the salt bridge
--is going to - its going to ---
the salt bridge is supposed to transport 
electrons to the other side —  the zinc 
half-cell.

14.48 I; What happens to the electrons when they
reach the other side?

14.49 S; The zinc sulphate will form zinc ions
and sulphate ions and will receive the 
electrons.

O 14.50 I: What will receive electrons?

14,51 St The zinc lijulphate--Hmmm--- I don’t
know.



THK Pmc.Tl, AND PAPER TEST ~ PHASE I

I.; Indicate whether a reaction would take place if 
the arrangements below were oonneoted as shown. Give a reason 
for your answer in the table provided.

Cell arrantfWaent



e e
C<n'

-CuCl.

A and B are graphite electrodes

C
Zn-

^Graphite

Zn̂'+-1«0 u -Cu2+ 1-G U
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Cell Arrangement Will a Reaction 
take place? 
(Yes/No)

Reasons

1

O

3

4



APPEKD.IX. P.. 

10-ITEM MULTIPLE CHQIC.E..jaUESII.QmAIBE.
PHASES IT AWD ITT - PRKT.IMTNARY TNVKSTTftATTONS

INSTRUCTIONS: Answer all questions. Only one alternative is 
CORRECT.

1. In an elecbrooFiemical cell, conduotion through the 
electrolyte is due to:
(.a) electrons moving though the solution attached to the 
ions.
(b) electrons moving from ion to ion in the electrolyte.
(o) the mcvement of positiv' and negative ions.
<d> the mr*vement of water molecules.
(e) electrons moving across through the solution from one 
electrode to the other.

2. Which cf the following about what happens during the 
electrolysis of aqueous NaCl is CORRECT?
(a) Electrons are taken out of the solution and react with 
the Na"̂  ions.
(b) At the negative electrode, wiectrons are repelled and 
they are attracted to the positive electrode through the 
solution.
(c) Crystallization of sodium chloride occurs at one
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electrode,
(d) At the anode, chlorine gas is given off while at the 
cathode hydrogen gas is formed.
(e) Clogging of both electrodes occurs due *'o the 
crystallijsatior* of sodium chloride

3. The battery used to operate an electroijtic cell
(a) stores electrons until they as'j ready to flow
(b) supplies electrons which dissociate the ions in solution 
(d ) supplies ioniS to the electrodes
(d) supplies electrons which come from a chemical reaction in 
the battery
(e) supplies electrons to the electrolytic cell where they 
are used up.

The function of a salt bridge in an electrochem. ial cell
is
(a) to attract ions in solution
(b) to transport molecules; from one half-cell to the other
(c) to make the reaction proceed fjister
(d) to ensure that one hsilf-cell is positive and the other is 
negative
(e) to provide a meaas of maintaining electrical neutrality 
in the two half-cells by providing ions in a mobile medium.



In the electrolytic cell shown below;

D «“

5. the cathode is A B C D E
6. the anode is A B C D Ei:
7. During electrolysis, the reactjbn which takes place at 
electrode A is (a) oxidation (b) crystallization
(c) neutraliration (d) oxidation and reduction (e) reduction

8. In the diagram of a galvanic cell snown below:

!•
a

f

Zn metal

//



(a) It does not matter which electrode is in which 
electrolyte the reaction will be the same,
(b) If the salt bridge were replaced with a piece of graphite 
bent into the same shape, then the cell would stil5 operate,
(c) The Gu2! and the Zn^ ions swap with each other 
through the salt bridge*
(d) The sulphate ions will be attz-acted to the p sitive 
electrode where they will be oxidised.
(e) At the interface with the electrolyte, one electrode is 
losing electrons and the other is gaining them.

©

O

In an electrochemical cell, oxidation and reduction take 
place
(a) at the interface of the electrodes and the electrolyte
(b) in the electrolyte
(c) in the connecting wires
(d) both in the electrolyte and in the connecting wires
(e) at the interface of the salt bridge and the electrolyte.

10. In a galvanic cell, the following occurs5
(a) There is a flow of both electrons and ions through the 
solution from one electrode to the other.
(b) There is a flow of electrons frcm one electrode to the 
other in the external cix’cuit,
(c) The ions move throv.gh the wires from one electrode to the

/ O
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other,
(d) There is a flow of ions and electrons through the wires 
from one electrode to the other.
(e) There is a flow of electrons through the wire connected 
to the cathode and a flow of ions through the wire connected 
to the anode.



PHASES II AND TIT -DETAILED TNVESTTgATTOH

INSTRUCTIONS: Answer all questions. Only one alternative is 
CORRECT.

S.£CT,IQN A

1. During the electrolysis of molten lead bromide with 
graphite electrodes, which of the following reactio:rxs 
represents the overall redox reaction?

(a) PbBra + e" ~
(b) Pb2+ + 2Br~
(c) PbBrz + e” —
(d) PbBrz ----- — -
(e) Pb2+ + 2Br"

Pb2 ♦ + 2Br- 
-> Pb + Brz

-► Pb2* + Brz2- 
-♦ Pb2+ 1- 2Br- 

Pb + 2Br

i Q

a

2. In the electrolysis of aqueous sodium chloride (NaCl), if 
a Cl” ion moves out of a small volume of solution towards 
the anode as shown below, which of the following visiual 
presentations best depicts the process by whxch electrical 
neutri 3 i-y will be maintained?
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Note; In the following diagrams, a cation is ŝ J'mbolised as + 
and an anion is symbol.sed as An electron is symbolised as 
e" .

Ca

Element of 
volume

thode ‘ Anode

o

I ©

a) Either A or D
(b) B only
(c) A combination of C and B
(d) A combination of C and E
(e) E only.

m
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3. In an electrochemical cellj conduction through the 
electrolyte is due to

(a) electrons moving through the solution attiibhed to the 
ions
(b) electrons moving from ion to ion through the solution
(c) the movement of both positive and negative ions
(d) the movement of water molecules
(e) electrons moving across through the solution from one 
electrode to the other.

1
4-t When an aque65is soltxtion of sodium chloride is 
electrolysed with graphite electrodest chlorine forms at the 
anode. Four possible events are repres,^nted below. Which of 
these is (are) likely to occur?

