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completion of the course. 'i'hreeteachers did not de .ay the teaching

of reactivity to their students.

Tho outcome of the teaching on the delayed and undelayed groups of

stud.nts in phase 2 was tested using the reactivity questionnaire.

The students whose teaching was delAyed performed IJettel'than the

others. A comparison was also made with the phase 1 standard 8

students. Pf.)sitive evidence was obtained of the effectiveu"~ss of

the courno.



using the rate and equilibrium questionnaire which incorporated an
]
! open '"lndedquestion on reactivity p.nd reactivlt.y series. Their

vd.ewa were also ..:omparedto those of teachers who were the subject

of an eal:'lierstudy.

standard 8 & 10 students exhibited generally similar misconceptions

about aspects related to ~·eactivity. FU1'thermore the standard 10

students appear to ext.'~·apolatE"their misconceptions about reactivity

oonstructed at a standard 8 level to aspects of rates of reaction

and chemical equilibrium studied in standard 10. The students were

to a large extent unaWare that there is no necessary connection

between the rate of a reaction and the equilibrium extent of a

reaction.
,
~\ It appears that teachers, authors of school science textbooks,

and curriculum designers are not e~~irely successful in developing

scientifically oorrect views about rate of. reaction and chemical

equilibrium with the students.

Phase 2 of. the study attem}:Jtedto address some of the teaohing and

learning problems assooiated with the conoept reaotivity at !\

standard 8 leve~. A course was designed for standard 8 science

teachers to induce conoeptual change as regards ree.ctivity. A key

component of the course Was an " UnderstandiI.!;]Reactivity" pack

which was designed guided by construotivist ideas and by the

knowledge of mi~conceptions gained in phase 1.

Seven teachers participated in the course, of whom four delayed

their teaching of reactivity to their st~ndar(J 8 students until the



ABS'rRACT

This thesis reports on school teaching and learning problems in the

area of chemical re&ctivity and on an attempt to overcome some of

these problems with an in-service course for teachers.

rhase 1 of this research was a study of the conceptions of aspects

of reactivity, rates of reaction and chemical equilibrium held by

secondary school students.

The nature and origin of the conceptual di:Eficltlties, i.n the above

areas were investigated.

The concepts of ret,ctivity and reactivity se.rd.es are formally

introduced at a standard 8 level. These concepts form a springboard

for the understanding of more formal quantitative worl< done i.n rates

of reaction and chemical equilibrium at a standard 10 level.

Two multiple-choice questionnaires, a reactivity qUestionnaire and a

i'a'Ceand (.,quilibrium qUestionnaire, were designed to probe for the

nature and ori9i.n of views held )y st<mdard 8 & 10 students

respectively.

The views of both the standard 8 & 10 students on aspects of

react~vity and reactivity series Were investigated using the

reactivity ql.ltlstionnaire.The views of a sample of 'Jtandard 8

students were also probed during interview sessions conducted at

selected schools.

standard 10 students views about concepts related to aspects of

rates of reaction and chemical equilibrium, were also investigated



TO MY FAMILY

AND

FRIENDS



I hereby declare that this thesis is my own work.. It is being

submitted in fulfillment of the requirements for the degree of

Doctor of Philosophy in science at the University of the

Witwatersrand, Johannesburg. It has not been submitted to any other

University.

bate



CHEMICAL REACTIVITY:

TEACHING AND LEARNING PROBLEMS ANn

ATTEMPTED SOLUTIONS

By

Abdool Hamid Bapoo

A thesis submitted to the Faculty of Science, Unjversity of the

Witwatersrand, Johannesburg, in fulfillment of the requirements for

the degree of Doctor of Philosophy in Science.

March 1995

•
I
J

I
I
I



11

learning will be limited if implications for teaching and learning
are not adopted by teachers.

Millar60 indicates that rather than proposing a constructivist model
of instruction, it might equally well be argued that a consequence
of the constructivist model of learning that science should be
taught in what ever way is more likely to engage the active
involv~ment of the learner. The constructivist model of learning
does not carry any message about models of illstruction.

Yager" indicates that constructivist teachers of science tend to
promote group learning, where two or three groups discuss approaches
to a given problem with l~ttle or no interference by the teacher. He
giva an indioation of how ~"Jience teachers can move towards the
cOI.structivist approaoh:
a) seeking out and using student questions and ideas to guide

lessons and a whole instructional unit;
b) using student thinking and interest to drive a lesson;
0) seeking out student ideas before presenting teacher ideas or

before studying ideas from the textbooks.
Clement et a161 indicate that appropriate anohoring examples wit~in
the learners intuition can assist towards "grounding" instruction.
The use of anohors is an example of a more general educational
strategy of starting from what the student nlready knows.

aodner'~19 summary of the constructivist views stresses that the
learner strives to organise information in terms of previous
oxperionco. Similurly, Rasnick17 dofines leurning as an active
process occurring as a result of mental construction by the learne~.
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reactivity? Are they aware that the one has no necessary relation
to the other?

2. Dc studcnto c~t:r.opolo.tetheir ideas about reactivity se.das to
the electrochemical series~ Do they regard the two series as
identical or equivalent?

3. Are students aware that a catalyst influences reaction rates and
that it ~oes not affect the equilibrium condition?

4. Are students aware that rate of n reaction is independent of the
equilibrium extent of the reaction?

There has to date been no literat\lre reports on student conceptions
about reactivity other than Jenkins2G, Moody25, Markowitz2J and
Meek2~, saying that tho notion of roactivity is a difficult one.

1.3 Eduoational 'theoretioal frameworks

The justification for studying the origins of misconceptions is
provided by constructiv~Gt learning theories. These attempt to show
that knowledge is constructed and also that prior concepts are
important for future learning.

Views expressed by 'Various theorists indicate that relo"o.nt previous
knowledge and experienco are important components in the l~nrning
process. These ideas pervade tho discussion that follows.

Driver 6\ DellG4 in th>.liraummazy of tho constructivist viow of
leal:ning emphas Lae that leart'ing out ccmes depend not only on the
learning environment 1 ut also on tha knowledge o:E the loarners who
also havo tho final responsjbility for. their learning.

Driver" also points out that the effectivenoss of classroom
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/\GQ and !.~HCl.Hence approach (ii), related to Ll.HCl,and approach
(iii), related to (~Go, are unlikely to give the same order, even if
they are applied to exactly the same reactio;1s.

Meek24 also points out th1'ltthere are many reactivity series but
only one electrochemical series, Only voltage measurements of a cell
give rise to an electrochemical series. Thus approaches (i), (ii)
and (iii) measure different things.

Against the above baokground it is ovident that the concept
of reactivity is complex and difficult. It therefore needs to be
:judiciously handled when formally introduood at tho standard 0
level. Are these ooneepts handled judiciously?

Statements of reaotj.vity conoepts, oontain evoryday terms suoh as
easily, readilYr vigorously, readiness and spontaneous. Suoh
voaabular:x'can generate very difforent ViS1.1alimages based on
personal experience. Teachers attention should be drawn to
differences botwoen tho toohnic~l use of certain words in soience
and everyday usage of the aame terms.

KLoinman ot al~" say that thoro is also a "common" languago problem.
Science has its own tormi~ology and languago. It is thorefore
essential for loarners to acquire it appropriutely. Teaching
emphasis should tall on thQ procise usage of scientific t:orms.

In thg light of tho abovo considorati"no, tho author was led to pOSO
the f.ollowing quast.Lona of a gcmoro.l nature, in formulating this
rCGonrch study:-

1. Are studonts aware of tho different possib1.o moaningfl of
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Meek21 points or z that there are various approaches to the
measurement of reactivity:

(i) Visual judgement of the speed of reactions.
(ii) Judgement of the heat of reactions (warm, hot, red-hot, etc).
(iii) Measurement of the voltage of cells.

Students may not be aware of these different approaches for
measuring reactivity.
Meek24 points out the.t in approach (i) the surface areas of the
reactants which are in contact affect the speed of the reaction. In
sohool demonstrations, how often are metals equally divided i.e.
comparable in surface area?

Approach (ii) should be a rneasu;::eof L~H.We should take equivalent
proportions of the metal to obtain a moapure of .,L)Hob\\t in fact few
teachers have the time to do this. In praotice, speed also COMBS
into tho visual judgomont: mont studont!) will say that tho reaction
of magnesium powder and oxygen liberates more energy, than the
rouct,i.onof an equal mass of magnesium ribbon and I')xygen. This ,i.s
probably because the powder reacts more rapidly.

Another t:ypo of complicadon is thaI! the 1.~~Hoof reaction with
oxygen per 11.01eof motal and bHo of fC1l:mationof metal oxidQ per
mole 1')£ oxygen do not give tho samo order of tho reactivity aurica.

Approach (iii) is a measure of tlio :froe energy of the re(l<1tion:
/.:::..Go '" -nFElo. The frclo energy of tho :..oaction io i.nturn rolf:rtod
to the onthalpy nnd entropy of t~ho roaction: L\Go,~ flHo - 'l'.C~.SO.
Tho lurC)'o:r.tho chango in ~ntropy, tho larger tho difforenco botwoon
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3. Decompos~tion of metal oxides
4. Tho displacement, of metals from a ~olution of metal salts
5. Reaction of halogens with metal. halides.

Previous authors (ouch as Jenkins26; Moody25; MarkowHz23 & Mook24)
have reviewed the notion of "reactivity serios".

Jenkins26 indicates that the notion is a diffioult one, particularly
because the term reactivity is capa.ble of bot.hther'ltodynamicand
kinetic interpretation.

AtkinsonG2 draws a comparison graphically of the ordtlrof the
Ellements in an electrochemil)a.land a reaotivity sories. He indicatos
that, in oontrast to the electroohemical seri~s, tho reaotivity
series derived from experimental observation takes into account
thermodynamic as well as kinetio faotors.

Moody25 says that different reaot.ions give rise to different
activity series and also reiterates that the ~otion of reactivity is
a diffioult OM, because of the ambiguity over the kinetic and
thermodynamic interpretation. There is the added difficulty that
thermodynamic data eannct , by itself, \;e11students very much about'.
the aotual p~operties of the mat0r~als to which they refer. It is
therefore possible to oonstruot a wide variety of reaotivity series,
depending on the crit.erion used to measure t'ae so-oalled reactivity.
Markowit.z23 indicates that "tllecbaezved rO-lctivity oE a mat.adal,
or violen~e of a reaction, is aften relatod to the rate at which
heat is liberated during chemical combina'cion, rather than to the
total amount of heat liberated". PerhaprJ, the experimental phenomena
may be obscuring the meaning of the concept reactivity.
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misconceptions about aspects of chemical equilibrium at a standard

10 level. The origin of these misconceptions may however be traced

to much earlier schooling. This possibi,lity is the main focus of the

present research.

The author attempts to look at 'clle nature and origin of these

misconoeptions not at the stundard 10 level but much earlier, when

ccncept s of reactivity, which are related to rate and equilibrium,

are formally introduced at tho otandard B lovol.

1.2 Miaoonoeptions about raaotivity

A study 0:1: tho l.'11Yl3iculses.onco aoeondaxy uchoo.l, syllabus was

undertaken to identify topics int:roducod at an earlier otago thut

might have relevance to tho o:t:igino of tho oonfusion students have

in differentiating rate from equilibrium. It was hypothesized that

in presenting t.hese top:!.os lea:r.nors had unwittingly been left with

an inabi.lity to distinguish q~le:.>Honsof rata from qUQstions of

equilibrium and thermodynamics. Tho concorn was in gonero.l studonto

j.na.bility to recogniso tho indepondonoe of thermodynamios and

kinetics of roaction und also whethor students understood that
reactivity can be compared from both a kinetic and thorm()dynumic

perspoct:l.vo.

This study of the syllnb1.ls led to n focus on tho concepts of I

roactiv~ty and reaotivity sordes. Thone concopts are formally

introduced at a standard 8 lovol (see lIppondix 01 for sylJ.ubus) whon

dealing with tho devel.opment of tho Periodic Table. In the section

"Chomical Reactions of Cortain Elements" tho following are otudiod:

1. Roaction of ll\eto.l0 wHh oxygon

2. Roaction of metalo with wator



5

a) Students failed to distinguish between how fast a reaction
proceeds (rate) and how far the reaction goes (extent).

b) Students also believed that, even though equilibrium reactions
are reversible, they still go to completion before the reverse
reaction COmInences.

Bapoo, at allO also showed that students and toachers had
misconceptions about the relation between rate of reaction and
ohomical equilibrium. The misooncoptions are given below.

a) 'l'harmodynamicda+a was used to make rate predictions.
bl Exothermio reactions are always faster than endothermic

l:'eactions.
c) Endotherm:l.oreactions cannot be spontaneous reaotions.

4. l~ate and equ:f.libr:Lum aspects oJ: electrochemistry

Bnpoo at 0.110 found that amongst a group of teaohors and student
teachers, that many extracted kinetic information from EO values.
Similarly Ogude14 highli<;rhtedthat students failed to relute
measurements of electd.o c\U:rentto rate of reaction and
moasuroments of oell emf to tho driving forco, or the thormodynamic
tendency, of tho reaction to oocur.

On studyin~ the no.tur:eoE thoso miscol'looptionsit became evidont
that many of them wore ctHferont manifestations of the sam!)
primordial misconception i.o. tho students lack of understanding
that rate and eq1lilibrium ar.edistinctly different concepts which
aro inherontly indopondont.

Rosoarch1,2,1, has given pJ.ausiblo reasons for the cccuznence of
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uninformed, equilibrium seems like a quiescent stat0 such as one
obtains in the major axis of a spinn3.ng top. To the science student
however equilibrium should bo a dynamic concept.

Equilibrium d.s fundamental to thE"::understanding of other chemical
topics such as acid and base behaviour, oxidation/reduction
reactions and solub3.lity. Mastery of the concepts of equilibrium
facilitates mastery of these other chemical concepts.

2. Rate of reaotion

Hackling and Garne'ct3 reveah!d that the most significant
misconception amongst 17 years of age Western Australian chemistry
students waR that thl7 rate of the fo.cward reaction increases w:l.th
time, from the mixing of the reactants until equilibrium is
established.

In a study in South Africa by sapoc et 01110 a group of t eachexs
and student teachers were found to have the folloNing
misconceptions, to varying degrees:-

a) From a balanced chemical equation the rate law of the reaction
was inferred.

b) The rate increased as a funotion of time - or "as the reaction
got going". (a misconoeption similar to that found by Hackling
and Garnatt3)

3. The .relation between rate and equilibrium

Wheeler and I<ass1l refe): to students :Lnability to distinguish
bot ween rata and oqu1librium.
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1. Equilibrium

Research done by Johnstone e+ a14 indicated the nature and origin of.
conceptual difficulties exp':rienced by students studyinq chemical
equilibrium for the Scottish Certificate in Higher Grade chemistry.
Several areas of conceptual difficulties were highlighted by his
investigation. Some of these were:-
a) Left and right sidedness.

Students appear to visualise equilibrium systems as consisting of
two independent and separat8 compartments, rather than as one
whole.

b) Interpre~ation of the reverse arrow convention.
The longer arrow is interpreted as implying greater rate of.
reaction at equilibrium.

c) Catalyst.
i) Catalysts have no effect on the reverse reaction rate.
ii) Catalysts cause the formation of a higher percentage of

products in the equil:l.briummixture.
iii) Catal~/sts Can be used to drive the equilibrium in the

desired direction.

Bradley et a.l..',",.0,11 in South Africa studied misconceptions of
teacher-s, related to ohemical equilibrium. They pointed Out that
some teachers had problems with the follcdng:-
a) Distinguishing between closed and open systems.
b) Interpretation of the reverSe arrow conventioll.
c) Interpretation of the effeot of temperature on the rate of both

the forward and reverse reactions of an equilibrium system.
Buell and Bradley12 as early us 1972 indicated that to the
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regard to the concepts of rates of reaction, chemical equilibrium
and reactivity. The need for such a study was indicated by a
previous short research by the author10 on the views of teachers and
student teachers. Furtherm~,;;:eit has often been sa':'uthat senior
secondary students in other countries experience difficulty with
chemical equilibrium and relat.ed coricept.s .2,3,4 Chemical
equilibrium was rated by a aarnpLe of teachers as the most difficult
top.:i.cfor students to comprehend, by Finley et al.5

Research2,3,6,9 has shown that chemistry teachers also find this
topic dHficult.

To provide a backglound for the research, the following four topics
are reviewed in this introductory chapter.

1. Misconcoptions about rate of reaction and equilibrium.
2. Misconceptions about reactivity.
3. The educational theoretical framework which has guided this

study.
4. Designing courses for conceptual change.

1.1 Misconceptions about rate of reaction and equilibrium

Extensive work has been done on misconceptions, in the various
related topics of chemistry listed below,
1. Equilibrium
2. Rate of reaction
3. The relation between equilibrium and rate of reaction
4. Rate and equilibrium concepts related to electrochemistry.

Misconceptions highlighted by research studies :Ineach of these
areaS are reviewed below.
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CHAPTER 1; INTRODUCTION AND LITERATURE REVIEW

Many students at all levels struggle to learn chemistry but are
unsuccessful. One possible reason for this is that students are not
coriat.xuctid.nqappropriate understanding of chemical concepts early in
their studies.

It is said by Nakh Leh+ that the information students use to
construct their concepts comes from two sources: public knowledge as
presented in text and lectures, and informal knowledge from evidence
of everyday experiences. Errors and ambiguities may be found in
both these sources and lead to inappropriate understanding.

Similarly, Pines et a163 discriminate between two sources of
individual knowledge of science learning:
1. 'J.'heknowledge children acquire from their spontaneous interaction

with the environment.
:::.The knowledge children acquire in a formal fashion thl.ough the

intervention of the school.

The spontaneously-acquired knowledge is of great importance in its
influence on what the child will learn. This first type is his own
reality. The second is someone elses reality, Formal knowledge cannot
simply be poured in the childs tabula rasa, but rather,
formal :illstructioninteracts with a wealth of existing knowledge.
It follows that if misunderstandings can be identified, than it may
be possible to relate them to errors and ambiguities in the sources
of information. If this can be achieved then it may be possible in
turn to improve the sources: of information in a rational way.
This thinking lay behind this research, which was conducted with



1.3 L2 Alternative comparison of phase 2 delayed & undelayp.d

gr.oups on the reactivity questionnaire

1.4 M2 Alternative compa~ison of phase 2 delayed & undelayed

groups with phase 1 group on the reactivity qUestionnaire

1.5 N2 ,lternative and original comparison of the phase 1 group

with the phase 2 teaching delayed and un' groups on

the reactivity questionnaire

1.6 02 Understanding Reactivity pack
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(H.O.D) were selected. The schools selected were Nirvana Secondary,
Lanasia Seoondary, M.H.Jusub Secondary, Laudium Secondary, Azadville
Secondary and Trinity Seoondary. These sohools were selected beoause
they were fa.Lrly representative with respect to academic standards
and wit.h::espect to the variety of oourse options that are offered
at Indian schools in the Pretoria, Witwatersrand and Vereeniging
regions in South Africa.
The large nUlnherof course options offered by these schools implies
that the students taking Physical Science do so by choice.

Details of the schools and students used are tabulated.

I --Number of Students~ -Std. S Std. 8 Std. 10
Dept. School

answering std.8 answering std. S

interviewed questions & 10 questions.., .. -
H.O.D 1 5 & 5 127 39- ~--=-

H.O.D 2 115 52 --Il.O.D
3 5 33 32- --_. -B.O.D
4 - 48 43

1-' - - IH.O.O
5 - 74 44-- fo----

H.O.D
6 - 14 25-Total numberof students 15 411 235--------,-.--~.
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e) Do students know that the term reactivity may relata, both to

the kinet.i.cs as Hell as the ther.modynamics of the reaction?

2.2 Rel\;~a~oh methods

The methods used for analysis purposes by researchers in the field

of misconceptions include multiple choice questions, open ended

responses and intorviews.

The prevalol1ce of misooncept:lono can be assessed via objeot.iv() t.ests

(e,g multiple ohoico) by observing tho numbe:r.s of students choosing

tho various options which ropresont orrors o~ misconcoptions. This

type of analysis was dono by Martilla1 on some of the NutioMl

Assossmont ot Eduoational Progress (NAEP) scJenco datu. This t.ypo

of tost allows for the quick surveying of a la:l':qe number of stlldo)"lcS

and Lends itsolf vary oasily to stut.:l.st.:l.cal treatment. It haa also

been wid.ely used by I for examplo, Helm20 and Stead and OsLI)rne. 20

Open ended r.esponse tests have uJ.so boon used extenDively, for

example by vtennot . 30 In these tests students are supplied with

questions ",1. i.ah they have to answor in a limited space providrJd 01)

the question paper. Tho questions aro carefully dosigned so that

studonts answors give un indication us to how wall thoy understand

tho concepts concerned.

In the interview npPl:oach students may bo nskod to givo o,'planntions

for phenomena domonstrated to thom. 'l'hia method has beor. used by

for exumplo A:r:chonhold.31

A combination 0': thoso methods was used in a complomentulry manner :i.n

t:.hi.!'J study.

Six sohools undor the administration of the Houso of Oe~ogates
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reaction?
h) Do studonts take the strongth of an oxidizing agent ao an

indication of its reaction rate?
c) Are students aware 'that thero is no necossary connection botween

cell emf (thermodynamics of reaction) and current (rate of
reawtion)?

3. Catalyst:

a) Do students epprecillte that a c£l1:.nlystby taking part in tho

reaction offers an uli-orno:tiv0 path of lower activation energy?

b) Do students undorstand that u catalyst af.fecto the rate of a
chemical reaction and net tho yield of the products?

c) Do students underntund that a non spontaneous reaction cannol:
be made spctltanoous by the addi~ion of a cnttllyst?

d) Are atud(.'lnto aware that 0. catalyst io a kinotic vo::io.ble

whereas 'tomporature :I.s both a kinotic and a tllOlzmodynnm:Lc::

va.t'io.blo'(
0) DO studonts undorstand that a catalyst dooo not initiato u

roaction?

4. Roactivity & reaotivicy sorios

0.) Do otudonto underotnnd ~Ihut io mount by the cormo :t:ouctivity und

reuctivity sariO~?
b) Do students understand the monning of I:.ho torm apencuneeue:

0) Do students tako chc olectrochemical sories und tho reactivity
Dorioo to bo ono nnd tho sumo Dorioo?

d) Do stu~onts tuko tho order of tho metals in u reactivity Dorion
to bo invu~iunt?
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The understanding of ooncepts introduced at the standard S level was
probed with both tho standard Band 10 st'udents. The standard 8
students were used to ,refleot apprc..dmatoly the basolinn of

knowledge achieved by the standard 10 students when they were in
standard B. The understanding of standard 10 concepts by the same
standard 10 students was also probed.

This douign attempted to shod light. 01\ pOGsible linko betwoen
erroneous conceptions ovj.dont at a st.andaxd 10 leval and the related
oonoopts that are introdtlCod at. a st;undard a lovel,
Furthermore the standard 10 students understanding of standard 10

concepts oould be ccmpaecd to tho f.ind.ingsof an carlior otudy of
standard 10 toucher undorstanding on aspects of ratos of reaction
nod chomical o~uilibrium.
'ho specific content-related rosoaroh quostions in tho rospoctive
topic urons (which arc linkod to the mora general queotions posod on
pn<;fo J.O) that wore probod amongst standard e anel 10 students duJ:ing
this study, arc ns follows:

1, naco« Equilibrium

a) Do gtudentG appreciato tho fact l;hut ondotho:t'l.\icre(lotiono can
bo fastor thon Bxothermic roaction?

b) Do studen1~s l;mdorotand that increasin9' tho tomperatl.u'.'o
increases t.ho rut:eof endothermic and CJ>wthermic reactions?

0) Can studento differentiate between kinet:l.cand thermodynami.c
datu'i'

2. E.tootraoJwm.ioal 8(J"'ioD

a) Do students take Eo volueD ao indicative of t~o rata of tho
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CHAPTER 2: AIMS AND STRA'l'EGIES OF RElSEARCa IN PHASE 1

2.1 Objeottve of !{esea.:.:oh

'rhe concepts of rates of reaction and chemic-al equilib'~ium are
implicltly unci quulitntivoly dealt with in tho standard a Physical
S(,Ji~mcesyllabus. 'rhc implicit undor.standing of these concepts
gp4 nud :1.nstnndurd 8 forms a I3pr.ingboa:.:dfor the undo:'standing of

'licit and mono quantitative wo:rJI:. done in rtit.es(1f react.ion
mQ '.cnlequilibrium at a standard 10 level.

In view of tho above ti,(~o\lbjocts selectod for this study comprised
tV)Q cut.ogories I

1. I:ltan~a:r:d8 students doing Physical Scienco.
2. Standard 10 students doing Physical Science.
Tho intention was to compare:
1. Standard 8 students undorstanding of standard a concepts with

".hat of standard 10 studonts.
2. Standard 10 studcmt.s undorstanding of stundul:d e concepts w~.th

thoir understanding of relat.ed standnrd 10 concepts.
3. Standard 10 students understanding of standard 10 concoptl with

that of standard 10 toachors as roflected in an cQrlio~ study.

In ardor to obtnin tho datu for: ~ho abovo oompur::J.oons,it was
decided to:
, 'l'oststandard 8 studcmts on stnndard 8 ooncepts.....
2. Tost standard 10 students on stundard 8 concepts.
3. Tost standard 10 studonto on otanciu't:d10 conecpt s ,

4. Usc tost dutn p:r.oviouolyroportod for standard 10 toachers in the
snme Ot' oimi1ur sehect.a.
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PHASE 1
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Summers and Kruger51 conducted a 10ngitudin<1l study and found that
the teachers did gain a batter understanding of force and energy.
However they note that the question remains of whether this means
they are able to teach these scientific concepts more effectively to
children.

Smith and NealoSG roport changes in elementary teachers'
understanding of 16 concepts in the area of light and shadows
following a four week period of in-service training based on a
conceptual approach to the learning of science. They found that
teachers' substantive contont did change, often dramatically over
the training period.

'\,1

MartonSO also suggests that conceptual chnngo does not necessarily
entail replacement of conceptions because it can also be a process
of:adding new ideas and learning to distinguish appropriate conte~ts
for their use. Ebenezer and GaskellG7 found evidence to support this
in their study of changes to students' conceptions about solution
chemistry.

Lott et a159 found that teaching teachers to t~ach for conceptual
change was indeed difficult. Nevertheless it is us~ful to e~plore
the conditions under which studonts and teo.ohars are prepared to
rethink and change their established beliefS and ideas,

During phase 1 of the research that follows, toaching and learning
problems on aspects relatod to chomical reactivity are ascertained
and during phase 2 of this rescarch which follows later, solutions
for these are attempted.
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Summers, Kruger and Palacio52,53 used a con'ltructivist approach in
an attempt to improve primary school teachers' understanding of
force and energy. The constructivist pedagogy which underpinned the
in-service training of these teachers was informed by the teaching
sequence described by Driver&5 and the work of Clement5~. A four
stage approach was used which in summary involved:
-elicitation of existing views
-dissatisfaction with these views
-generation of a better view
-practice and application of new v~.ews.

Summers, Kruger and Palacio 52,53 designed packs of teacher
education materials to use in their course. The material in the
packs makes use of analogies and has been designed to help primary
teachers to develop their knowledge of the concepts of energy and
force. The packs highlight certain aspects of the scientific view
which are known from research to provide particular conceptual
diffioulties.

Gentnerll asserts that analogies are of pivotal importance in
conceptual change learning in that they may help to restructure
existing memory and to prepare it for new informa'l:.ion.

Pre-course work forms an important componont of tho pack as it
attempts to make course participants aware of their own
understanding before attempting to change them.
Course partJcipant:.s are introduced to the misconoeptions which
pupils and IT'clnyadults have and become aware of the natut.'oof their
own intuitive viows about everyday situations.
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attribute of the structure a& worthwhile knowledge (discarding some
of the internal structure). In other words change takes place within
a. persons head.

conceptual change from the phenomenographic perspective is achieved
by chang1ng one's relationship with a context. Being abh~ to
perceive contexts differently means that one is able to
differentiate between them. Changing one' FI relationship wi'l:.ha
specific context means one has changed as a person (see Johannson
at a161) •

Posner1B outlines conditions under which significant conceptual
change is likely to occur: (a) there must be di~satisfaction with
existing ecncepcd onsc (b) a new conception must be intelHgib.le; (c)
a new conception must appear initially plausible.

Schue110P pOints out that science educators also have prior
conceptions that can influence their teaching. Thus an adequate
understanding of science education must consider the prior knowledge
and potential misconceptions held not only by students but also the
prior knowleage and potential misconceptions held by science
educators.

Vosniadou'O says that information consistent with the existing
conceptual structure can easily be incorporated into the conceptual
system. Howeve~ it is pa~t~cularly difficult to achieve the kinds of
oonceptual chunge that require the revision of ontological and
epistemologica.l px:esuppositions of tht;;lframework theory" because
they reprea.ent a r'"latively coherent syat em of explanations.
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constructivist view, prior beliefs can also interfere with new
learning by causing rejection, or at least a restructuring, of the
new materitll to fit current ideas .15

Against this background identifying the origins of misconceptions
becomes a priority whil~t solutions for their prevention are a
logical consequence.

1.4 Designing of conceptual-changa cou~sesguided by

constructivist ideaa.

Aocording to Anderson and Botioel1i 41 it is acoepted that learn.:l.ng
textual information is a complex and dynamic process which involves
the mobilisation of existing knowledge, to translate textual
information into meaningful units that are integ~ated into existing
memory.

It may be accepted also that creating a cognitive struoture of a
oomplex body of knowledge such as chemistry is not easy and that no
amount of instruotion will help a student who is not determined to
~mrk. This researoh however attempts to temediate E'ome of the
misoonoeptions teachers have about reaotivity, whioh oan
subsequently lead to a more appropriately structured presentation of
reaotivity to the students they teaoh. Better presentations by
teaohers may lead to better student understanding.

Conoeptual change, from the mental model perspeotive (see Hewson60),

is aohioved by any of the following: acquisition of new information
(adding to the intornal structure); reorganising existing knowledge
(:r:eorganisingthe internal structure); and no longer viewing some
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Stinner44 quo te.s Kuhn as saying that textbooks arc "pedagogic
veh Lc l.e s for perpetuating of normal science". In the light of the
above it is suggested that textbook contents should be organized in
a more meaningful way.

Li:mguage usage plays a critical role in conveying meaning. One
con sequence of this is that in teaching our concern should be to
hl:llppupils to make their language by building up necessary
connections between words71• Furthermore they report that:
-the meaning of a word is not absolute but may vary from a general
meaning to a more precise meaning;

-understanding of a word depends not only on the context but also
the connota.tion;

-a word in a scientific context is harder to understand than the
same word in a non-scientific conte~t.

Veiga at a173 showed in their studies that misconceptions and
difficulties that pupils are known to have were very similar to
misleading references used by teachers in their everyday language in
the classroom. Teachers have a difficult t.ask since they must talk
to pupils in words and language that the pupils understand, but the
natural language may contain the very idea$ th~t the 1~~cher is
trying to change.