(i) Cl- -- ► Cl + G-
(ii) Cl" + e" — >C1

(a) (iii) only
(b) (iv) only
{c ) (i) and (iv) only
(d) (ii) and (iv) only
(e) (i) only

(liii) 2C1-
(it) 2C1

► Cl2 
Cl2
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6. In an electrochemical cell, a reaction proceeds 
spontaneously as written assuming all concsntrations are 1.0 
mol dm"® when

Q

(a) E is negative
(b) E® is negative
(c) E is zero
(d) E° is zero
(e) None of the above

6. During the electrolysis of an aqueous solution of copper 
chloride CuCl2 , with carbon electrodess a brown deposit is 
formed at one of the electrodes. This deposit is formed when 
ta) Cu2+ ions cluster together forming the brown colour,
(b) react with the chloride ions forming CuGlz 
precipitate,
(c) Cu2+ ions are hydr'ated forming the brown colour.
(d) Cu2+ ions gain electrons from the electrode forming Cu 
atoms and these combine to form copper mett̂ l.
(e) Cu2+ ions move towards the negative electrode and react 
with the electrode (carbon) forming a brown colour.
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7, In the galvanic cell shown below, as the cell operates, 
oxidation of the zinc introduces additional Zn^+ into half­
cell B, and reduction of Cu^+ leaves an excess negative 
charge in the half-cell C*

(a) Indicate with arrows, the movement of all ions and the 
movement of electrons.

Zn metal

0

(b) Which one(s) of the following series of diagrams below 
depict the change in each half-cell as the reaction prdcetsds? 
Note I In the following diagrams, a cation is symbolisesd as + 
and an anion is symbolised as An electron is symbolised as 
e~ . //

a//"; >■ 7’”f
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(a) either C or D
(b ) E only
(c) B only

(d) either B or E
(e) F only

O

w

In questions 8 and 9, choose the correct answer and give a 
short explanation on why you selected that alternative. The 
questions are based on the galvanic cell shown in question 7.



8 . The voltage produced in the reacion Zn(s) -{■ Cu^* 
Zr2+ + Cu(s) is independent of

'v

(a) the size of the cathode
(b) the metal used for the anode
(c) the temperature

Explanation

9. When a salt bridge is removed, the voltage of the cell
(a) increases to a maximum
(b) drops to zero
(c) does not change
Explanation --------------------- ------------- ---------------

SECTION B

In questions 10-16, there are two statements linked with the
1 word BECAUSE. Decide first whether each statement is TRUE or 

® FALSE and then if both are true whether the second statement
is a correct explanation of the first. Then select the 
response according to the following table:

f/'
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1st statement

(a) True

2nd Statement 

True

Argument

2nd statement is 
a correct 
explanation of 
the first 1 
statement

(b ) True True

{c ) True

(d) False

(e) False

False

True

True

2nd statement is 
not a oor^rect 
explanation of 
the 1st 
statement

O

1st statement

10. In an electrochemical 
cell, free electrons 
are found in the 
electrolyte

BECAUSE

2nd, Statement

They conduct an 
electriiC current 
throughout the 
circuit

In questions 11-16 statement 1 refers to the diagrams showsi 
below each question

-
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1st Stat,'3ment 2nd Statement

11. The > .nmeter will show 
a reading BECAUSE

rhere will b© s 
continuous ifi, y of 
current since^ ' 
graphite conducts 
electricity

,.2+

12. No redox reaction 
will take place

BECAUSE Redox reactions 
take place in 
electrocheuiical 
cells only

©
—

— Zn 
■p..2+

/ m
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13. The ammeter will 
not show a 
reading BECAUSE

The circuit is not 
complete there is no 
continuous flow of 
electrons between, the 
two half-oells

c
Zn-*-

1-0 M

-0-

1-0 M

14. The ammeter will 
not show a 
reading

Cu cannot rea)st with 
BECAUSE CuS04 Zix canx̂ '&t

react with ZftS04

0

I
i o¥

I

r' ”»7»
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15. The ammeter w^ll 
not show a reading

We must have Zn 
BECAUSE electrode in ZnSO* 

and Cu in CuS04 for 
a redox reaction to 
take place

O

-Carbon alectrodea

-CuC!r

II.

3>

16. The ammeter will 
show a reading BECAUSE

The ??attery Fill 
supply electrons 
which break the ions 
in solution. The 
ions can then 
conduct electricity

o
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SECTION C

For each of the statements below, indicate whether it is True 
(T), or False (F). If you think the statement is false 
explain briefly why you think sot

T F
17. The effect of pasain^ an electric current 
during electrolysis is to lu^eak the electrolyte 
into positive and negative ions.
Explanation

T
18. The saltQ)ridge maintains electrical neutrality 
by ensuring that one half-cell is positive and the 
other is negative.
Explanation

T

1

0

19, During electrolysis of a sulution containing 
chloride ionS, Cl" ions are attracted to the> 
positive electrode and they are neutralised by 
the positive charge forming chlorine gas.
Explanation

I O

20. When a galvanic cell operates, there is a flow 
of both electrons and ions in the solution from 
one electrode to the other.
Explanation —

T

In



APPENDIX F

PRE-TEST ON PRS-REQUISITS CONCEPTS - PHASE IV PRE-TEST

INSYRtfCTlOHS : Answer all questions in sections A and B„

1. In the circuit represented in the diagran below, suppose the 
\ bulb wafis glowing brightly, the beaker eould contain :

O

I Cl
I

<i) potassium sulphate dissolved in water 
<ii) sugar dissolved in pure water 
<iii) molten sugar
(iv) dilute sulphuric acid
(v) nolten potassiun bronide
<a) (i) or <iv> only 
<b> <i), (iv> or (v> only
(o) <ii) or Ciii) only

(d> (i"i or (v) only 
<e) <i> or (ii) only

In
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2. When a; ?r̂ hemical system is at equilibrium, which of the 

followir.g statements is true?

(a) the reagents and the products always have the same mass

(b) the forward and reverse reactions occur simultaneously at 

the same rate

(c) the forward and reverse reactions both stop

(d) the concentration of the reagents is zero

(e) the ratio of the concentration of the products to the 

concentration of the reagents is nevsr greater than one,

3. The mechanism of electrical conduction in metals is :

(a) the same as in solid electrolytes

(b) the same as in molten electrolytes

(c) dependent on the movement of ions

(d) dependent on the movement of valence electrons

(e) dependent on the movement of atoms

The net ionic equation for the reaction which occurs when 

' idtitions of sodium hydi tixide ami hydrochloric acid are

mixed is:

(a) Ma^(aq) + OH (aq) + Cl (aq) + H3O (ciq) — ---— ^

NaCl(aq) + 2H2O (1)

(b) NaOH (aq)  ̂HCl(aq)

O

NaCl(aq) + H^O (1)



fd) H3O (aq) + OH (aq)-*2H20 (1)

(b ) Na^ (aq) + pH (aq) + HsO*̂  (aq) -

Ha (ar. + 2H2O (1)

5. The following reaction
+ 2+Ag (aq) + Fe (aq) -*■ Ag(s) Fe^'‘‘(aq)

has reached equilibrium^ What can be done to decrease the 

amount of silver formed ?