Ribeiro et al'2 show that the influence of meaning from everyday
language impacts negatively on the i.nterpretation of cheml.cal
phenomena such as reaction and spontaneity.

All these viewpoints stress that knowledge and meaning are actively
constructed in the mind of the learner. According to the
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Students mastery of new knowledge is believed to depend upon their
ability to integrate the new information with existing
knowledge .15~20

Moreover, it is also asserted that intuitive ("common sense")
oonceptions resist change, sinoe intuitive ideas are often in direot
confliot with the new material.21 I,ear.·nersappear to accept
selectively those events that support their oonceptions while
ignoring those observations that are in confliot.

It thus becomes very important that chemistry eduoators attempt to
identif.y the nature and depth of their students "oommon sense"
ideas.

Ausubel's theory of reception h;;~.cnil'~g22 plaoes particular emphasis
on the students prior learning. One of the more fruitful ways of
thinking of how meaningful learning occurs, is in terms of learners
oonstruoting their own knowledge. According to this theory it:.is
impossible to teaoh meaningfully if this baseline of prior knowledge
has not been ascertained. In Ausubel' S22 famous words, "The most
important Single fact<,r influencing learnJ.ng is what the learner
already knows. Asoerta.in this and teach him aooordingly."

Shepardson & Pi~~ini4~ indicate that the purpose for learning
direots the attention t.o the selection of textual LnfiozrnacLon ,
Different purposes for learning influenoe attention differently and
chua the selection of t.extuaL information. It would appear that the
stipulation of objeotives at the beginning of a topio or new conoept
may direct a students attention in a desired direotion.
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15: And the once at tho bottom oannot replaoe tho oftea at the
top.

II What I am going to do io write an equation on the board. I want
to 000 i£ you can extract any information from what I have
written hore.

r..i, '" 02------>

Col '" 02----->

With refarenoe to tho above. Lithium in inoortod into II gao jar
of oxygen. NoW uoinq the reaotivlty oorioo can you i lior what
would happen in an ext)srimentlll oat IIp.

S51 You will got a new ol\botul\oOa dj.ffElront(Jubot,clllos.
84. !\ compound.
I I You moan that whon lithium combinoD ~lith oXY\jon you will got.

lithium oxide.
S41 too.

II So oaloium with oxygen you will got?
S51 caloium oxidu.
II What 0100 can you infer.
as: 'rho lithi,um io mora rot\otivo than tho cnloium. So it will t~t\k(l

more plaoe.
Itt Ropoato.) It will tnl~o mora plMO of tho oxygen than oalcium

woulrl.
OJ,I \"a,,you l<now t.ho elactrono it would g.i.V() it mcro , wheroby it

will como mo:r,aactivo than co with tho o)(ygon.
II Ole.

<.15I 'rhio io where opooci eemeo into play. soeauoe lithium .io above
Ca, it will roact faotor.
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83: Tho matala at tho bottom can be morc oaaily roclucod than tho
enou at tho t,oL'.

I: Toacher repooto tho above and ouboequontly Boko da yau agroo
with him?

as: 'leo.
II What doeo it menn whon :'Iouoay metalo at tho bottom ean bo morc

eaaily roduced than tho metalo at the top?
as: 'l'heygive eloetr.lOo eaoior.
I: Wh~ uloo wanto to conwont?
34: Motalo which 10 firot 10 more activo.
S5: Ito n otrongor reducing agont at the top.
II And what doco thilt mean?
S51 It haa a greater potential to reduco.
I I What dean it moan when you oay it haa a grouto..;'potontial to

:I.-millce.H{)w did you infor that fl.'omtho OXl~Ol:imont?
81: Tho toacher tnlcl uo.
II 'lou did not do thio experimont. Nevortholooo writing tho

fol1owin9 oquationo on tho ~Mrd:

Na '"02 ----:>
I( + 02 __ an>

Whon you aay tho enen at;tho bottt~m aro oaoily zedueod, what do
you menn by tha~?

$11 Electrono nr.e loot Quoier.
:r I Do you moan 100\1 faotor when you any 1000 ono.1.o:,'';'
011 'loa.
S4 I No, motal<; at tho top can j;'o[J1M(lmotal0 ftU:tllL r down.
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83: copper has the lowest reactivity. copper io definitely goj.ng to
be kicked out f1rst.

II Definitoly?
83: Definitely.
83: Let me give an example. Lets Day coppelr io 2 zinc 4 anct

magnesium io 6. In order to mako copper to become zero we muot
oubtract 2 in order for zinc to be~ome zero we subtract 4 und
in order for magnesium to become zero we SUbtract. 'l'noone thu t,

you oubtract tho louot from is tho \.,eak~Gt.

I: subtract 2 what, atomo.
S31 No theoe are just numboro.
as: Copper and zinc are both lower than magneoiumJ magnesium will

ldok out both metalo, you can I t really oay whioh one will be
kicked out firat. The speed I don't really know.

student responooo about tho oonoept reactivity nnd renctivity oorien
Group .2

:t 1 could you pc::hups tell me why you arranged tho metalo 'theway
that you ciic.l?

S~ I seeauce roci'ceinqagonto nro at tho bott'~m.
II BOOBUOO reduoing agento ara at tho b~ttom.
SI\I The mora aotive 11\otn10nro at tho top and the OM I s that reaots

mootly with oxygon.
II Leta go baok to otudont number 2. Whon you aay the re1uoing agent

j.oat tho bot'tom what do yeu moan by that?
02 I Not a~lr(l.
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Si):Magnes3.um has the ability to kick out copper in copper sulphate.
It alao has the ability to kick out zinc in zinc sUlphate. zinc
on the ~ther hand cannot kick out magnesium and therefore
magnesium is the most reactive and copper io the leaat reactive.

II S4, what have you got to say?
S4: The same.
I: In this case was there a vigorouo reaction, S4?
S4: There Was no vigorous reaction but there was a reaction.
II So in terms of what was the relative positions of tho metals

given?
S4: How many metals they are able to kick out.

[Question reformulatedl
II Leta say for instance magnesiurn is placed into a solution of

coppar sulphate and zino sulphate. Whllt do you predict would
happen? [Thl~following diagram io drawn on the chalkboal:'d.

Mg

b~;~;i;~i[
S4: Copper is lower in tho table so copper will be leickod (JUt fit'st.
S3: That's right.
II Are you Saying magnesium would kick out coppor first?
S3: Yeo, $ir.
II So are you oaying you c~n tell by uoinq tho rOBctivity sorioo

which partioular metal ion will be kicked out fClQtor?

S31 YOG, oir.

S41 Yeo.

XI Why do ~ou ony so?
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C·1l !low reactive they are?
II What do you mean by that?
[studonto: laughing]
Now movin9 on to n olightly di,fforont point.
[Writing again on the chalkboard.

The following table wao drawn on the chalkboard to aocertain
otudent oonceptiono of the reaction of metalo with vllriouo oolutiono
of metal odlto.

+ 01· + ...· +

IMgS04(aq) I CUS04(nq) I ZnSo4(uq)+ ~_~~ + +-_--~__...__M+--- __-------+
I Magnesium I I
+-----------+----------+----_ .._----+------------+I zinc I I I
+-----------+----------+----------~+------------+I copper I I 1 I

+-----------+----------+-----------+------------+
'!'hefollowing m~tl.\lowore I?lac::odrool?90t.l.volyin a oolution of
three onlto aD reflected nbove].

II I want you to draw Il relationohip of theareact1vity of the motalo
and give tho l.·olativepooition of ·t~e metalo.

I: 61, could you perhapa give me tho r(.llntivopooj,tion of the
metnlo?

Sll Magneoium :1.0 th~ :noot ronctivlJ thon iD :dno and copper.
II Do l'oU go by that, S4?

II Could you' perhapo tell mo, why did you arrange them the way you
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55: It is a series that is arranged from highest reactivity to
lowest r<;lactivityerr •• fl·omth·) strongest to the weakest.

I: From the strongest to the weakest. What do you mean by that?
51: tike sodium is more reactive in water you can see more energy.
65: From strongest to the weakest.
I: What do you mean 65?

61. answers
51: I don't think from strongest to weakest.
I: What do you mean?
91: I haven't got aU my facts straight. Mercury is socond last in

the reactivity series and from what I learnt it is really
po·O'erful.

I: l?1~we.:'ful.
Sl: No, not powerful, ito •••.•
I: What do you mean When you say its powerful. Do you mean faot?
61: No not fast, no not from any experiments, from book knowledge.

50 I think its juot how it reacts, whether it io a weak
reac!:ion or like a low reaction or its high compared to another
reaction.

I: What do you mean by low reaction or high rr.lotion?
51: Like with sodium when you see it ;';"1 t "::0 water it moves liko

fast. YOtl see lik. .t has .nCJr'!zest in it. Like with lithium it
moves ao well btlt not so faot or not with the oame speed.
It's like a clow kind of a reaction it io not no energetic.

II If you have a 011.\00 of otu~ento. What would you tell thonl a
reactivity oerieo is. It io the relative pooitiono of the metalo
in tarmo of?
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81: Yes, sometimp. the two metals forming together Ciln form
something clangorous oubstance.

53: something dangerous can happen.
I I What clielyou mean when yeu auid the reuction io fastor?
S4: I would not cay tho reaction, the movoment, the way it moved

acr(,oo the water.
:r;: Which roactior. 11.\'10 hydrogen faotor. Whon li'chium ronctod with

water or when oodium reacted with water?
S4: When ooclium reacted with water.
II So doeo reactivity moan how fact oodimn roa.::todwith wator?
(I: At thin otage u fow other roactiono pertuining to tho rouction

of metnh with water are writt:on on tho bOU1'd.

sodium + wat~r -------->
magnesium + water ------>
zinc + water ----------->

I: Uoing tho rOClotivity Oel:;~eowhich motal ""clIldyou oay reacto
the faotoot with wate~?

S4: Sodium, but only £\ccord.ingto the roactivity Gorillo.
I: From thin ~tilact.ivityoerico c(.\nyou oay that Llodium would roaot

the fnotoot. with wat.or?
53: Yoo, J, would any 00. If yeu throw m£Hjneoi.\unin tho water it

takeo long to roact but with oodimn it will 1'0£\0('.irnmodilltoly.
841 Yoo, sodium io otronger than magnodium.
II What d? you mean otronger?
511 YOll cannot auy otrongor if you do not know what tho motula are

llIadeIIp of.
I: Eooontially, then what ia (l ronetivity oodon?
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Sl: It io probably becauoe of what type of flame it wao.
I: So, what doeo the te:m reactivity mean to you?
S4: It io 00 much better if we know what the term meano, we cannot

oay what the term meana and thflreforo cannot say what the metals
are made off and therefore cannot cay why they react the way
that they do.

[II At thin otage the following reaction a are written on the
chalkboard.

sodium + water --------> codium hydroxido + hydrogen
Lithium + water --------> lithium hydroxide + hydrogon]

I: Uoin9 tho reuctivity cerieo, whieh motal would you any io mort)
reactive?, 94.

S4: Sodium.
I: Why do you ony that oCloium Ln more .r:eacl-.ivo?
53: 5j,r according to WhLlt we saw, the reaction was more vigorous.
I: So you would ony beenuoe tho react ion wao mOl.'evigorcmo, J.t Wo.s

more roactivo. So what do you mean when you ouy that the reaction
io more VigOl'OllO. Do YO\1 mean that tho roaction is mere faster?

91: Tho reaction took place faotor. Tho way it dartp~ acrooo the
surfaoo it wao faot. You could ooe that thero was friction on
the watel.'.

X: 51, if you ar~ saying that the roaction io faster, oho~lcl you not
know the chemical equation for tho roactian?

511 'loa.
II Why?
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Group 1
I: With referenoe to the experiments on the reaction of metals with

oxygen thnt have been demonstrated, I want you to jot down
everything you have observed and thereafter you can deduce
anything from the observations.

I~ Did you deduop. any relationship between the metals, 51?
Sl: Moot of the metals redcted except for oalcium and copper there

t>far~ no vioH 1e reaction.
I: What io the order of your reactivity then?
Sl: Na, Li, Mg and Zn.
I: Why did you arrange the metals in 'theway that you did'l
51: ~ou arrange them that way so that the moot re,(ctiv(3La at the

top and the least reactive io at the bottom.
I: How did you ascertain that one metal is more reactive than the

other metal?
91: From the flame.
I I So are you saying the brighter the flame the more reaotive 'the

metal?
S2: No, not neceo(lnrily it depends on how qllick it makes.
II You mean how fast.
S2: The speed with which it ignites.
I: 53, what de YOll say, can you account for the order.1
S3: The flames Were quite bright und strong "nd vigorolls.
II You me~n the flames wore not too violent with zinc and oxygen.
S31 YeID, with oodium the flamotlwere moot vident.
II So what are we aaying hero, that you have'extraoted the relative

p'ositions of tho metLlloon tho bacia of who.t?I 61.



26

CaAP~ER 3: INTERVIEWS

The interviews were used as a component of the research study to

elicit free verbal response.
These interviews wet·...conducted approximately two days after the

following experiments were demonstratecl by their teachers. Students

tha<l;.were interviewed were allow',.!to refer to the worksheet that

they hacl used dUring their experiments.

1. tho reaction of metals with oxygen.

2. the reaction of metaln with water.

3. the reaction of met.als \"ith sollltions of metlll Gal to.

The students responses helped to illustrate student understanding of

the following termsl

ReilOtivity "nd reactivity series

spontaneous reaction

Catalyst

Exothermio and endothermic reaction.

Students were afforded the oppon'mity to verba lise thc1r

understanding so that any misunderstanding could "S identified.

:t:l'l the following dialogues, reoponoe by otudent number n io

indj.cated by "sn" and the interviewer a comments are m1:l.l:kedby "I".

Furthermore descriptions ""hieh Wel:O not part of the clialogue are

placed between oquare brackets.

3.1 Interview responses of otanclard a students

Studen't reoponoea about tho concept reo.ctivity and reactivity



!•

25

This questionnaire was done first by the standard 10 students to
obviate students using multiple-choice options from the reactivity
questionnaire to answer some of the questions in the rate and
equilibrium questionnaire.

The reactivity questionnaire was administered simultaneously to both
standard 8 and 10 students doing l?hys:Lc1'l.lSCl-ence on the higher
gr.ade. It was administered approximately a month after the rate and
equilibrium questionnaire had been written. At this stage standard 8
st11dents had received instruction on reac:ivity and reactivity
series. Standard 10 students had of course received instruction,
two years previously.

The head of department (H.O.D) of Natural Science in eaah school was
contacted, after permission was given by the principals (acting
principals) of the respective schools. Firstly the rate and
equilibrium questionnaires were delivered to the a.O.D of Natural
Science who was rsquested to handle the distribution and collection
of the standard]'O q1lestionnaires after the standard lO students
had completed them.

The H.O.D. was requested to tell the teachers who were invigilating
that the duration of the test was about 30 minutes and that this was
a survey in chemical education.

The questionnaire was written simultaneously by all the pupils in a
particular school.
Similar procedures were adopted by the other schools th'lt \401:6 uaed
for the survey.
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1. Interviews

E'or the interviews five student.s per standard 8 cLaaa in two
different schools were selected. In one school two g.t:'oupsof
students were interviewed. Two students were selected from the.
upper, two from the middle and one frt')mthe lower groupings, Ln
terms of the marks obtained for Physical Science in the standard.
Each interview was tape-recorded with the permission of the
students. The duration of each interview was approximately
1.5 hrs. These interview~ were cooducted at least two months prior
to the answering of the reautivity qUestionnaire.
The interviews gave muoh insight as regards the type of questions
to be incorporated in the questionnaires.

2. Questionnaires

Two separate reactivity and rate and equilibrium mUltiple-choice
type questionnaires of thirty minutes each, were designed.
One questionnaire contained only multiple choice questions, and the
other multiple choice questions and open ended questions. They both
aimed to probe misconceptions of students at a standard Band 10
level respectively, in aspects of rates of reaction and chernica~
equilibrium.

First, the rate and equilibrium questionnaire was administered to
standard 10 students, doing Physical Science on higher grade. The
questionnaire was administered after the stud~nts had received
instru(;tion in rates of reaction, chemical equilibrium and
electrochemistry .

. j

I
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811 It helped the •••it opeadcd ehe combini.ng in tho mak.ing of

lithium oxide.
I~ That io interor.ting. Nhat io a ontalyot. You mean light can

be a oatalyot?
91: Yoo.
II Can hoat be a catulyot?
811 Yeo it cCluld be boca.uoe it t3peodo up the reaction with lithium

and oxygen.
Student reoponool.lnbeub tho eeneept endothermio and exothermic

reaotion.

Gro\tl 3

II What io an exothermic reaotion?
62: When heat io releaoed.
I I I~hon hoat io roloaoed, 00 exothermio reaotion io a. roaction when

hent io reloaDed.
S21 Whon hont io g.i.von off during a.l.·eo.otion.
II When heat io roloaoed or onergy io releaood?
Sl I Hoat io anorgy. [Laughing.]
II What if a reaction roloaoeo acund energy.
[stuclontol Laughing].
I: Look at tho reaction of lithium with oxygon. to thio l.'llaotion

exothermio or endothermio?
BJ: Exothermic.
II Why?
91: Boeaur..o we hoa t\,d tho Li.

:1 But 2 Li +1/2 02-----> Li20 + heat
91: •••••I'm oonfuoecl.
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student. reopOtloeo about the concept endothermic and exothermic

renotJ.on.

(9~OUp 1 wac not inte~viewa I ~~ thone aopDa~a due to lack of time.)
Group :7.

II t>.:r:eyou nWaro of tho term .nd<thormic?

81: YOD.

I: Whllt dOGS the te,rm endothormic moan?
Sl: ••.oomothin~ that takon up heat. I think 00. t>.noxothormic

giveD off. hout.

II Ok.
S3: Like for lithium and oxygon to ~~'mbinoI you l1\\1otnood hoat, 00

ito eKothermic. So you call it exothormic reaction.
11 Boc~uoe light io given off.
63; BocaUDO hoat io noedod for tho compound to roact.

II Loto take thio roaction on tho board.
2 Li + 1/2 02------> LizO + light

Io thio roaction Gxothol.'mie or ondothorm.l.c'i'

~lll Endothermic::.
II BoonuGo we. uood hout.
I I But whon the prOQ\let ~mo formod hoat wao given off.
all Than ito QXQthormia.

rGttlcloni:o: All laugh)
J: I Io it (ll{othol.'m.i.f:or ondathot'mic?
011 NQI nCl tho hont wao a t~ar(\l.yot.

I I Tho hent wao {\cntnlyot. ~~hy~10you any oo\'
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S3: speeclo up the reaotion but does not alter tho chemical
oubotance.

II Li wad inoertecl into B gao jor of oxygon. But Li had to be
hoated befc.'H:oit oould rOClcl;. So what. ~IY YYU t.hink wan tho
function of tho hoat?

Sl: It wac uood no a entnlyot bcenuua it cpocded up the roaction.
I: Would you go by that?
Studc-ntci Yoc.
I I However 01'11'lieryOI' oaid that it opocdo up tho rata of tho

roaction but ciooo not ahango tho ohomiual oubotuneo. Did you not
oay oomothing to that affoat?

[Btudonto/intorvir~or Laughing].
011 Whon wo uoecl 1<0103 to proparo oxygen.
II Right.
Sl: We uood a oBtalyot, it opeociod up tho roaation.
I: NOloJ'in tho ecce wlnro Li had to be heated, would YOll oay hoat 10

a Gatulyotl'
[SttldentoI HOi:litant. 1

I I Anothor quootion. A GatGlyot YOll cay opecdo ut} a l.'oaation. In
tho doaampooition of potnooillffi ahla~ato, you get oxygen given off
and yO\! got [lotuooiurnahlcJl:ido. What doou 1\ t;l(ltnlyotdo eo tho
mllollnt of 0~Y90n? Do you got ffiOl.'O oxygen?

Istlldontol Silont.]
I I Roformulatin d' Lloon a catulyot affoct tho yiold (,1£ tho produatrJ"

Studontol Nol
Bll NQ, no, jllOi: opoodo liP tho roaction.
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041 N~t necessary speed up. Sometime ~t can even decrease.
II How does it change the speed if it does not take part?
S31 It remains what it is like manganese dioxide.
01: It does not mi)c with the raaotion.

student response abOl1t the eonCiept catalyst.
Group 2

II Did you hoar the term catalyot botoro?
841 100.

II What doeo tho worcl moun to "':)u?
S4t something that opeeds up tho roaction botWAcn two thingo.
II Tho rate of the reaction?
S4l Yoo tho rate of the roaetion.
II Bot-ween two things what do you moan?
911 or .....

stUdent rooponooo o.bellt the concopt antalyat.
Group 3
61: A ~Btalyot io Domothing that io addod to another Dubstanco to

spoed up wi1:hout taking PIlJ.'t: in tho roaction.
II Would you 110by thar.? could you perhaps toll me how elooo it apoea

up tho l'.'onotionJ.f: it dMO not rnko I10rt in tho toae:tion?

sal It opoodo it up it daoo not undergo any chango.
II What do you moan if yO\1 oay it de 10 not unr.lorgo nny chango?

What t~ypo of L\ oIHU1Qo? Chango \o,Iith);'001,1001: to '''hat••••
colour, ohapo etc. What da yau moan?
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Sl: Yeo.
I: Wo're oaying a opontaneouo reacti~n io a reaction that io faot.

A olow reaction cannot bo opantaneo~o.
S2: Spontnnoouo reaction cnn nloo be liko no heat io applied.
II So if you do not (lItPlyany hent and it roueto than it io a

opontanooua rea~tion.
02: YOO I thnt io what I lUll onying.
II And if you apply heat to it then it io net a opontancouo

roaotion.
[studontol Laughingl.
I! 'lcm \<10);'0 ollying oOlllothing.
81: If you e<:llwinotwa Dubotaneoo tho l.'ouotionin allllootillUnodiato.

So ito opontanoouo it doco not tako long for it to resot.
II So if it tnkoo long for two DubotaMOQ to roOMt than it io not

opontanoouo?
all No
II :to that oo?

911 YOo.
I I 130 thut meano it IlIUOt react <\luiekly,for it tel bo opemMnooUo?

student rooponoeo about tho C:Qnc:op'~c:ntnlyot:.

Group 1
r I What io t\ Gatnlyot, 831
03 I apood up u ronCltiGn but deon not lmciorgo a aMngo or tako part

J n tho rOMtion
:t I It .i.ouned t(l opocd up tho rOdetion \>lithou\"Mking purt in

tho reaction.
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student reoponscs about the concepti s!Jontuneouo reaction.

Group 2

I I Did you hear the wot'd spontaneous?

Studento: yoo.

I I Could you explain what the t(Jrxn moano?

84: Somet.hing that happens over and over (\\/nin,

I: Over and over.

S31 Something that happeno on the 09ur of the moment. It juot
happons.

91: I don' t. think that till) l;'onotj.on can take ita own IJwoet timo.

II Yao, but \.,hat doeo th,o term IJPontnncouo meun?

91 '. When t~10 elemento cwmbil1c without tho uce of a ciltalyot .•

:t: of tho Wll' t?

Sl: Of tho catalyot.
II s~ontanoouo rtluc

uoe of Il cut.alyotl
91: ':loo.

il) a l;'oaction that takeo place without tho

S't:udont rooponses about tho aonlJopt op-:mtllfloOuDrcnot::'on.
Groul' 3

I: What deen tho torm opootaooQuo 11\0(.\'1?neoc it 11\0notho t'Mc't:ion

hM t1 bo faot?

Sll Yco t'oaotion takon plaaa almoO'l~ im.'1lodilltf.lly.

II Do (\ apontunoQUo roaQtiao io a roaction that takoo place

immodiately.
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I: Which iD mere :t'ollctivezn or Mg?
51: HCj

It Looking at the relative positions of Zn and Mg in your
roactivity aeries, since they ace reacting wHh the same
substanoe. So can you infer anything from th~ reaotivity series?

[Students: ••••oilence].
II Can you oay in whir.h beaker will eu be deposited first?
81: Second, copper would be deposited firot.
I I Do you go by that. DCI you think you can extract this fl.·omyour

reactivity serioo?
studental 'loa

student reaponsea about tho conc~pt opontaneoU9 reaction.
C~l:OUp 1

II S4, you w~re auying the reaction was very spontaneous. What did
you moan by that?

S41 What I m~ant is that a few of them did not ignite
r.pontnnoously. It took. t\ long t.ime before it ignited.

II So what clo~s the term npontaneous reaction mean to you?
841 Fast.
S31 'louf:Juti't: on top of!a :t.'lamoignites otraigh't away. Some

ohemioals, you have to wait for a while to get it flamed.
II 91, whut ooao spontaneouo mean to yoU?
all It oa~riBs on it io on going.
11 It io on goj,ug•••••'lOllmoun it can be olow?
Sll Tho procooo is on going it dOOd not go ~ff.
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51: The reaction between lithium and oxygen io fa~tdr than between
ea and oxygen.

II Lithium and oxygen will be quicker than between Ca and oxygen.
S2: Lithium is more reactive than Ca.
I: So your reactivity series is actually a series that tells you

what?
51r How fast the elements react with substanceu when they combine.
I: ',ould you peop l.ego by that? ok, what I am going to do now io go

ont' the other experi'nent. The reaction of mottll0 with
solutlono of metal salto.

Now in relation to what you have oaid, I have twu equationo on
the board ••

1) zn + CU504------> zns04 + Mg
2) Mg + CU504 -----> Mg504 + eu

II Now in tt~rmo of YOl1r reactivity series, which io more roactive Mg
or .n?

Sl: Mg.

I I OK, Now if Mg io moro l.'sactivechan Zn. Now eeu l.dyou tell me in
term~J of the reac.:tionwritten above what eo n you infor from uoing
the reactJ,vity oories?

52: The weaker one geto diopla~ecl by tho otrongor one. Zn io
otron"or than CU 00 Zn dioplaceo Cu.

I: Ok, and in the second CBOO?

Sl: Hg io stronger than eu and eu io dioplucod by Mg.

I: What ~loe cnn you infer?
91: Zns0t! and MgS04 io formed.
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Group 3
II could you account for the arrangement of the metals when the

meta.ls reacted with oltY9(m?
91: Potassium first because it was most rea~tive with oxygen, then

sodium and then lithium.
92: 'rhe alkalis metals were first.
I I How did you ascertain which is more roactl.ve? 'rhj,nkout aloud.

0011' t be scared. I want to try an ascertain What is happening
inside your mind.

S2 I :rt btlrn more vigorouoly.
I I You oay its more vigorOl\OI loto get.bacl~ to your quootJ.ol1.What

are you imJtlying wht:m you oay its tnOl;,"evigorous?
91: That: it is more reactive.
II What does that mean vigorous in terms of what?
Sl~ When potasoium io inserted into a gas jar, tho reaction io

almost i~nediate, spontaneous.
1: I Tho react.1,onwas opontaneoul:).
811 Tho roaction was almost immediate.
t I Right.
Sll Sodium followod potassium, magnesium followed calcium. You

" rot hoated potnssj,um, it caur;rhtalight almoot immediately
~he reaotivity oerieo io given.

t<,Na,Li,cll,Hg.]
I: Uoin; your roaotivity Dories what aan you infor if lithium i.

inRortod in (\ gao jar of QXY9'on and whon calcium io inoorted in
(\ !JIlGjar of oX:'900?
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S4: I think that Mg will take the place of l?b. The pieces of metals
II, will float at the top.

I: Is that all you can infer? That means Pb will be deposited in
both beak.ers?

I: Yes. Looking at the relative positions. You can see where Mg is
and where zinc is. What other aspClct can you infer?

54: I1g and Zn are more active elemento than pb, becauoe they on top
and take place of the leso active.

I: Which Lc most reactive, M9 01: Zn?
Sl: 119 it io higher up.
I: Ok, what does that mean?
Sl: Mg is a stronger reducing agent and Zn is a stronger oxidizinq

agent.
I: And what does that mean?
Sl: The Mg would undergo oxidation. The Mg looeo more ~lectrono.
XI More electrons?
511 Mg gave more electrons.
I: In which beaker would metals be deposited faster?
53: In the Mg bealter,
II Why?
Bl: Because M9 is higher up in the seriea.
al: Mg looe electrons fastor than Zn.
II DO you agree?
S3: yeO •.•• thoy loae relatively.

Student rcoponooo I.\bou;:the concept: reactivity and reactivit.y

om::1oo.
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55: How fast something can be done.
I: Now, what is being form£~dhere?
S5: Lithium oxide.
I: Sc:J you are looking at the rate the lithium oxide is formed

compared to calcium.
I: Ok, in order to know the rate at which lithium oxide is going to

be formed, should you not know the eqUation?
55: Yes ••• that sounds better.
54: Yes, to show how many types.
II Is it important to know how to balance the equation. Are you

saying that you cannot maaaure the l'atewithout knowing the
eC;luation?

53: I think to an extent it plnyo an important part to know t.he
time taken for the l:'eactj.onsto form.

I: Woulc. the reactions be impor.tant if you are trying to infer what
the rate would be?

54: 'les, because uBually you &100 use the halfway t3ums••••.•
II I am going to the displacement of metal ions in a solution of

their salts
[The following series i'3written down

Mg, zn, re, Pb,Cu

1;.~:----..[
fl04(aq)
,...._ ...

I: Uoing the ocri€locan you infer anything that would probably
happen?
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Il React faster with what?

55: Faster with oxygen.

I: 'loU think so. What are you inplying by t:hat? Are you saying

lithium ~xlde is formed faster than calcium oxide? Is that what

you can infer from the series?

53,4 & 5: Yes.

I: Are you perhaps saying that lithium has a greater tendenoy to

oombine with oxygen than Ca wot·1.d?

(5tudents; Laughing.]

I: Why are you laughing?

st~dents: confused now.

I: Assume you are talking of speed, is the amount important?

54: 'la, the greater the oxygen is, and the greater the lithium. 'the

more there is the longer it will take.

I: The longer it will take.

54: Yos, in terms of speed.

II Are we talking about speed?

S5: It might take the Same amount of time if we put a little more

oxygen in the second jar where oalcium is.

It You are saying if we have more it will take a longer tiIllt...You

are yaying the speed would be less?

55: ¥e~1 the ~peed would be less.

r I Whi.!\tdo you mean when you talk of speed? How would you define

spned?

51: How l.,ng it will take ..... to to form a neW compound.

r I A now compound lilte li thi"m oxide. Right so if you meacuze rate

what does the term mSan?
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7. HistogrllJT1s. (Appendix Jl)

- Histogram ohowing a compar Laon between stana'lt:ci8 and 10 otudents
reol?onsoo to the reactivity questionnaire io gi'tln.

- Hiotogratn nhowi ng the standard 10 student l:eoponoe~ to the
rata and equilibrium questionnaire.