(a) stir the solution.

(b) increase the pressure of the solution.
2+(c) add Fe (aq)

(d) add Fe^^(aq)

(e) add iron filings.

3

SECTION 8.

Write your answers in the spaces provided.

6 . Questions (i) and (ii) below refer to the reaction shewn 

in question 5 above-
-  a  *

(i). What effect would addition of silver have on the position 

of equilibrium ? --------- -------------------------- -------------

(ii). What effect would increasing the concentration of silver 

ions have on the position of equilibrium --------------------

//■



7, •IsJhat is

(a) 2+Cu

(b) KCl

u (c) Clg

\ (ci) Br~
\
\ (e) 2~

S04

«-

a. If OH8 mole cf hydrogen ions carries a f'harge of 96 500

coulombs, what is the chv^rge on one hydrc ion

9. In the circuit shown below:

V
I .i O'

d

- ft

(a) What quantity does the ammeter show ?

&
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(b) When we talk of an eleptric current, what actually moving 

in 8 ? ____________________ ____________

in C ?

(c) What causes an electric current to flow in the ext^rfial

circuit ?

(d) What quantity would a voltmeter in the circuit show ?

u

O VJv

V
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13-TTEM HaLyiPr.S CHOICE .flUESILLQMiilPE PHASE IV -. EQStTE^I.

TMRTminTTONS: Answer all questions. Only one alternative is 
CORRECT.

SEGII.QH-A

1, When an aqueous solution of sodium chloride is 
electrolysed with graphite electrodes, chlorine forms at the 
anode. Four possible events are represented below. Which of 
these is (are) likely to occur?

(i) ci- 01 + e- (iii) 201- 
Civ) 201 —

Clz
Clz(ii) 01“ + e"— ►Cl

(a) (iii) only
(b) (iv) only
(c) (i) and (iv) only
(d) (ii) and (iv) only
(e) (i) only

2. In an electrochemical cell, conduction through the 
electrolyte is due to
(a) electrons moving through the solution attached to the 
ion'7.

o

i V In
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(b) electrons moving from ion to ion through the solution
(c) the movement of both positive and negative ions
(d) the movement of water molecules
(e) electrons moving across through the solution from one 
electrode to the other.

3, In the galvanic cell shown below, as the cell operatesi 
oxidation of the zinc introduces additional Zn^* into half- 
cell Bj and reduction of Cn^* leaves an ercess negative 
charge in the half-cell C.

(a) Indicate with arrows, the movement of all ions and the 
movement of electrons.

Zn metal

SO

Cu

0
24-

-Cu metal

B

O

o  i

:" 'S “s£E
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(b) Which one{s) of the following series of diagrams below 
depict the change in each half-cell as the reaction proceeds? 
Note : In the following diagrams, a cation is symbolised as + 
and an anion is symbolised as An electron is symbolised as 
e~ .

-a-

4. -  

•f__

?
-  4.+

B

_  +  +
4. ~  

+ -  + + “ + ~

_®L.

4-̂ +
+ - ^

c
-e-

+ +
+ 4- +

) -(5>-

* -  + “ « +- +
+ ~ +

o

O ;

u

(a) either G or D
(b) E only
(c) B only

(d) either B or E
(e) only

o v S n
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4. One of the half-reactions which occurs in the galvanic
cell shown in question 3 above is Zn (s)-- *-Zn2+ (aq) +
2e-, The electrons shown in this half-reaction come from 
the
(a) dissociation of the ZnS04 solution
(b) CuS04 solution through the salt bridge
(c) CuS04 solution through the external circuit 
Cd) Zrfi* ions
(e) atoms in the zinc electrode

5. The purpose of the salt bridge in a galvanic cell is to
(a) provide a pathway so that the oxidising agent can reach 
the reducing agent
(b) provide a pathway for charge carriers in solution
(c) increase the resistance to the flow of current so that 
the cell maintains its potential
(d) provide a pathway for electrons to complete the circuit
(e) provide a connection between the two half-cells so that 
cations can reach the negative electrode.

o

6. The emf of a cell is an indication of
(a) how fast the cell reaction will ogcur
(b) the tendency of electrons to move from one electrolyte 
the other through the salt bridge
{■3; the current flowing in the external circuit



(d) the difference in the number of electrons in each 
electrolyte
(e) the tendency of electrons to moV^M from one electrode to 
the other in the external circuit

7. The change Ce^* Ge3 +
(a) half-reaction in which there is a gain of electrons
(b) half-reaction which can take place at the anode in 
galvanic and electrolytic cells
(o) half-reaction which can take place at a negative 
electrode in a galvanic and electrolytic cells
(d) half-reaction which can take place at the aR*’''? in a 
galvanic cell and a cathode in an electrolytic cell
(e) half-reaction which can take place at a positive 
electrode in galvanic and electrolytic cells.

y ■<

o

o

8. During the electrolysis of molten lead bromide with 
graphite electrodes, which of the following reactions 
repiesents the overall redox reaction?

(a) PbBr2 + e” — --- fc. Pb2 + + 2Br-
(b) pbZf + 2Br- — — ^  Pb + Br2
(c) PbBra + e” -- ♦ Pb2 + + Brz ̂ “
(d) PbBra », Pb2 + + 2Br-
(e) Pb2 + 2Br — -----  ̂ Pb + 2Br

mfm
o



SECTION B

In questions 9-I4> /fchei'e are two statements linked with the 
word BECAUSE. Decidfe first whether each statement is TEU1 or 
FALSE and then if both are true whether the second statement 
is a v*r>rect explanation of the f?rat. Then select one 
response according to the following table;

1st Statement 

(a) True

2nd Statement

True

Argument

2nd statement is 
a correct 
explanation of 
the first 
statement

-■'O

(b ) True

(c) True

(d) False

(e) False

True

False

True

True

2nd statement is 
not a correct 
explanation of 
the 1st 
statement

In questions 11-13 statement 1 refers to the diagrams shown 
below each question

O
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1st statement 2nd Statement

9, In an electrochemical 
cell, free electrons 
are found isi the 
electri^lyte

They conduct an 
BECAUSE olectric current

throughout the 
circuit

10. In galvanic cells the 
voltmetej' shows a 
potential difference 
between the two 
half-celle

circulation of 
BECAUSE charge creates a

potential 
difference

11* No redox reaction 
will take place

BECAUSE Redox reactions 
take place in 
electrochemical 
cells only

-Zn

1*0 W

o

12. The ammeter Tfill show 
a reading BECAUSE

There will be a 
continuous flow of 
current since 
graphite conducts 
electricity
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.Grcphlte

1-0 U

In question 13, the statements refer to the two cell 
i’eactions below

(a) A(s) -f B2+(aq) — —  ̂ (aq) + B(r)
E° cell = +0,19V

(b) G(s) + p2+ (aq)— Q2+ (aq) + F(s)
EO cell s -¥1.20%'

Statemen:; 1 Statement 2

O
13. Reaction (a) will be

faster than reaction BECAUSE
(b)

The emf of (a) is ; 
greater than that of ^
(b)
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1.1 KEY CONCEPTS (a) When an atom, molecule or ion
undergoes oxidation, it loses one 
or more electrons to sost,e other 
species which undergoes reduction.