The reoponoeo to each questionnaita are dealt with in more detail in
the next chapter.
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4. comparison of standard 10 students' reSlJlts for the reMtivit:y

and rate and equilibrium questionnaires. (Appendix G1)

A studento t-toot wao omployed on tho scores of 82 individual
otudento out of tho 23!i that wrote both the otandard e and the
otanoard 10 queotionnnire. The otudento' averago marko for the

respective qUeotionnnirco were compared. The t-toot indicateo that
the average mark obtained by the 82 otudento for the reopective
queationnnireo doeo net differ oignificnntly at ~ ~ O.OS.

A amall, negativo, non-oignificnnt oorrelation coefficient
(JcarGon'o rhoc -0.12S29) was calculated for the mnrko of
indiv;ldullloon tho twe, g~\eotionna.iroo. '1'hioindiontoo tho abneneo of
a relntionohip betwoen the mnrko of individual,o on the respective
queotionnniret1•

5. Compar.iscm of dlffE'rollt: lJohoQl., raeul.tu: ,for tlw rato and

equilibrium qUQsti()ntwi.r:o. (Appendix Ill)

Tho porformanoe of th() otllnclard 10 ntudonto of each oehot'll.fen: tho

standard 10 quootionnniro io 91ven . Each oenee), obtainod on an
aVO.1.·Clgo22%-25%. Tho (Iehool() l:'ooulto am('rIgot tholnoolveo woro not
signifioantly differont at tho 51 nign1ficancB loyel.

(j. IndJ.vidulil Dtu:J~nt r(lDpOnS()(J to Me ];'(J(totivl ty and .l:'ate llnd

equi.librium questionnaires. (Apprmd:i..'( Il)

Tho total mnrlt obtclinod for tho roopootivo qllootionnairoo by

each otudont io gj.von.
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c::Jueotionnni1.·o.

The foll(~wing null hypotheoio Ho and nltet'nntn hypotheoiri HI o.l'O

Ilooumed.

HOI Tho mean rool'lonooo for oto.ndnrd a and 10 (\1.'0 oqual.(-t'e 04:10')

Hll The menn reoponoco for otandard 8 and 10 are not equal.

(i.of9 ~ 1'10)

(The lovel of flignifidance io taken to be ): t:l O. OS or tI,e S'l.

oignifionnco leval)

'l'hoprobability of getting a t~valuo aD largo no 2.3035 i lIoio
true io 0.0216. Therefore Ho io rejected and wo concludo thoro io 0

significant ClifforoMo botwocn tho moan of otnndnrd 8 (1(0) and t!.o

mean of otandnl:d 10(110) at ~ oO.OS. (otd.a mean 0 24~" atd.10

moan tl 21%).

2, Comparison of different schooJ.:,' resuJ.ts for tho J:eact,ivity

questionnaJ.J:e (Appendi.'( 81.)

The performance of tho otandnrd B otudento of each oohool for tho
otandard 8 queotionnniro io given. Tho 1vo~nge Dorforman~o nt all
the oohoola wuo poor. Sehool n.\\mborS (35%) did oignifieantly
better than the 5 other oehoolo, but tho other ochoolo did not
differ oignificantly amangot themoolvoD. (19%, 23%, 17%, 231, 23%)

.3. standard 1.0 l'esuJ"8 ;[01.' the ).'.1 to and egu.J.l.ib,ri. um gu(wtJ.emlwJ.J.·c

(Appendi..'( F1.)

Tho overall rOGultl::on tho l.'ateand oquilibdul1\ Cju(JotionnaiJ.·oby tho
standard 10 otudonto include the moan peraontogoo fer tho corroct
rooponoo far eaoh quootion. Thoy fall botweun 5.5% and 33.61.

"
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correct/wrong ratio is the samo irrespective of standard.)

The following null hypothomio Au and alternate hypotheois HI are
assumed.

HO: The response is independent of standard.
HI: The response io not independent of otandard.
(The level of oign!ficance io taken to be ~ ~ 0.05 or the 5,

significance lovel.)

For question 1 the probability of getting a valte of X~ ao largo ao
calculated io 0.730. since Probability> 0.05, ~o io not rejected
and we conclude that tho otnncl!u:doal,"Onot differont in theil'
reoponoBo at ~ cO.05.

A oimilar oonoluoion holdo aloo for quostiona 4,5,6 and 7.

For question 2, the probability of getting a value of X2 aa large
aO calCUlated .0 0.037.
since Probability < 0.05, Ho io rejected Bnd wo concludo that tho
otBndBrcio are differont in their reoponoBo for thio quootion.
A oimilar concluolon holdo far queotions 3 and B. In all qUDotiono
(2,3 Dnd 8) where there 10 a oignifioant differenco, standard B
otudento performed better than standard 10 otudonts.

A Studento t-toot wao employod to compare the ovel':allavo~'age
obtained by the 411 standard B otudonto for tho standard B
queotionnaire with th,,+-of thn ~3S ntnncif\l'd10 otuciento for tho name
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3. Standard 10 reoults for the rata and equilibrium questionnaire.
(Appendix Fl)

4. Comparisoll of standard 10 stUdents roeulto for the renctivj.ty and
rate and e~ui1ibril\m C!ueetionnaireo. (Apt~endix (;1)

5. comparioen of different scheele reoulto for tho rate a~ct
equilibrium queotionnaira. (Appendix Hl)

G. Individual otudent reoponoeo to the reactivity and rate and
equilibrium questionnairoo. (Appendix 11)

7. Hiotogramo. (Appendix Jl)

1. comparison of the stallda.l.'d 8 an« J. 0 results on tile l'o(1ctivi t.}'

questionnaire (APpolldi.Y DJ)

Thio queotlonnairo was writton by 411 otandnrd Band 235 otnndard 10
otu~ento from 6 different cehoole.
The average percent ohoiooo by thoce otuclonto for the correct
rooponoao and the accompanying options for oach qUBotion of tho
roactivity ~ueotionnaire aro given.

For the purpoooo of the cornparioon the reoponooo fot tho
multiple-choioo qUBoti.ono wot'o treated ao (lithot'O(wron<,l)or
l(correct) i.e 'the reoultiog datu io not normally tH.ott:ibut.od.1\ X2
teot wuo then employed to compare tho rooulto of otanclard 8 atudonto
to thone of otnndard 10 otudento for tho otanclard 8 reactivity
queotionnniro.
A Chi oquarecl teat for independence wao carried out to determine
whether or not the oorrect/wrong reoponco io inc10pondent of whether
otlldonto are otanclnrcl8 or otnndnrd 10 (i .0 whethor tho

"
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+~--------~---------------------+----------+-----------------------+I I I
Concept I Rate I Equilibrium I+------~----~----.----~-------~-+-------~~-+----~-~----------------+I I

I I+-----------------------~--.----+----------+-----------------------+I
I

opontaneouD reaction equilibrium

I
I+__~_~. .~-----M----+-------- ~~ ._+
I
I

oatalyot rato

oquilibrium
+-------------------------------+-----~----+------------_._---------+I I I
I /\HO I equilibrium I
+-----------------~-------"---~-+----------+-----------------~---~-+I I I
I otrength of oxidining agent I equilibrium I+ M ~" +_~ +---.--"---_" ·r

I
I

I
I+ ~ ~ + +__w~ ~_~ ~ __ ~_~ +

I Iroactivity oorioo I rate I oquilibrium+ ·~ ~~~ w~ __ ~ +-~--------+~ ~__~ ~ ~~_~_+

I
I
I

reactivity rate oquilibdurn

electrochomical oorioo oquilib:dum

In an earlier "pilot otudy" by Bapoo, at nlO, quoatiano rolntod to
the above concept a wore aloc incorporatod. Soms of the quoruiono
doo:l.gnodin that ntudy were lined unchanged in thin ot\lC!Y. others
W01'O uced in part;l,nllyaltored £orm •

.ROI.wl ts

The rooulto of the following analyoen nt's givon in tho appendd.euo no
ohown below.
),.Comparison of tho ot.andnrd 8 and lO l'oc.mltoon the otnnclnrcla

roaotivity qUBotionnairo. (Appondix Dl)

2. Comparison of difforont ochools rooulto for tho stnn(\l1rde
ronctivity ql1ootio\nniro. (Appondix El)
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C~TER 4: REACTIVITYAND RATE AND E~OILIBRIUM QUESTIONNAIRES

STANDARD a ArlO 10 - CONTENTS AND GENERAL OUTCOMES

The reactlVl.t.yquestionnaire wuu ,.It:~igiledto aGcC'rtuin Ltudentc
understanding of the ooncepto reactivity, reactivity sories and
related concepts tested earlier in the interviewG. The diotractoro
used for the questions, referred to possible misconception~. The
contento teoted by the gueotiono were concepts within t.he framework
of the topioo rates of reaction and chemical equilibrium.
The distrBctorn for the qUestionD on reactivity DerieD had n "rate
bias", i.A. they inVoked a connection betwmen rate of reaction and
reactivity. Hardly any diotractoro were related to the overall
energetico (0c:luilibdum) of the reaction. options ouch tID "none of
the above" were inclUded 00 that, if students falt that the options
which were given did not relate to either the kinetic or tho
thOl:moc:1ynamicimplications in tho torm reacti vity, they could choose
theoe optj.ons.

Tho rate &nel equilibrium questionnaire was deSigned to teot whether
students could diatinguioh botwoen rates of reaction nnd chemical
oquilil:lrj.um.
Distractors were related to both the t'nto and chemical eq~lilibrium
aspecto of roactiono. The qUBotionnaire aimed to test whether the
opocific concepto giVen below \lore interpreted in a kinetic or a
thermodynnmi.o eenae , Tho correot associl.ltionof the specific cencept,
with tho gonoral ccncepn of "t'ate"or "equ.i.libril1ln",io given below.
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G2, 51 (No, no ~••) to Sl (Yes, it coulcl•.. )J.

statements (1) & (2) give the notion that students are aware that a

catalyst increases the rate of the reaction, but they also clearly

do not know how a catalyst works.

Exothermic and endothermic reaction.

students could not differentiate between two distinct processes i.e.

the initial heating af lithium and the subsequent reaction of

lithium with oxygen whic!- is an exothermic process. Whether the

overall reaction of lithium with oxygen was exothermic or not was

not clear.

Lithium was heated before a reaction took place and the l:eaction of

lithium with oxygen was therefore considered to be endothermic.

Students therefore could not distinguish activation energy (a

kinetic concept) from the endothermic nature of some reactions (a

thermodynamic concept). [p 49, G3, I (What is •.• ) to Sl (You making

... ) ].
students did not suggest that a thf.)rmometer is an inotl:ument that is

an extension of their ~ense of touch and that it could be used to

indicate whether a reaction is e)cothermic or endothermic.
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2. The reaction takes place without any time delay and is imnlediate.

[p 41, G1, S3 (You put .•• ) to S3 (You put ••• ))i [p 42, G2, S3

(Something ••• ) to Sl (I don't ••• )li [pp 42,43, G3, si (Yes •.. )

to SI (Yeo •••)J & [P 43, G3, Sl (If you •.. ) to SI (Yes ••• )J.

3. A spo~taneous reaction does not require a catalyst.

[p 42, G2, I (Yes ... ) to Sl (Yes ... )).

4. A spontaneous reaction takes place without heating.

[p 43, G3, S2 (Spontaneous ••• ) to S2 (Yes ••• )J.
statements (1),(2) & (3) link the term spontaneous to speed, and

speed is implicitly linked to "time". Students appeal" to be lit.king

the oonoept of spontaneity to time, which falls in the provin~e of

kinetios.

Statement(4) may be linkipg the concept ~ith thermodynamics, perhaps

implying that an endothermic reaction is non spontaneous. However

this too may be kinetic - ie imply.'.ng a low a.;:tivation energy.

Catalyst

'J.'woi.~portant points Qf view illustrated by the i"terview statements

are:

1. A catt'.l.ystspeeds the rate of the reaction II'.ithout tGlk.ing part. in

the react.ion.(my italics)

[p 43, ci , I (What is .•• ) to 53 (speed up ••• )J. [P 44, G3, 51 (A

catalyst •.• ) to Sl (A catalyst •.. )).

2. The application of "heat" to lithiUm when reaoting with oxygen

was considered by some as a catalyst.

[p 45, G3, I (Li was inserted •.• ) to Ss (Yes ..• )J. [pp 46,47,

"
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The general description of reactivity series was simply as a series

reflecting how reactive a metal is, without understanding what the

term reactiv~ty meant. Many responses exposed lack of clarity and a

sense of uncertainty regarding the concept reactivity. Terms like

spontaneous, vigorous, strong and weak were used to explain the

concept of reactivity, without any specific scientific meaning of

the terme. 'rhey seem tc be used rathet like alchemists might have

used them - almost anthropomorp'.lic or animist. [p 28, G1, 51 (It is

probably the ••• ) to 54(It is so much •.• )).

]I. reactiv.tty series was considered by some stUdents not to be a

general concept, but specifically linked with reduction.

One student also gave the metals in the series arbitrary values,

thus indicating perhaps that it was seen as analogous to an

electrochemical series. In school textbooks the electrochemical

fleries is the only "reactivity series" which is associated with

numerical values.

No students referred to equilibrium or extent or direction of

reaction in talking about reactivity and reactivity series.

spontaneous reaction.

The following aspects pertaining to the students understanding of

the term spontaneous reaction were highlighted in the interviews:

1. ]I. spontaneous reaction is fast. [p 41, GI, I (50 what .••) to S4

(Fast ••• )].
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Reactivity and reactivity series

Interviewed students often described a reactivity series as a series

reflecting the relative sp<.!edof the reactions.[p 27 G1, 1(50 ate

you ••) to 53(Yes)];[p 40, G3, 51(~he reaction ••.) to 51 (How

fast •.•)]

The more reactive metal ill the displacement of a metal from a

",olution of its salt was considered to ddspLace tr e :aetal faster

than a less reactive metal.

students tended to judge all these reactions by speed (kinetics)i.e

the rate at which metals are deposited or the speed with which

metals are "kicked out". [PP 32,33, G1, I(Lets •.•) to 53

(definitely)]; [pp 38, G2, I(Yes.) to 53(Yes.)] & [p 40, G3, 51

(The reaction ..•) to 51(How fast .••)]

Though studen'ts viewed the reactivity in terms of rate they felt

that if the amounts of reactants increased, the reaction would take

longer and oonsequently the rate of the reaction would decrease.

Ideas of reaction rate are not at all clear. [pp 33,34, G2, 1(Could

you ••.) to 51(Teacher told •••)] & [p 36, G2, 1(Assume .•• J to

51(HOW long •..)]

The rate view of reactivity which was earlier adopted wr -,

describing metal~ reacting with oxygen, seemed t~ be tacitly

transferred to the reaction of metals with solutions of varioue

metal salts.

Th~ total quantity of heat evolved during the reaction - a

thermodynamic characteristic - seemed to be neglected.
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I: What is an endothermic reaction?

51: A reaction that absorbs heat during a reaction.

I: sometimes you supply heat to reac.tants, but when the reaction is

started energy is given off. So do you mean that when heat is

~equired for a reaction to take place it is endothermic. Or must

the overall reaction be accompanied by the absorption of heat?

51: You making me thinlc.

52: Endothermic.

51: But heat was given off, therefore it is exothermic.

I. ok, can a catalyst speed up an endothermic reaction?

Students: silence.

I: ok , Lets move on. How do you know when hea; is given off in an

exothermic reaction? Do you have to see light in an exothermic

reaction? How do you recognise an endothermic reClction? How

would YOll test Ior i.t?