(b) Oxidatior* and reduction are half-
j,*eactions that always occur together 
ai?''* the overall reaction is often 
called a rsdox reaction.

(c) Oxidising agents (oxidants) take up 
electrons and are cdnst.q,uently 
reduced while redueing agents 
(reductants) give up electrons and are 
oxidised.

M  1.2 OBJECTIVES; By the end of this worksheet you,

should be able to :

(a) define oxidation and reduction

O  (b) define oxidant (oxidising agent) and
reductant (reducing agent)

(c) identify a redox reaction and the 
oxidising and reducing agents in a 
given redo2J reaction.

O



1,3 INTRODUCTION

Electrochemistry is that branch of chemistry concerned with 

the relation between current electricity and chemical 

reactiens. It is concerned with how chemical changes can 

produce electricity n'rtd how electrical energy can produce 

chemical chang^'. In this chapter| i*elationships between 

electricity and chemical reactions are presented as well as 

the common technical terms used in connection with redox 

1‘eactions,

THE RELATIONSHfp BETWEEN CURRENT ELECTRICITY AND CHEMICAL
i;

REACTIONS J

Consider figures 1.0 and 1.1 below ;

O

O;

I.
Figure l.Q Figure l.t



When a piece of zinc metal is placed in a solution of

copper(II) sulphate as shown in fig. 1.0 above, a chemical

reaction occurs. The characteristic blue colour of the
2+solution (due to hydrated Cu ions) fades indicating 

2+that the Cu (aq_) ions are reacting. Copper metal is formed

on the zinc metal and at the same time the zinc metal dissolves 
2+forming Zn (aq) ions. This reaction has a stoichiometry, 

a Gibbs function change, AG, and a rate. Now in the 

arrangement shown in fig.1.1 (galvanic cell), we have the same 

overall reaction and it also, of course, has a stoichiometry,

AG and a rate. In fact the two reactions, overall are the 

same, (they are electron transfer reactions): they have the 

same stoichiometry and the same & G (reflected in the 

emf measured by V). The main difference is ii the rate 

(reflected in the current measured by A). The o>?cierved rate 

depends on the physical arrangemejiit or organisation,

1■5 OXIDATIG¥ AMD REDUCTION

Let us consider the reaction which occurs in the beaker 

(fig. 1.0) in greater detail.

(i) To convert sine atoms to zinc ions each zin<j atom must
2+  —  lose two electrons (Zn(s)— ► Zn (aq) + 2e ) to

some reacting species, in this case Cu (aq). If a species

(atom, ion or molecule) loses one or more electrons to another

it is said to be oxidised. For example in this case zinc atoms

6

O
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have been oxidised to Zn (aq) ionSi;-

(ii) In the reaction discussed above in order’'to convert
2+copper ions into copper atoms, each Cu (aq) ion must accept 

two electrons from a reacting species, in this case Zn(s),

*■ ^( Ju ^(aq) + 2e ■—— ^ Cu(s)).

If a species gains one or mo?re electrons from ancther, the 

species which gAins the electrons is said t̂ > be reduced. For 

example in this case, Cu“ (aq) ions have been reduced to 

copper atoms,

Oxidation and reduction are not independent of each other 4nd 

indeed always occur together. The overaxi reaction is called a 

redox reaction. The number of electrons generated in an 

oxidation half-reaction is equal to the number accepted in the 

reduction half-reaction; electrons are not created or destroyed 

but are transferred directly on atomic contact. In the overall 

reaction equation, no electrons appear. The overall redox

reaction which occurs in this case is given by :
2-f —Cu (aq) -f 2e -- ►Cu(s) reduction half-reaction

2 *f* —Zn(s)-----fr Zn“ (aq) + 2e oxidation half-reaction

Cu^^(aq) + Zn(s)-- ► Cu{s) + Zn^^(aq)
overall redox

reaction ----------1.0

2+
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1.6 OXIDATION NUMBERS, OXIDISING AND REDUCING AGENTS

When represented with chemical equations, electron transfer 

processes, are not necessarily obvious and, in such cases it 

is helpful to be able to determine oxidation rmmbers of atoms. 

The rules for assigning oxidation numbers are given in 

standard textbooks.

In equation 1.0 the oxidation numbers have changed as follows:

species Cu (aq) --------► Cu(w)

oxidation +2 0
number

while the oxidation number of the zinc atom has changed as 

follows :

species Zn(s)----- 2n“ (aq)

oxidation 0 +2
number

Thus when an atom is oxidised its oxidation number incifeases 

and when an atom ir nduced its oxidation number decreases. 

Increase means gets more positive or less negative.

2‘fI'n equation 1.0, Cu (aq) ions have oxidised ainc atoms
2^ 2+ to Zn (aq)ions and the Cu (aq) ions are the

oxidising agents in this reaction. Zinc atoms are referred



to as the reducing agents in this reaction. Oxidising agents 

take up electrons and consequently b^tcome reduced while 

redticing agents give up electrons and become oxidised.

/ "

O

o



yORKSHEET 2 . B

BASin COMPONENTS OF gLECTRQCHEMICAL CELLS 

L.G 3.32

2.1 KEY CONCEPTS

o

o

(a) Reactions which take place 
in ordinary Chemical systems 
{e .g .in a beaker), are
the s&ism aS; ■Ehca’,e. which tak̂ -e p̂lact; 
electrf^chemical icejnis. Theyij h&ye the 
same s(^oich|omeiry, Gibbs f^inotion 
chas^ge k!ad,x;^uilibriuHi constaiKt. The 
diff^|*enq|i is in the rate because of 
the,phyS'Jcal arrangeraent of the cell,

(b) Spontaneous redox reactions take place 
in galvanic cells. Energy from the 
chemical reactions is converted to 
electrical energy.

(c) Galvanic cells coiksist of components 
which initially are nrt at equilibrium 
and proceed to equilibi*ium by electron 
transfer. The electrical energy generated 
can do work.

(d) Non-spontaneous redox reactions take place 
in electrolytic shells. Energy is provided 
by a source of potential difference - 
often a battery of galvanic cells - 
forcing formation of higher ehergy 
i'Ji.'r.'.̂ucts.
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2„2 OBJECTIVES : By the end of this worksheet, j'ou should
. W "■ be able to:

(a) identify and state the function of each 
component in a circuit containing an 
electrochemical cell?̂

(b) explain the difference between galvanic 
and electrolytic cells.

2,3 INTRODUCTION

In worksheet 1, we mentioned that the two reactions which occur 

in the arrfiiiĵ ements shown in fî -'li es 1.0 and 1 .1 are fche 

saiae, and that they are redox reaction.® . In this worksheet, we 

look at the reaction which occurs in the galvanic cell 

(fig. 1.1) in greater detail and how it differ ’, from that which 

occurs in the beaker (fig., 1.0).

In the beaker electron transfer between the atoms is direct 

and most of the energy change is observed as heat. By contrast, 

in the cell, electrons travel through the external circuit to 

get from the zinc metal to the surface of the pper electrode 

where they are accepted by the copper ions in solution. The 

ener'gy of the reaction is «;iually released in part as 

electrical enetgy rathf'r than thermal energy. To convert 

chemical energy directly to electrical energy, a cell of the 

type shown in figxire 1.1 is necessary.
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In this arrangement, the reaction which occurs in the beaker

in figure 1.0 is split into two halves in such a way that,
2+the reactants (Zn(i3) and Cu (aq)) are kept physically apart.

This results in two half-cells. For a reaction to occur, the

two half-cells must be connected both e."cternally and

internally as shown in figure 1.1« The oxidation half-reaction 
2+  ~(Zn<s)— 4-Zn' + 2e ) takes place in one half-cell and

2+  —  the reduction half-reaction (Cu“ (aq) + 2e — 1> Cu(s))

takes place in the other half-cell. The i>hysical requirementfc^

necessary for this cell to function are discussed in section

2 .6 .

When this cell operates, electtical meas'urements of current 

and potential difference can be made using an ammeter and a 

voltmeter-r respectively. The magnitude of the electrical 

current is related to the rate of the reaction and the 

stoichidmetry of the reaction while the potential difference 

is related to the thermodynamic driving force, A  g and the 

equilibrium constant, K, of the reaction. These relationships 

are discussed a little further in the next two sections 

(2.4 and 2.5).
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2.4 CURRENT AND REACTION STOICHIOMETRY, « ̂

Tiks rate of movement of electrons in the external circuit 

can be detected by an amineter connected as shown in 

figure 1.1. The units of current are amperes (A) and 

1 A ~ 1 Cs^ where C is the SI unit of charge, the Coulomb.

We can treat the amounts of electrons transferred in a redox 

reaction exactly as we do the amounts of reactants consumed or 

products formed. But since with an ammeter we determine the 

rate of movement of charge (electrons) and not masses of 

electrons we need amount of substance/charge relationship (and 

not a mass/amount of s’abstance relationship).

This can be derived from the experimentally - deterDiined value
-19of the charge or> a single electron, 1,6021 x 10 Coulomb

23and the number of unit particles in a mole, 6,022 x 10

— IQ 9"i1,602 X 10 C X 6,022 X 10

1 electron  ̂ mole (e )

= 96 500 C mole (e" )

Electrocheraical stoichiometry is discussed in greater detail 

in worksheet 3,
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2.5 POTENTIAL DIFFERENCE.

The voltmeter in fig. l.i measures the potential difference in

volts {Volts = Joule/Coulomb). The potential difference {in

this case) is an indication ot the tendency of electrons to

move in the external circuit from the sine metal to the surface
24*of the copper metal where they are accepted by the Cu (aq) 

ions. Like the Gibbs function change, AG, it is an indication 

of the spontaneity or driving force of the reaction. Both the 

potential difference and the Gibbs function change express 

energy transfer or the ability of the reaction to do work, 

Potentijial difference Volts = Joules

Coulomb

Gibbs function change A G  = Joules

mole

In worksheet 4 the thermodynamic driving force of redox 

reactions?, and how it relaies to potential difference, is 

discussed in greater detail. The work that can be obtained 

from the reactions is also discussed.

2 . 6

{a) The electrodes and external wires ~ The external wires ares 

metallic conductors such aa copper. They are electronic 

conductors, that is, electrical conduction in them is due'to
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the movement of electiOrts. The electrodes (the zinc and copper 

metals in figil.l) are also usually electronic conductors. 

Conduction in the external wires and in the electrodes, that 

is electronic conductionj will be explained in detail in 

vfoi'ksheet 5.

The sur^i, ’‘S of the electrodes immersed in the electrolyte are 

the sites of;^lee .t-on transfer. The electrode at which an
jf ’ "

oxidati ■ '"t‘»a<jtion occurs in all cells is called an anode, 

and tKvv ‘ reduction half-reaction occurs in all

cells is V ‘.^qde.

(b) The electrolyte The electrodes make contact with an 

electrolyte. Electrolytias are also electrical conductors : 

however, they conduct by ion movement and not electron 

movement. Common examples include solutions of acids, bases 

and salts and also fused (molten) salts. When acids, bases and 

■jalts are dissolved in water, separate hydrated positive and 

negative ions form and move about randomly in solution, 

e.g.

CuS04(s) + H2'̂ (1) —  ̂Cu^ (aq) + 804  ̂ (aq)

Electrolytic conduction is also discussed in detail in 

worksheet 5.



16

t
I O

o,'

(c) The salt bridge - The salt bridge {see fig. 1.1)i
. V *■

contains an ionic solution, that is an electrolyte such as 

KNO3 J KCl, or NH4NO3 in an aqueous gel (agar). It 

provides electrical connection between the two half-cells and 

ensures that the positive and negative charges in each 

electrolyte are equal at all times during the operation of a 

galvanic cell. The microscopic processes which occur in a salt 

bridge when the cell operates are also discussed in detail in 

worksheet 5. '

2.7

It is cumbersome to draw a galvanic cell every time it is 

discussed. It is therefoi'e, often represented using a special 

cell notation. For example > the galvanic cell shown in figure

1.1 can be represented as follows :
“3 “3Zn ZnSO^. {1.0 mol dm ) CuSO,^ {1.0 mol dm ) Cu

—3if the electrolyte concentrations are 1.0 mol dm
I /1/ (i) The single line is used to represent the sex>aration of the

electrode and the electrolyte.

(ii) The double line is used to represent the salt bridge.