51: If you feel the heat, then it is exothermic,

3.2 Discussion of standard 8 interview respondes.

In the following discussion links betiween transcript statements and

analysis claims are given in the format [page number, group of

students, student no. (starting ~tatemeh~) to student no.( ending

statement). All example of the short notation would be [p30, G1,

t(From the •••) to Sl(No, not powerful •••ll

'rhe abudent s interviewed had a ~.'or understanding of aspects related

to the concept of reactivity. The most significant misconceptions

revealed by these interviews are reflected below.
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misunderstanding arises probably because students are aware that, on

heating, the rate of the reaction increases, and that a catalyst

also increases the rate of r~action. The heatinq can have both a

kinetic and a thermodynamic ~ffect. A catalyst has only a kinetic

effect.

In evel:.'ydayusage the word catalyst :i.snot limited to subat.aneee ,

change or aoticm may be "oatalysed" by all manner of non-substantial

thl.ngs. This may help foster th~ PL sistellce of this misconcept'Lon

in chemistry.

"
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+---+-------------------------------~-------------+----------------+I D. Inon spontaneous because I I I
I I I I I
I INa had to be heated. I 11,0 I ].7,9 I+---+----------h--------------------+-------------+--- +
IE, Icntal.ysed because the I I I
I I I I I
I Iheat supplied was a I I I
I I I I I
I Icatalyst for the reaction. I 14,2 I 13,2 I
! I I I I+ +_~M + +__~ +

Discuooion.
Studento were presMtod with a variety of dJ.o·,ractorstooting a
number of misconceptiono. Responoe (P) demonstrates that otudento'
conception of an endothermic, or exothorlnic reaction io not clear.
'rho overall reaction is exothermic aD ,rofloc:todby about: 20'10 of both
sampl.es choosing the correct option (A).

ApprOltimatel.y 23% and 12% of the reopoctivo groups chooo option
(0), indicating that the reaction :I.sspontaneous beeaune the
ronction is rapid. ':rhoexistence of this view wac shown in
question 3.

options B + D + Ball foouo on pru-hoating. All thODe attach more
importanoe to thio, than tho uubnequorrt exothermio roo.ction. 48 ¥i of
att,lndarde & 10 therofore complotely miaundorstood tho pll);'poaoof
heat.ing the soclium, although tho majority m\lot h(\vo aeon it
demonotratecl.

Intal:vieWD conducted amongst. tho stanciuI'deight otuoento oh;,wad
that "hoating " io regardod by oomo no cntulyoing. Indeed in both
~roupo about 1~% of the otudonto choDe option (I). Thio
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Question 4.

objectivet To tent whether students can clistinguhh between
eKothermic anelenJ:>thermic reaclt'lnns.

An exothermic reaction is a reaction in which energy is liberated in
the overall reaction. Xn this question the heating of sodium io
effeotively providing activation energy. However the overall
react.i.onof sodium with oxygen io an exothermic reactic:m.
"Heat" cannot be considered ao u cutRlyst. A catalyst for chemical
reactions io u substance.

Question "

When Na io heated in u deflagratinq spoon, and then inoel:'teclin a
gas jar of oxygen, there io a vigorous reaction with oxygen
accompanied by the emission of light. The reaction ~f Na with
a,YY9'lm can be considored to 1"0

I
I I I!std.8students!std.10 otudents I
I ! I
I %/option I %/option I+ + ~ ~ +-- " M ~-- ~+

I

Phase 1 Phase 1

Optionn

I .. INO r€lflpOnOO I 0,7 I+-~-+----~.,---.------~------~"-_\~----+~-------~----+-----~~------~--+
I I

I I I
IJ.J.berat:ed in the fat'mof light. I 37,11 I
I I I+-__+ ~ ~M Y~ +-------------+- .. w ~ M+

I I
I I
I I
I I
I 23,2 17,0 I+---+-------------------------------+-------------+---------~------+

I
I
I

0,4

IitA. Icmothol:mic beeauee energy is
I
I
I

40,0

1'. Iendothermic: because ~'Il wac
!
Iheat:ed before the reaction
Iloould take plaoo,

I c.lspontan~ous booauoo tho
I I
I Iroaotion wac rapid. 13,4
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respective groups chose this option, illustrating that they perceive
j spontaneous reaction as one that takes place without an~ delay.
This view \~a9 also expressed by the students that were interviewed.
This misunderstanding of the term spontaneous is probably due to
it's everyday us~ge. The term is usually meant to imply that the dct
is voluntary or taking place at it's o~ accord and without external
incitel1\ent.By this cerm, sudden movement is also implied.
About 20% of the standard 8 and 37% of the standard 10 studento
felt tht\t a spontaneous reaction takes plaoe withou'C heating. This
l1\aybe reflecting the same basic view, nal1\elythat it takes place
without delay. If so, then 90% to 90% 02 all students hold oimilar
views on spontaneity.
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Que':, ion 3.
Objeotive: To test students peroeption of the conoept spontaneous

reaction.
A spontaneous reaotion is a reaction thi'lt.iG thel."::iodynamical:Ly
favourable. However the rate at which the 1." !).otiL,nwH 1 OCOUl: is not
predictable. A spontaneous reaction may gj,vo off or absorb energy
i.e both endothermio and exother.mic reactions can be sperrcanecun ,

The shortness of time lag for the reaction to oocur io not a
criterion for the spontaneity of the reaction. Time fallo in tho
province of kinetics.
~.G io the oriterion for spontaneity.

QuestJ.on 3

A spontaneous reaotion io a reaotion that

+---+-------------------------------+-_ ..----------+---------------+I Phas!? 1 Philoe 1 I
I I I II optj,ons Istd.S studentslStd.10 students I
I I I II I %/option I %/optio~ I

I - INo reoponDe I+---+--------- ..---------------------+-------- +_------. '-- .. 'i'

I A.lnlwayo givoo off energy. I 7,9 1,7

I B·lalwayo absorbo energy. 2,4 1,3 I+~.-~+~----~------~-------------~----+--------"-----+---------------+I c.ltakeo place without any dolay. I 58,4 54,0 I
+---+-------------------------------+--------------+---_._---------+I D.locduro without hoating it. 20,4 37,0
+--~+-~-----------------~-----------+--------------+---------------~I#S.lcan ooour, howovur it r.ould be I
I I I
I Ifaot or olow. I 10,9 6,0

DisClIDoion.

Option (e) waD tho moot popular reoponoD. About 581 and 54% of the
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+---+--~--------------------------~---------------+-----------"----+Ie. I l( will react with more I I I
, , I I I
I I oxygen than Na. I 3,7 I 5,5 I
+---+-----------------------------+---------~-----~.----------------+I D.I the reactivity series can I I I
I I I I I
I I be used to prftdict which I I I
I , I I I
I ,metal would react tho I I I
, I I I I
I I fastest with sulphur. I 7,3 i 8,9 I
+---+---------------------.-~-----+---------------+----------------+E., None of the above

I, otatements is correct.
I 6,6 11,1+~__+_~ ,~- ••+- ~_w __ +

Discussion.
A fairly large percentage of both groupo chose the correct
option (8). This answer was an obviouo choico, and it is su~prioin9
that not more than G~% ohose it.
\rheohoice of options (A) and (D), totaling about 24% of both tho
groups of otudent'illindicates a belief that the rolative spoed with
which the metal~ react can be deduced f~om the roactivity oorioo.
Choioo A is probably a relativoly otrong diotractor ao many otudento
havo seen the roactions conoornod.
only a omoll p~rcentage of the otudonto choon option (el, indioating
in effeot their beljef that roactivity io relatod to stoichiomotry.
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QUestion 2.
opjective: To ascertain students interpretation of the reactivity

series.

From the given reactivity series it is not possible to predict the
rate at whioh the respective metals will reaot. Even though
potassium is above souium in the raactivity oerieo, it doeo not
neoessarily imply that potassium will react facter with oxygen, nor
that it will react with more oxygen. The latter can be determined
from the stoichiometry of the balanced equation gf the reaction.
Both the kinetics no well uo the thurmodynamics of the reaction are
in some way ilnpliclltedin tho term reacti vity. Gold occ1lpiec tho
lowest poaition in the reactivity series attached to the
queotionnaire.

Questi.on 2

The following statemento are given below:
Use the acooinpanying reactivity series for metalo and hence choose
the most appropriate reoponSD:

+---+-~~----~~--------------------+-----~---------+----------------+Phase 1 I Phuoe 1 I
I I Ioptionu Istd. 8 otudontsl std.10 studontol
I I I
I %/aptiQn I %/option I+---.~~-~~---------~-----~---------+---------------+----------------+I - INo ~e~ponoo I 0,7 2,1

I 1'..1 K X'oacto faster with oxygon I
I I I
I I than Nn deen, I 15,9 14,9

It,l13. I '1'ho10afJtroactive metul
I I
I I io Au. 65,9 57,4
+-~-+-------- ..--------------------+---------------+----------------+
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Some students also felt that a cata~.yst "initiates" a reactj.on.

'this is reflected in those who chose C and E (= 12 '5 std. 8; 14%

std. 10). This view .is not unreasonable as many reac'tiotls proceed

extremely slowly without a catalyst. It therefore may appear as if

reactions are initiated by catalysts in soroe cases.
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+---+~-------------.+-------------------+--------------------------+
1 1 1 Phase 1 1 Phase 1 1
I I I 1 I
I 1 options 1 std. 8 students I std. 10 students I
I , , I I
I 1 I ~/option I %/option I
+---+---------------.~-------------------+--------------------------+1- I No response I I I
+---+---------------+-------------------+--------------------------+IA.II 1 78,8 I 75,3 I
+---+---------------+-------------------+----------------~---------+
I e., II 1 1,5 I 3,4 I

+---+---------------+-------------------+--------------------------+Ie,I III I 2,7 I 0,4 I
+---+---------------+-------------------+--------------------------+1#0 1 IV I 7,5 1 6,8 I

+---+---------------+-------------- .._---+--------------------------+
1 E I III & IV I 'l, 5 1 14 , 0 I

+---+---------------+---_ ..._------------+--------------------------+
Discussion.

The results of this que'Jtion give some cause for concern.

Approximately 75% of both the standard (1 and the standard 10

students believed that a catalyst speeds up a reaction without

taking part in the reaction. This probably stems from the idea that

bec..'::l\sea catalyst undergoos no overall chemical change, it does not

take ?art in the reaction. The idea of r~generation as the reaction

One standard 8 textbook35 used by students transmitted this

misconception. The textbook s'\:.a':',edthat "a catalyst speeds the rate

of a ~~action without participating in the reactivn". students at

standard 10 level retained this mi.eccnceped.cn] they had used the

same textbook when they were in standard 8. A large percentage of

the students in standDrd eight used this textbook as a major source

of instruction. standard 10 students also used the standard 10

version of the physical science textbook by the same author. The

same misoonception was still evident.
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objective:

Question 1

To test students understanding of the term catalyst.

chemical reactions have two fUndamental aspe- s , :firstly there is

the rate a~ which the reaction occurs and secondly there is the

position of the equilibrium. Catalysts are continuously regenerated

dUring the conversion of reactant to prodUct. BeCause they are

regenerated it does not mean that they do not take part in thE'

reaction. A catalyst affects the rate of the reaction and not the

yield of the producto.

If the reaction is thermodynamically unfavourable the addition of a

catalyst will not make it thermodynamic£llly favourable.

Question 1

I. A catalyst speeds up the rate of the reaction withollt taking

part in th~ reaction.

II. A catalyst increases the yield of the products in a reaction.

III. A catalyst initiates a reaction.

IV. A catalyst increases the rate of the reaction.

Which of the above statements do you consider to be definitely

appropriate?

# indicates correct response
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students were directed to use the following reactivity series in the

questions unless otherwise st.ated. This reactivity !':orieshas been

taken from a standard B physical science textbook without any

modification.

Reactivity aeries for metals

Ba

Ca

Na

Hg

Al

zn

Fe

pb

(H)

Cu

Hg

Ag

AU
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ClIAPTER 5: QUESTIONNAIRES

An analysis of the reactivity questionnaire is undertaken first.

Thereaft,er t.he ana'.ysis of the rate and equili;:'d.um qUestionnaire

follows. The rate and equilibrium questionnaire ~ontains both

muJ.tiple-choice questions and open ended questions.

S.l Analysis of responses to the reactivity questionnaire.

The original questionnaire appears in Appendix 1'.1.

Both the standard 8 and 10 students were presented with a variety of

questions which aimed to test their u: . ~ing of reactivity and

related concepts. In this section, the responses of the students are

discussed on a question-by-question basis.

The obj'.9ctive for each of the eight. multiple choa.ce questions is

given, together with some explanatory remarks. This f.s followed by

the multiple-choice options \~bch are individually analysed. There

is brief discussion of the choice of options by the respondents.

The correct resronse is marked with an #, and the percentage of

stUdents from th~ respective standards selecting each resp~nse is

indicated for each question.
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Objective I

Question 1
What information is extracted from the stoichiometric
equation?

How far a reaction goes and how fast a reaction is, cannot be
predicted on the basis of a balanced chemical equation.
Quantitative information on rate can be retrieved from the rate
equation, whioh io obtained from experimental. data. The rate
equation may be o£ any order and therefore we cannot m(\ko n
quantitative prediction from tho balanced chemir.al equution. In Domo
oases the r.ate law happens to refloct the atoiohiometr.y of the
reaction, but it io illlportantto note that thi() is net always the
case. The :r:atelnw io oomething arrived at by experiment and cannot
be inferred simply by looking at the roac:tl.onequation32•

Question 1

The balanced chefllicalequation for the reaotion botween hydrogen and
nitric oxide io

GiVen this eCjuation decide how the rate of tho reaotion .i tl

influenoed by doubling the ooncentration of NO:
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5.2 Analysis of responses to the rate and equilibrium
quootionna.ire.

The odg;l.nal queotiollllail'enppeax:o in appendix B1.

standard 10 students were presented with a va~iety ~f questions
whioh teoted thoir understanding of renctivity and related oonce~~o
such as rateo of retlation and chemical equilibrium.

Studento were present~1 with ceven multiple-choice qlleotiono and two
open-ended queotiono. T~o correct rosponse fo~ the multiple-choiue
queotions io "Iarltedwitil an tf, and tho percentuge of ot:.:tdentl.
celocting aach reoponoo io indioated.

The objective for each of the coven l1Iultil,loo)',oiooquestions and
the open ended queotiono io given, together with oeme explanatox'Y
re.lnarko.This io follCl\l'Odby the mul tip1.()~choiceunel open-ended
queotiono which are individually ana Lyaed , Thero io brief c!:tocuooion
of tho ohoico of optiono by tho reopondonto.

Some of the t,luootionoin thio reoearch otuc!y had been uood in "
queotionnuiro deoigned t.otoot the mioconceptiol10 of n gtotlP of
south Afrioan touchero on aopecto of rate of rOQction nnd
chemical equilibriums. other queotiono in that otu~y woro oimilar
to those in this reoearch. Whore the quootiono in tho (ladie)" otlldy
nre identical to thin otudy, ~orcentngoo for all the optiono chonen
in the onrl.:l.e.l':otudy nrc gi\'on. Whfll'Otho qllootionn in that study
arc oimilur to ~hooo in th~.o study, porcenturJon for the ~'rinci.pulor
occotldary mio(Jonooption rololfant to thio otudy aro givan.
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+---+-~------~.-----,~---~-.--~-~--~-~+--------------+-~-------------+D. /'l'!>e order of tho roaotivity
//serieo for the metuls never
/lohangeD irrespective of the
Iloubotanoco they renct with. 44,3 37,9+ + ~ ~ M +-- ,~- ~ +

1#~.INono of tho above Dtntemonto
I I/ 1.1.0 correct. 17,1 9,9
.f. +IIoM.'· ,. · ...._ ..... _+ --+---------------+

Dioouosiol'l.
A large peroontn9~ of both groupo chooo option (0), that tho
pooition of tho olemonto in n roactivity cerieo io invo.X'iatlt. A
fnirl.jIla:r:gcporcentago eneo ngo,i,ntaka tho reueJtivity oerieo to be

oome oort of n. "rate oorieo". Sinco this io n.lrouclyohown to be a

widoly held miocone-option, it io understanda.ble tha.t this ohoulcl
huppan. Henoe tho peroentago choosing option 1) might well 1'10 higher
if thoro were othor, 10M pepular diotl"UctOX'o.
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Question B
Objectivol To determine whether otudento take tho pooition of the

olomento in n roacti vi ty oorHIO to be invariant.