(iii) By convention, the anode is on the left and the cathode 

on the right.
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Redox reactions which occur in galvanic cells are spontaneous.

It is possible, however, to make non-spontaneous redox 

reactitjiis take place. These occur in electrolytic cells and 

need an ejfiternal source of potential difference such as a 

battery. A battery consists of two or more galvanic cells 

connected in series to provide electric current.

When the battery is connected into the circuit shown in figure

2.1 below and the circuit is closed} a red■'X reaction may occur 

inside the cell.

An electrolytic cell

2.8 ELECTROLYTIC CELLS

■B

-D

Figure 2,,1
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2.9 THE DIFFERENCE BETWEEN GALVANIC AKD ELECTROLYTIC__CELLS 

In a galvanic cell a reaction occurs which spontaneously 

produces electrical energy while in electrolytic cells an 

external source of potential difference, such as a battery 

which provides electrical energy, brings about chemical change. 

Each galvanic cell consists of a set of substances which 

initially are hot at equilibrium and the electron transfer 

reaction proceeds spontaneously toward an equilibrium state,
J iWhile proceeding to the equilibrium state, it generates 

electricity which can do work. This capacity to do work is put 

to practical use on a large scale. For example, flashlights 

or torches, portable tape recorders and citlculators all use 

galvanic cells. The batteries that start an engine in a car are 

properly called batteries of galvanic cells.



WORKSHEET 3

STOICHIOMETRIC ASPECTSv-0F ELECTROCHEMICAL CELLS AND THE RATE. 

OF A CELL REACTION - L.G 3.33 and 3.40

3.1 KEY CONCEPTS : (a) The amount of substance oxidised
or reduced at the electrodes is 
directly proportional to the 
quantity of charge (electrons) 
transferred from the anode 
to- the cathode in the external 
circuit.

(b) The amount of charge which will 
result in the formation of one 
mole of univalent atoms will form 
half a mole of divalent metal atoms. 
This amount is 1 Faraday.
IF = 96 500 coulomb.

(c) Faraday’s laws apply to both galvanic 
and electrolytic cells.

3.2 OBJECTIVES v By the end of this worksheet you should

be able to :

(a) state Faraday’s laws.

I (b) use the relation between current,
I O time and amount of substance
I consumed or produced at the
I electrodes.
.1i:
I 3.3 INTRODUCTION
O

In demonstration 2.2 you observed that during the electrolysis 

of aqueous copper chloride (CuCl2)i chlorine gas and copper 

metal were produced at the anode and cathode respectively. More
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of these products were formed as time passed and more electric 

charge passed through the circuit.

O ̂  „

at the cathode ; Gu“ (aq) + 2 e ----- Gu(s)
“ 24"so 2e required per Gu (aq).

As the above half-reaction equation shows e are
2hhrequired per one mole of Cu (aq) redi’.ced to Cu. These 

electrons come to the cathode via the external circuit from 

the battery. Thus there is a direct proportionality between 

the amount of electrons delivejfed to the cathode from the 

external circuit and the amount of copper ions reduce^ to 

copper atoms.

Similarlyj in general, there must be a direct proportionality 

between amount of electrons passed in the external circuit and 

the amount of atoms reduced or oxidised. T?te amounts may be

exactly equal as when we have;
•f* “ 2*1' 3”J"Ag (aq) + e — *■ Ag(s) or Fe^ (aq)--  ̂Fe (aq) + e

or they may be simply related as when we have :
2+ —Cu (aq) + 2 e ---- »► Cu(s) or

Cr(s) ----- Gr^^(aq) + 3e

This fundamental relationship between amount of electrons and 

amount of atoms /ions reacted was first established by Faraday, 

in the early 19th century, although he expressed the ideas in 

somewhat different language.
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3.4 CURRENT. TIME AND AMOUNT OF R>MCTION
. fif

Measuring the amount of electrons presents similar problems 

to measuring amounts of atoms, ions and molecules: they cannot 

be directly counted. However, the problem can be solved 

somewhat differently, as follows:

Electric current is measured in amperes (A). One ampere is one 

coulomb of charge passing a point in the external conductor per 

second.

(Hence A = Gs  ̂ where C is the unit of electrical charge).

If the charge on an electron is known, the measurement of 

electric current with an ammeter can be used to measure the 

number of electrons passing through the ammeter per second.

—19Thus since the electron charge is 1,602 x 10 C then
—1 —19lA (= ICs ■ ) corresponds to 1 / 1,602 x 10 = 6,242 x

18
10 electrons per second .

23Since there are 6,02 x 10 electrons per mole, this can
—5be expressed as J ,04- x 10 mol of electrons per second.

Thus a current of lA in the external circuit represents about
„5

10 mol of electrons per second.
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Clearly, therefore, measurir.g amount of electrons requires 

measuring current and time only. Measuring potential 

difference (V) is irrelevant to this purpose.

The relationship between current. I, and the charge, Q, 

which passes a given point in the external circuit in time, t, 

is given by

Q = I X t ------------ ------------------- 3.1

I = electric current in amperes 

t = time in seconds 

Q = charge in coulombs

1 Coulomb = 1 ampere x 1 second ----------- 3.2

The charge on one mold of electrons is
23 - —196,022 X 10 ® ^ 1,602 x 10 C

mole e

96 500 C mol  ̂ = F, the Faraday constant------------- 3.3

The charge on n moles of electrons j.s given by

Q = nF ■ -------------------------- ---- 3.4
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The amount of substance oxidised or i?educed at the electrodes 

in an electrochemical cell is directly* proportional to the 

amount of charge passing through the <>xternal conductor*

This is Faraday’s 1st law.

Example 1

If aqueous CUCI2 is electrolysed for one hour with a 

current of 50.0 A what mass of copper would be produced at the 

cathode ?

Solution;

The reduction half-reaction in which copi^er is formed is 

represented below;

2+  —Cu (aq) 2 e ------Cu(s)

When one mole of copper atoms is produced,'2 moles of 

electrons pass in the external circuit from the anode to the 

C cathode.

Charge passed Q = 50 A x 3600 s = ISO 000 C

amount of e n = Q/F ~ 180 000 C

96 500 C/mol 

1,87 mol

Hence amount copper forijred = 1/2 x 1,87 = 0,935 laol



24-

O

Molar mass of Cu = 63,5 g mol ^

mass Cu formed = 0,935 mol x 63,5 g/mol

^ 59,4 g

Example_^

How much time (hours) would be required to produce 20 ' g of 

silver from a solution of silver nitrate, using a current of

15,0 A ? ;■

Solution

(a) Redaction half-reaction equation

Ag^(aq) + e ------j^Ag(s)

(b) Molar mass of Ag == 108 g/jiol

20 g Ag = 20 g / 108 g/mol
./

- 0,185 mol
O

'I (c) To form 1 mole Ag atoms requires 1 mole of electrons

0,185 mol Ag requires 0,185 mol of electrons.

Charge on 0,185 mol of e" = 0,185 mol x 96 500 C / mol

= 17 900 G



25

If current = 15,0 A (15,0 G/s) then 17 900C requires

17 900 C

15,0 C/s 

= 1193s 0,33 hours.

The mass of substances formed when one sno%le of electrons is 

transferred in the external circuit is proportional to the 

number of electrons required to reduce or oxidise each atom or 

ion. This is Faradny’s 2nd law expressed in modern terminology.

The following redaction half~reaction equations show that 1 

Faraday will reduce 1 mole of silver Ions, 1/2 mole calcium

ions and 1/3 mole of aluminium ions.

Ag (aq) + e 

Ca^^(aq) + 2e 

Al^^(aq) + 3e

■> Ag(s)

-► Ca(s)

Al(s)

O Example 3

C-'

What amount of electrons would be z'equired to produce 2,93g 

of nickel from molten NiCl2 ?

Solution

(a) Reduction half-reaction equation for Ni(l)

Ni^^(l) -I- 2e ---- — ~^Ni(s)
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(b) Molar sijsss -of nickel atoms is 58,7g/mol

Amount of , , in 2,93 g = 2|93g

58, 7g/iaol 

= 0|050 mol

(c) Amount of electrons required to reduce Imole 

Ni^^(l) to Ni(s) is 2 mol

20,050 mol Ni (1) will require 0,050 mol x 2 

0,100 aol electrons.

3.5 CUBREMILANP THE RATE OF A CELL REAGTIQN

Faraday’s laws indicate the amount of substances formed or 

consumed at the electrodes for eStch tinit amount of charge 

passed in the external circuit. l‘hc electric cui*rent that 

passes in the external circuit is directly related to the 

rate of the cell rest.'rblon. The greater the current (Cs  ̂ }, 

the greater the reaction rate (mol/s ) since the reaction 

proceeds by electron triinsfei* via the external circuit.

The ammeter reading is thus a direct indicator of the cell

 ̂ reactioii rate in both galvanic and electrolytic cells. As
'■ -5E^hown eai’l ler, lA corre£jponds to about 10 mol electron

per second.
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Thus, for example, in the electrolysis of aqueous NaCl, where

chlorine, Clg(g), forms at the anode, a current of lA 
“5would imply 10 mol Cl atoms formed per second or about 

0,35mg chlorine per second. In industry, currents of 100 000 A 

are used which produce 35g chlorine per second.
t

A unique feature of electrochemical reaction rates is the way 

in which they can be controlled externally so easily. The rate 

of a galvanic cell reaction can be varied by varying the 

resistance of the external circuit and/or by the use of an 

opposing potential. The rate of an electrolytic cell reaction 

can be varied by varying the applied potential.

3.6 FUEL CELLS AHD FLOW SYSTEMS

When we refer to galvanic and electrolytic cells, we often 

think of fixed amounts of reactants. But industrially, 

reactants are fed continuotisly in flow systems. Fuel cellsj 

for example, are a special type of galvanic oell in which 

reactants are continuously fed into the cell and the products 

are removed from it. In these cells, the stoichiometry is 

still the same as in those in which the amounts are fixed.

. 9



WORKSHEET 4

STANDARD HALF - REACTION POTENTIALS. THE THERMODYNAMIC 

TENDENCY AND MAXIMUM WORK FROM OF A REACTION 

L.G. 3.34 , 3.35, 3.37, 3.38 and 3.39

4,1 KEY CONCEPTS (a) The potential difference between two
points in a circuit is a measure of 
the work per unit charge that can be 
done or energy that can be transferred 
when electrons move from one point to 
another in the external circuit. It is 
measured in Volts and
1 Volt “ 1 Joule / coulomb.

(b) The emf of a cell is a measure of the 
thermodynamic driving force of the 
cell reaction. It is measured when 
negligible or no current flows in the 
external circuit.

(c) The value of the standard half-reaction 
potential is independent of the size 

— of the elec.trode and the volumes of the
electi’olyte.

O (d) A galvanic cell can be operated in
revv^rse like an electrolytic cell by 
applying an opposing voltage greater 
than the emf of the cell.

(e) The Gibbs function change for a chemical 
reaction is numerically equal to the 
maximtim T\ork which it can do on its

V surroundings.
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■ 4.2 OBJECTIVES; By the end of this worksheet you

should be able to :

(a) define the standard reduction
potential and explain under what 
conditions it is measured.

(b) describe how the E° values of
the different representative elements 
relate to the location of the elements 
in the periodic table.

(c) describe the factors which determine 
the siae the standard reduction 
potential and the emf of the cell.

(d) predict the direction of spontaneous 
change for a redox reaction given 
standard reduction or oxidation 
potentials.

(e) state the relation between AG and 
E for a redox reaction and to 
calculate one^^^om the other.

(f) state and explain the relation between 
AG of a process and work that can be 
obtained from that process.

4.3 INTRODUCTION

Galvanic cells are cells that can spontaneously produce a 

current. The cells are composed of reactants which initially 

are not at equilibrium but are prevented from reacting 

with each other. When the cell is incorporated in an 

electric circuit, the reaction proceeds spontaneously
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toward the equilibrium state, producing an electric ■■ 

current that can perform work.

4.4 POTENTIAL AND POTENTIAL DIFFERENCE

An object held at a point X above the ground is said to have 

potential energy at X because, by virtue ol' its position, 

it can do work or transfer energy. When it is released and 

moves to the ground, its energ;T converted mainly to 

heat energy at the ground. The potifential difference 

between the point X and the ground can be defined as the 

energy released per unit mass when the object falls from X 

to the ground.

An analogous situation exists in electrochemical cells 

except we now have to think in terms of quantity of charge 

carried by electrons instead of masses. Potential difference

i exists between two points in a circuit if there is a
I O

tendency of electrons to move from onw point to another 

in the external circuit. The potential difference is 

measured in volts (V) and corresponds to the energy change
I O
I per unit charge (G) when electrons move from one point

to another in the external circuit.

Voltage = energy per unil; charge.

1 Volt = 1 Joule/Coulomb.
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4-. 5 THE CELL VOLTAGE OR EMF

The maximum value of the difference in potential between 

two points in the external circuit of a cell, under conditions 

when no current flows is called its emf (electrops^tive force), 

ISmf is a quantity related to energy and not a force as the 

name implies. A source of emf is a device which can convert 

Other forms of energy e.g. mechanical and chemical into 

electrical energy. For example a galvanic cell can convert 

Chemical energy to electrical energy. On the other hand, the 

source of emf providing lighting in home converts mechanical 

to electrical energy.