Elomento high up in the ocrieo do not have q:reator energy than
elElmonto lower in the serioD. The ordor of tho reaotivity Dorien in
not invariant. Mcok24 pointe out that thGl:'onrc mnny activity o~rice
although thore io only one electrochemical nerico.
T:,e relative t-atlJoat which hydrogen if.!Hbo:t.'lltocl can only be

obtained from tho ltloaoured t"nt'aoof the l.'oactiono eenecened ,

Quoot:.i.(1tl 8

Which of tho following o'l.ntomonto about tho mota.l ,;enctivl.ty oorioo
:1.0 true?

Optiono
I phaoo 1 Fhano 1
I I IIntel.S otudentalotd.10 ntudontol
I I I
I "aptian I % laption I

I - INo rooponoo I 0,4'tl~~~+_~ ~.~_~. __~ ~. + IQ_~ U~~+ __~__ U_~._~M_M_+
I A.IElomontD high up in tho Dorio a I I
1 I I II Ihave Q let of enorgy. I 10,0 I B,9+~__+_~_~_~~ ~ ~"_"_~ ~n+ ~ ~h+__.• .~~~_*+

a.IMotnlo highor up in the oorioo I I
! I I
1101111 ronot /lUJt.fU: with I I
I I I
!oolutiono of motal oalto I I
I I I
Ithnn motnlo lO\~f.lr down. I ~:2,!i I 33,6+~-_+" • ~__~~_~~ ~ +~ .f_~ ~"+.._~ ~__+

c.] '.rhooomotulo immocii{ltoly nbevc I I
I I I
Ihydrogon will rtHwt wi ~h diluto I I
I I I
Ineido to produco hydr~1on I I
I I I
I faat:c.t' than a motul furthOl: up. I 6,1 ! 9, e

+~_"'+ __""'''' __ '''('' '''''__ ''''''M_'''''''' __ '''''"",,''''''''''''_+'''''' '''''''' ''''of,,,,-,,., .... - ........ -_ ......... to
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Diocuooion.

Once 3g ;!.nthe student responses indicate that more than half of
them ho: ; the view that a roactivity oerit::lOio a (lorieo thut given
.Lnformntion about the speed with which tho element will react.
Distractoro (A) & (9) reflect the above unoertion.
only about 20% oorroot1y indicated that the rates of reaction could
not be predicted.
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+---+----------------------------~--+--------------+---------------+
1 I 1 phase 1 1 Phase 1 1
1 I 1 I I
1 I Options Istd.8 student IStd.10otudento I

I I I I I
1 I 1 % /option %/option I+---+-------------------------------+--------------+---------------+
1 - I No response 1 1,0 I 0,4 I+---+-------------_ .._---------------+--------------+---------------+

A. I'l'hereaction in teot tube (2) I I I
I I I IIwill be faster than that in I I I
1 I I IItast tube (1), because chlorine I I I
I I I I
1 io h.i!lher up in the reactivity I I I
I I I I
Iseries from iodine than I I I
1 I I I
Ifrom bromine. I 13, Sill, 1 I+ + ~ M_~ ~ +_-----~-------+_- +

n.I'l'hereaction in teot tube (1) I
I IIwill be faster than that in 1

I IItest tube (2), because bromine I
I Ilis more reactive than iodine. 45,3 45,1 I+---+-~--~"~----~~----------~-------+-----."--------+---------------+1#0.1 The ope d £Itwnich tho reaction I I

I I I II lin the reopectivQ toot tubeo I I
I I I I
1 Iwill take placo cannot bo I I
I 1 I 1
1 1predictod from tho reuctivi ty. I I
I 1 I I
1 loerioo I 20,6 17,9 I

D. ITho reaction of ohlorino with
IIboth solutions w\ll not be
Ilop~ntuneouo beoause no heat
I
I io oUI?Plied. 10,3 12,8

I E INone of the above otntomcnto
I I
I lio oorroct. 9,3 12,8
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objeotive:
Question 7.

Interpretation of the halogen reactivity series.

Once more the speed with which a reaction takes place cannot be
predicted from the halogen reactivity series. Chlorine being higher
up in the reactivity series from bromine and higher up still from
iodine, doeo not neceosarily imply that it will react fas'l~e:r:with
potaooium iodide oolution than with potassium bromide oQlution.
Chlorine can however displace both bromine and iodine from their
respective salto.

Ouest.:/.on 7

Chlorine io bUbbled (l't the same rata through solutions of KI and
Kar, in the respective test tube~ (1) and (2). The solutions are of
equaJ, concentrations and of equal volume. From tho halogel1
reactivity o~rieo given below, the following can be ~oncluded:

C12(9) C12(9) Halogen reactivity serieo

F2

C12

Br2
I2

l{l3raqI IKIaq I

....

(1 ) ( 2)
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+---+-----------------------+--------------_._--+------------------+, , , Phase 1 , l?hase 1 ,
, , , I ,
I I options I Std. 8 students 'std. 10 students I
I I I I I
I I I %/option I %/option I
+---+-----------------------+-------------------+------------------+I - INO response I 0,5 I 0,4 I
+--.+-----------------------+-------------------+------------------+1 .1\.1 I I 7, G I 7,2 I
+---+------------_._---------+.------------------+------------------+I B·III I 23,2 I 11,5 I+ + M~ +__-----------------+_---- __ w +

I C.II,II & III 34,9 I 44,7
+---+-----------------------+-------------------+------------------~I#D.!IV I 23,2 I 17,9 I
+---+-----------------------+-------------------+------------------+I E·I!II I I I
I I I 10,7 I 1S, 3 I
+---+-----------------------+-------------------+--------~---------+
Disouscion.
onl,!!about one fif.th of both groupo chene the correot optic'n(D). In
question 5, only 9% of the std.S and J.3%of the std.10 did not see
a connection between rate and reaotivity (option E) £\0 oompElred to
23% std. a and 18% std. 10 in this question. .1\ lower per.centage
oould not see the conneotion between rate and reactivity in question
5. This io probably because of more pl£\uoibl~ diotraotoro in
question 5. In queotion 5, higher perr.entageo did not invoke a
connootion betweon l"oactivity and rate beeauee tho alternatives were
coupled and thus the choicoo of optiono ware leoo ocattered.

Option (.I\) uue a tho term "reudily" which io ambiguouo no to whether
it in kinetic or thermodynamic in oenoo. Hence option (.1\) ill
ambiguous. Option (C) includeo I & probably indicates a kinetic
interpretation of "readily" oinc~ II & III are "kinetic ched.coa ".

Henco the ovorall kinetic ohoico io n + C + E c 69%, otci8, 74\, otd
10.
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objective:
Question 6.

To ascertain students interpretation of a reactivity
series.

ay using the reactivity series it is not possible to say whJch
metal compounds woul.d decompose readily or what the relative rates
might be.

Meek.24 reports that literature £iqures for the minimum temperatur.es
for decomposition of carbonateD show wide variations. Hence the
action of heat on carbonates should not be used in building up an
activity series. 'l'heliterature figures for magnesium carbonate
vary from 2300C to 680oC, for example.

Heek.24 also points out that a reactivity series gives no information
about the speed with which metals will. react.

QUestion (j

Conside:t·the following statements about the metal reactivity sedes.
:t. Compounds of metalo at the top of the series decompose more

readily than compounds of metulo at the bott.:Jm.
II. A reaotivity oerie~ is a oerieo in which the metal reactinq the

fastest is placed at the top.
III. A 3:eact.;'vityseries predicts the relati.ve speeds of reaction of

metals when reacting with any substance.
IV. A l:'eactivityserielJ gives no informati.on as to h011'fast a

reaction of a metal would occur.
Which of the above statements would you conoider to be moot
appropriato?
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students choosing these options may in p~~t reflect the unclear

manner in which sOme of the current standard B texts are written.
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+--+----------------~-------.-------+--------------+----------------+I I I Phase 1 I Phase 1 I
I I I I !
I I options Istd.8 studentslstd.10 students I
I I I I !
I I I %/options I %/option I+--+-------_ .._---------------------+--------------+----------------+I - I No response I 0,5 I 0,9 I
+--+-------------------------------+-------------- ----------------+I A I Zinc will react faster than I I I
I I I I I
I I lead with the copper SUlphate I I I
I I I I I
I I solution. I 30,2 I 26,0 I+--+-------------------------------+--------------+----------------+I BI Zinc will react slower than I I I
I I I I I
I I lead with the copper sulphate I I I
I I I I I
I I solution. I 5,1 I 5,5 I+--+------_ .._----------------------+--------------+----------------+
I cl Both metals would react I I I
I I I I I
I I with the same speed. I 17,1 I II,S I+--+-------------------------------+--------------+----_ .._---------+I D I Copper will be deposited I I I
I I I I I
I I more r.apidly in beaker (1) I I I
I I I I I
I I than in beaker (2) because I I I
I I I I I
I I zinc displaces copper iono I I I
I I I I I
I I fastl~r than lead does. I 37,5 I ~3, 4 I
I I I I I+--+----_ ..-------------------------+--------------+----------------+I#E I None of the above I I I
I I I I I
I I statements is cocrcct . I 9,2 I 12,8 I
I I I I I+--+------------------------- +--------------+----------------+

Discussion.

All the options, except E, invoked a connection between reactivity

and relative rates of reaction. Approximately 90% of both standard 8

and 10 otudents responded in this manner, with options A+D (60%)

being the moot favoured.
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Question 5.

Objective: '1'0 ascertain students interpretation of a ro!lactiv~t:.y

series.

The r~'activity series used in this question is essentially a

displacement series, giving no information on the relative rates at

which metal iona' will be displaced from the relevant salt solution.

From a reactivity series one can predict which metal wHl be able to

displace a metal ion from a solution of it's salt. The above is

essentially an equilibrium statement.

Quest.i.on 5

Equal numbers of moles of lead and zinc are placed in the same

concentrations of coppe'r sulphate solutions in respective beakers.

(see diagram)

CUS04 (aq) I

Pb

(1 ) r 2)

'l'hereactions in thf~ respective beakers ar e given below

1. zn(s) + CUS04(aq)

cuS04(aq)

---_ ..----> + Cu(s)
2. Pb(s) + ---------> PbS04(aq) + Cu(s)

Which of the following statements can be inferred f:om the

accompanying metal reactivity series?
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Objective:
Question 5

Is a greater voltage taken ao indl.wa1:..uggreii'ter
current?

The EO valueo tell us whether or not the reactions are
thermodynamically favourable, but not how fast reaction actually
does occur.
Ao with any chemical. rerction an electrochemical reaction (i.e. one
conducted in a cell) once started, for example by closing a switch,
may prooeed at almost any conceivable rate. The eleotric current
that pancen in tho extel.·nalcircuit io a 11lanifestationof the rate
of the overall cell reaotion. Just aD for chemical reactions
generally, thero io no neeeenary connect Len between the elct:antof a

reaction at equilibrium and the rate of.the reaction, so in
eleotrochemistry, there is no necessary connec~ion between cell emf
and current. The ourrent, but not; the emf I is affected by cell
construction and is dependent on the typical factors of reactions
in general sueh as tempel.·utureI surface area etc. (Bradley and
Brund'4; Ogud(14)

OU(!st:.i.on 5

In the following electrochemical cell representations ammeters Al
and A2 are connected with identical copper wires to the respective
cells.
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the previous research study (see table). EO values appear to be
used as killetio data by 50% of the tea..hero.
ThUG nlthough toachOl's wen.) somewhat more ouc::ccCloful, it appears

that faulty teaohing may be oontributing to this mioconoeption
amongot students.

+-----------+------------+
I Iop'tiono I Teachers/% I+__~ + M +

A 2(;\,0

I+-----------+---~--------+I

B 16.3

I+-----------+------------+
I

c a,7
I+~ +W__~__N +

I # E
I

D o

50
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+---+----------------------------~---------------+-----------------+I options Istd. 10 st.udents I
I I I

I I I % /option I+_~_+ M ~---~_~ ~ ~ +----~ +
I - I No responoe 0,9 I
+---+------------------------------------------_ ..+-----------------+I A.I Reaotion (i) is faster than reaction (ii) I I
I I I I
I I beoause the EO value io larger. I 20,1 I
+---+----------~~-------.---"--------------------+-----~----~~---~.-+I B·I
I I
I I

Reaotion (ii) io faster than reaction (i) I
Ibeoauso tho EO value io omaller.. I 12,3

-1•.---+---- .........-....----- ..-- .......---------------- ....----- ....-+--- .......---- ...------, ....
I
I
I+~--+--~-----~-----------------~------------,--~--+---~-------------+I
I
I
I
I+~__+---_--~--~ ---_~-~__w------ + +

I
I
I

I c.]
I I
I I

I 0·1
I I
I I
I I
I I
I#E·I
I I
I I

Reaction (i) io facter because chlorine
is Ii'. stronge}':oxidant than bromirlO. 20,4

Re~otion (ii) io faoter because the
ocmcentratiQn of 1"0:<:+ io twice tho
~oncentrQtion of Ni. s,C!
The faoter of the two reaotions
oannot be predicted. 32,3+---+-----~----------~~-~--------.------------~-~+----------"------+

Pj.fwunoion
Ohm) agl.\inonly 32% rojoct(ld tho link botweon :rate and (':011omf.
(.eo quoption 3).
Xt wan once again notod that approximately 29% of the otudento chone
opti,:m (A), ind.icnting that £1 larger EO valuQ itnplion a faotor
roaot.ion.
AbclUt 20% of tho ot:udonto eheoc option (C) and , in doing 00,

indicated that the otrongor the oxidioing ag~nt tho g~oater tho rato
of the :reaction.
25% of tho toaohern nloo th~ught that a larger EO voluo would rooult
in a groator ~ato of reaction, 00 wnn roflo~tod by thoi~ reoponoD .n

'.
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Objecdve:
Question 4

Are EO values taken as an indicator of the rate of the
reaction?

The oell potentials of b¢th reaotions given in this question are
positive, indicating that ch~rnical energy can be convertecl to
electrioal '~nergy spontaneously.
The cell potentials are not indicative of the rate at \ofhiohthe
reaotiono take place. Even though the standard cell potential of
l~i(I'l)/Ni2+(aq)//C12(g)/Cl-(ac.t)io much higher than that of
Fo2+(aQ)IFe3+(aq)//Br2(g)/Br-(aq), it oannot be concluded that the
firot reaction io fnGt~r. While the cell potential enables one to
predict whether a reaction can occur spontaneously, it doeo not
nllow one to infer that it will proceed rapidly or even at a
measurable rate.
Tho kinetics of reactions aloo cannot be extraoted from the
stoichiometric equations.
Question 4

Standard cell potentials for the following roactions ara
givon below.
(i)

(.i:I. )

Ni
2Fe2+

~rom theoe datu it can be concluded that:
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Approximately 70% linked EO val.ues to the rates of reaction by
collectively choosing options (A+B+C+E).
consequently they deduce frOlnthis that a catalyot would affect the
EO value o1nce a catalyst attecto the rate of a reaction.
The poor success with this question suggests that many students are
unclear as to the meaning of EO. ogude14 has found much evidence
for this amongst standard 10 and university students. Students
perceived that both an ammeter and a voltmeter gave the same
information. Thus a voltmeter reading wao tfikon ao giving
inf.ormation about tho rato at which a r~action occuro.