'rhe emf of a cell is a measure of the driving force or the 

'tendency of the cell reaction to occur.
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Consider the galvanic cell shown below ;

c
Cu-

Cu(N03)2 (I'O mol dm“ )̂

3
-Ag

-AgNO^ (I’O mol dm”̂)

Figure 4.1

In this cell, a copper electrode is in contact with a 1.0

mol dm  ̂copper nitrate solution and a silver electrode
"3is in contact with a 1,0 mol dm silver nitrate solution.

O

O

The emf can be measured with a %'oltmeter with very high 

internal resistance (to limit current flow). The measured emf 

under these conditions is + 0,4-6 V.

When this cell operates, it is observed that the copper electrode 

dissolves and the silver electrode acquires more silver

on its surface.
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This indicates that copper atoms are oxidised (Cu(s) —  Cu (ag.)
.v'

•*“ ’I* ““+ 2e ) and silver ions are reduced {Aff (aq) + e ---- ^

2+

Ag(s)). Thus in the above cell the lUaasured emf value of + 0,46 V

indicates that the reaction Cu(s) + 2Ag^ (aq)----- -- ^
2-fCu (aq) + 2Ag(s) occurs spontaneously and for every 

coulomb of charge transferred in the external circuit from 

the copper to the silver electrode, the electrical energy 

obtainable is 0,46 Joules.

This energy can be used to perform work such as providing 

light or heat.

■4--6 MEASUREMENT OF STANDARD HAIV-REACTTQN POTENTIALS

The cell has an emf which reflects the thermodynamic driving 

force of the overall cell reaction. The overall cell reaction 

comprises two half-reactions and we can consider the overall 

thermodynamic driving force as comprising two half-reaction 

drivxng forces. In turn these may be related to half- cell 

emf’s. It must be stressed, however, that it is impossible to 

operate one half- cell independently of another and the 

potential of an individual half-cell cannot be determined

V  without reference to another.
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A table of relative potentials for different half- reactions 

has been "developed by arbitrarily assigning a value of aero 

volts to the hydrogen half-reaction ,potential under standard 

conditions. The hydrogen half-reaction is

2H^ (aq) + e --- ►H2 (g)i and the standard
+ -3conditions are (i) H ions concentration is 1,0 mol dm

fii) pressure of hydrogen gas is 760 mm Hg and

(iii) temperature of 25 °C. The relative potential for the

other half-reactions under standard conditions is then

determined by measuring the emf of a cell comprising that

half“Cell and the standard hydrogen half-cell. The emf

measured under these conditions is called the standard

half-reaction potential for the particular half-reaction

and it is a measure of the tendency of a half- reaction

to occur as compared to the the tendency of

2E* (aq) + 2e ---->.H2 (g) to occur. In principle

relative half-reaction potentials can be listed as either

oxidation or as reduction potentials. By International

agreement, they are normally listed as reduction potentials.

There is no objection to the use of oxidation potentials for

processes in the opposite sense. When writing a half-reaction

34-

oas an oxidation the sign of the E value for the 

corresponding reduction half-reaction, is reversed, e.g.

::;û'*' (aq) + 2e“ Cu(s) -----► E°red = + 0,34 V

Cu(s) ------- ►Cu^'^ (aq) + 2e" E°ox - -0,34- V
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4.7 QUALITATIVE INTERPRETATION OF RELATIVE STANDARD 

REDUCTION POTENTIALS i l l

The table below will be used to illustrate the qualitative 

meaning of valuea and how these are related to the

position of the elements in the periodic table.

E° reduction (V)

(a) 2F (g) + 2e — -->  F2 (aq) +2,87

(b) 2Br" (g) + le" --- b-Br̂  (aq) fl,06

(c) 2H ’ (aq) + 2e” ---(g) 0,00

(d) (aq) H- 2e“ -- ►Mg (s) -2,37

<e) Na^ (aq) + e — . ->Na (s) -2,71

(f) Li^ (aq ) + e ---- Li (s) -3,05

The values of the :.'elative standard reduction potentials for a 

half-reaction are quantitative descriptions of the driving force

 ̂ for the half~i'eaction to occur as written, relative to thef
®  hydrogen half-reaction.

j (i) Atoms of the group I elements e.g Na lose electrons readily

J when involved in chemical reactions, that is, th^y readily
\b

if \V\ undergo oxidation. They have high (positive) oxidation

potentials or conversely low (negative) reduction potentials 

as shown above.
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(ii) Atoms of the halogen elemeyits (.group VII) tend to accept 

electrons readily when involved in chemical reactions. Their
j/molecules therefore have high (positive) values of reduction 

potentials. The tendency to undergo red>'ction decreases down 

the group.

(iii) From group I to VII the tendency of atoms to give out 

electrons (to undergo oxidation) decreases and the tendeney  ̂> 

accept electrons (undergo reduction) increases.

(iv) When using E° values for half-reactions it laust 

always be understood that they ai’e actually emf values of 

electrochemical cells in «'hicfc the hydrogen half-cell is one 

component and hence functions as a common reference. They have 

no absolute significance.

(v) The S° values for half-reactions should not be 

confused with ionisation potentials. For example compare

0 Na (s) --► Na^ (aq) e oxidation half-reaction

Na (g) ---► Na^ (g) -f r* ionisation in gas
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‘ 4.8 OSE OF STANDARD REDUCTION POTENTIALS TO PREDKIT THE 

DIP.ECTTON OF SPONTANEOUS CHANGE

Tbe standard balf-reaction potentials of the various 

coBstii vionir. of a oell are the determining factors in 

deciding which reactions will occur prefex*entially undiir 

a given set of experimental cfrnditions. Onoe the oxidation and 

reduciipn half- reactions have been identified, the emf of the 

cell is given(by

E° cell E*̂  reduction + e” oxidation
o oWhere E oxidation is the oxidation potential and E

reduction is the reduction x>otential.

Using the above eqtiation we can determine whether a reaction 

is thermodynaaliically feasible or not< A positive value of 

e ” cell indicates a spontaneous cell reaction, a negative 

value a non-spontaneous coll reaction. Like all thermodyrianic 

qxjantities, f;uch us AH and AG? the potentials do not tell 

us how fast a possible reaction will proceed. It may be that a 

reaction that is thermodynamically very favourable from the

I equation above (E° C'̂ ill large an(? positive) may proceed

slowly in practice.