CUl:rent and potential difference are undifferentiated by mMy
students, just as rate and equilibrium or thermodynamics are.

"
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II. Reaction 2 is exothermic.
III. Reaction 1 is slower than reaction 2
IV. ~dding a catalyst can speed up the reaction and thus change the

EO value of the respecti'v'creaction"',
V. None of the above statements is true.
Choose the correct stateroent(s)

+---+---------------+-----------------+I I options lstd. 10 students I
I I I I
I I I %/option I
+---+---------------+---~-------------+I - INo response I 0,4 I
+---+---------------+-----------------+I A·IIIt I 6,0 I+---+---------------+-~~--------------+I B. II & II 29,8 I+---+-------------~-+----~--~---------+I c·ltv I 14/0 I
+---+---------------+-----------------+I#D. IV I 29 , 8 I
+---+---------------+-----------------+I E·II 20,0 I
+---+---------------+-----------------+
Discussion.
only 30% of the students chose ~orrectly and rejected the idea that
cell emf is related to reaction rate. A similar percentage chose
option (5). These students felt that a spontaneous reaction io a
fast reaction and also that a negative EO value impli~s that it io
an exothermic reaction.

"
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objective:
Question ::;

How are standard cell potentials interpreted?

rrom the standard electrode potentials a positive EO value
corresponds to a negative ~o value for the appropriate cell
reaction.
This approach can also be used to predict the "spontaneous"
di ~ction of a reaction based on a table of EO values.
A negative EO value is not indicative of an exothermic reaction:
the lutter: is indicated by a negative ~Ho value. The EO value may
also not necessarily tell one anything about the total heat evolved,
as is indicated Py the equation -nFEo c ~Ho -T~So. Tho largor tho
change in entropy the bigger the dHference between -nFEQ and ~Hu.

A catalyst may affect the rate of a reaction, but it does
not affect the EO value. EO values tell \1S nothing about reaction
rate!!.

()uest;icm .3

The stanaard cell potentials for the following hypothetical
reactions are giVen belowl

(1 )

(2)

A + B -------> C + D
E + F -------> G + H

EO c +1.1 V

EO t.l -0.5 V
From these data the following can be concluded

I. Roaction 1 is a spontaneous reaction and thorefore a fastor
reaction

"



+-----------+------------+I options I 'l'eachers/% I+-----------+------------+
I A I 37,5 I+-----------+------------+
I B I I+-----------+------------+I # c I 50 I+-----------+------------+
I D I I+-----------+------------+
I E I I+-----------+------------+

"

aa

Where options in the previous
research were different, no

peroentages are given.
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Choose the correot statement(s)

+--+---------------------+---------------+options Istcl.10students'
1 I+--+---------------------+---------------+I -I No response I 0,4 I

+--+---------------------+---------------+, AI III I 12,3 I
+--+---------------------+---------------+I ~I I,ll, v I 34,9 I~ ._+-------------_._-----+-------_ ..._---+I#cl IV I 22,& ,
+--+---------------------+-------. -------+
1 DI v 1 22,6 I

+--+---------------------+---------------+I EI I 1 7,2 I
+--+---------------------+---------------+
Disoussion
Approximately 19% of the studen'",F.lillustrated by their responoe
(option ~+E) that an exothermio reaotion is always faster than an
endothermic reaction. Approximately 23% of the students indioated
that an excuhezmi.c reaotion is epencanecus and an endothermio
reaotion is non spontaneous.
In a previo\\o our.veyby the author10 with a similar quaDtion, 37.5%

of the teaohers thought that exothermio reaotiono are alwayo ;faoter
then endothermio reaotions. 50% of the teacher::lohose the correct
option as oompared to only 23% of the stUdents. The teachers
e~perience and further education may have been reoponoibla !or less
gUesoing, sinoo the nature of the diotractoro in the reopective
qUestionnaireo WaD similar.

I'
ThUEl teaohers may be imparting faulty information unwittingly to the
stuaents.



86

objective:
Question 2.

Are endothermic reactions, considered to be always
slower than exothermic reactions?

Generally exothermic reactions are faster than endothermic
reactions. Howev()l'it cannot be ocnc LusIve Iy said that exothermic
reactiono are faster than endcbhermf c reactions. There are
endothermic33 reac·tions that are faster than exothermic reactions.
For example, the endothermic reaction between hydrated barium
hydroxide arid ammonium chlo:r:ide33is re:latively fast in contl."aotto
the exothermic reaction between hydrogen and oxygen. ThUG by looking
at the 6.H values it cannot.be concluded aa to which J:'cactionis
fast and which reaction is slow.

Questi.on 2

The chemical equations given below represent two hypothetical
reactions.

A "' !J ~~---> c ... D ~ Ii c -x kJ (1)

.IJ" Ii '" +y kJ (2)D + E ------> F + G

If the two reactions occur at the same temperature which one of the
following statements is correctr

I. Reaction 1 occurs rapi.dly.

II. Reaction 2 occltrElslowly.
III. Reaction 1 io alwL1Ys fal.":.torthan reuction 2.
IV. Reaction 2 may be fastel."than reaction 1.
V. Reaction (1) io spontaneous and reaction (2) is non spontaneous.
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The teachers thus appeared to share the same misconception as the

students. student misconceptions could therefore have been due, in

part, to faulty teachi.ng.

+-----------+------------+I I I
I options I Teachers/% I
+-----------+------------+I A I .54,0 I
+-----------+------------+I B I 4,2 I
+-----------+------------+I c I 4,2 I
+-----------+------------+I 0 I 8,2 I
+-----------+------------+I E I 29,4 I
I I I+-----------+------------+



84

+---+-----------~-----------------~+----------------+I I I II I options IStd .10 at.uderrce I
I I I I
I I I %/option I
+---+------------------------------+------- ..--------+I - I No response I I+---+------------------------------+----------------+I A·I the rata of the reaction I I
I I I I
I I would be doubled. I 35,7 I+---+--------------------_ ..-------+----------------+I a., the rate of the reaction I I
I I I I
, I would be four times greater. I 15,3 I
+---+------------------------------+----------------+I c·1 the rate of the reaction I I
I I ! I
I I woulcl be halved. I 9,8 I
+---+------------------------------+----------------+
I D.I there would be no effect cn I I
I I I I
I I the rate of reaction. I 14,S I
+---+------------------------------+------------ ..---+I#E.I the influence on the rate I I
I I I I
I I cannot be predicted from ~he I I
I I I I
I 'balanced chemical equation I I
I I I I
I I alone. I 24,7 I
I I I+---+--- + i·

Discussion.

Approximately 25% of the students responded correctly.

collectively about 50 % of the students uned the ccufficients to

predict the out.come on the rate of the reaction. Exactly the same

question was given to teachers in a s..irvey by Bapool Bradley and

Gerrans.10 The table that f.ollows gives the percentages for each

option chosen by the teachers. It was disturbing to note that only

29.4% responded correctly by choosing option (E), \.,hilstan overall

percbnta.ge of 621 was obtained for options (A+B+C) collectively by

the teachers.
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2. Ey.l.ullplesof responses linking reactivi tr series to rate.

R: The fllSt:eJ: a metal reaots, the highet' up it \"ill be in the

reactivity oorioo table and the slot ..or it reacto the lowf't' down

it is in the reactivity sorieo table.

R: Reactivity is the ability an element haa to react with

another. It indicates whether all elemont can react fast or slote,

R: When componndo and oubotanceo are t'laced in a oerico accord ,n9

to how they rea.c:t. The faster thoy react they aro placet} nt the

top of II oorioo and the alower nt the bottom of the oerieo.

R: A rotlotiv1t:1 Gorieo ,i,o n oerioo in which olomonte nre placed

a.ceording to their rapi.dness in allowing a renction to be

carried out. The .tlJ,gteJ.' rOllCting elomonto aro nt tho top an,~ tho

slower at the bo1:tom.

RI '.rho reactivity Mdoo indicuto the relutivc lJPoed of mo..a10 ~~hon

it l:'oacto ~tith (l fJunotanco. Tho oloment at tho top io moot

roaotiv~ and it 9r~dually clec:rOOOODcoming down.

It: Thin indicateo to \\0 tho incronninll ability or po\'lm: or

decrot\oing ubili ty or powor of olomonto to roact, i. 0 .it

indioutoD to un how fan'/: it would tako an olomr>nt to reaot. o.g

Potaooium io more roo.oti"o than nit:ko1 beecuao nickel OC:CUl;'O

101'101: down in the roaati"i ty ool'ieo tnbla than l,otaooiUI1\.

Therefore if nickol unci potuanium io to re'~t with tho oamo

eQbotanco (oeparately ~f couroo) ~he roaction mixture concerning

tho potaoo:!.ul1\would produce t'eoulto fllDt:er than tho reuc:tiol1

mixture oontaining nickol.
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St·lden'l'.s rooponSt'lS to the concept of reactivity aezLoa ,

1. Examploo of rooponooo giving circular explanatiQno

Rt The reactivity oerieo indicates which oubotanceo are highly

reactive nnd thoDe which are not.

R: Indicatoo which oubceaneeo are Jlighly reaetiive and which Ilre

not highly reactiv().

It: ~hio io where the more roactive oubotanco will be at tho top and

whore the loaot roactive at tho bottom.

R: :tt;i.o tho oraoring clf clomonto Mcoraing tt:l inc::roaoing or

docroaoing reactiv.lt:y.

RI The pattern that the Dubotancofl nro placod from the onew thnt

nrc JIIost;volatile to thooe th(l1: nro tho 10£\01:volatile.

R: Roaotivity oorioo arc eithe.r motalo or tho nen motulo ( hn1090no)

that form a oorieo aec::ording to thoir rcuwt:il'it:yability.

R' Ronctivit·y ool'ioo io n oodoo of lI\Otalo IlcC)ordin~l to }u:m

IIrellctitte" they nre.

RI It.i.o how tho clcmente io liet ~d in tho pOl'iodia table. I·'rom top

to bottom ~nu loft to right

RI l.t io n Gori~o , ordoring olomonto according to inero~oing or

docl.'ouoj.ng activity.

ttl 'rhio io l\ opoeJ.fie nrl.'nngc1mont whOrl' OllbGtnnooo al:.'O t:laooifiod

according to how thoy take place in ronetiono. Tho oorioo
obl/iouoly umgoo f.rom Ollbtltnncoo of h.1.f1}J l'oaat.1.v.it:y tQ thnt of

low roaativity.
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R: The rate a.twhich substances react with eat:h other, degree of
spontaneity of reactions.

R: !:low fast a metal or chemical will react with another oubatance.
The rate al. wh.i.r.:h th~ aubstnllce will react or whether it il.>a
spontaneous reaction or not. Is a catalyot needed to begin a
reaction? Is there any forma of energy giVen off e.g. hoat,
light?

It: Thi:!lmeans how qui.ckly or vigorously a metal would relact with
another.

R: !:low:faat 0'%' alow the roacttanto will l:eact with each other and if
the roaotion will tuke place opontauoo\1oly or non opontanoouoly
with tho aid of a catalyot.

Rt I!:nohnUbotnoco han a certain .t'CHlct.i.vitywhich meano thtlt como
subotnncoo react hoter or more effectivQ than others. E:xnmple
copper io mexe reactive than zinc. A mere l'.'onctivooubowanee can

accept eloctrono J.'al1t;(JJ,',

2. ExampleD of rE'opotlOosthnt gnvc cil.·culm..t;lXplanlltiono

RI Chemioa.lo <::ontinuo\101yl::o(\Ct with one aMthOl', nemo chomir!o.lo
urI)moro ronotive thnn othoro. Tho r.1otnloof group I .:md r:t nrc
moot rG'lnc::t:ivo.

R: Tho torm monno how X'a(lctivQn oubotnnco io. All olomento in 'l

poriodio t.blo have different roactivitioo.
RI How roactive a Dubotnnco io incroaooo from loft to right.
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3. Appr~ximatoly 50% of the otudento indicated an implied

relationohip between 11 reactivity oedeo and tho oleetrochomioal

aerieo. Approximately 4% of the 50% rooponoeo in thio olltogory

are quotod below.

Some of the roo1'onooo from the otudento pottaining to the ~ntogorioo

indicated above are given below.

Student rooponoeo have bean rofloctod uoing tho lettor "R". The

rooponoeD aro reflected DO thoy appear on tho originnl

rato and oquilibr tum qlH:lotionnnit·o. DioCluooiono of the raoponoao

will follow lator,

students rosponoClu to the concopt tlf reaotivity

1. ExamploD of rooponooo linking renctivit .. with rate of rCHletiem.

RI Wht:m two or mOl'Ooubotllnooo oombine, thoy form n mixturo 0);' n

compound boecuu 0 olootrontJ nave boon trnnrJ:forrod from eno

aubotnneo to anothor i.o. a roaction haD oeau~rod. noaativity io

probably a mcanueo of tho rate ut which rouctiono OCC\U'.

RI Tho r,1to ut; \lhj,eh l1lotnlo roact. How taut; or how olow they fOl:m

or cliointogrnto.

R I ~o(\ct.d,vi ty io n mcaourc of llCJW rondUy Il O\lllotUnoO combine with

onother i el }Jow fllfJt 0 oubmtun~o ,;ooeto.

R.I Tho rm;.:'I ot which Il compounct or 011 olomont wl~uld ronet. How faot

or how olow \:h;l.o would be dono. JI. Mtalyot would ;I,neronoo tho

rooet!.vity.

RI It pr,)bubly l~oforo to tho nbili ty of ehomienlo to rO(\I:t quickly

or slowly, opcmtnnoo\lOly or non opont(lMouoly.
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~he responseo for the open ended queotions can be reopeotively
assigned to three diotinot categories.
Those co.tegor.ies 0.;(' gi'\Yonbalow. The t'ooponoeo of 235 standard 10

studonts to both these questiono were nnnlyoed.

ROlJct:i vi toy

1. About 50% of the otudonto linked thoir daocr1ptiono of reactivity
to rate. Approximately 11% of tho 50% responseo in thio
category nrc quoted below.

2. :tntolligihle but "01ro\\lo.l.'"explanationo of the conoopt of
roo.etivity wore given by apPl.'cmima'te1y 10% of the otudento,
indicating 0. luok of explanatory powor.
Approximntoly 1.2% of tho 10'1, reoponseo in thio cntogory nra
quoted below.

3. Appt'oximntoly 40% of tho reoponaeo wort) unirltol1igiblo. ThODe

have not boon quo~:.od,

React:i. vi. t:y Stu:J.CfJ

1. Approximatoly 10% of tho otudonto guve n oircular explnnation
of tho concept Qf l\ ronetivity DoriOD. Tho term roac:tivity wno
uood to Qxpluin tho ooncopt ronctivity aorioD. Approximnto1y 40%

of tho 10% rool"t'noeo in thio cn1,:ogory arll 'luotoclbolow.

2. lIpproximutoly 4()% of tho otuclon'l!oboliovmd that 0. t'onotivity
oorieo Wno eaoontinlly n r.ute oorioo. AVproximntely 7% of tho
Qf tho 40% rooponooo in thio catogory n~o 'luotod below.
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equilibrium system. Teachers did only slightly better with 37,5%

choosing this option.

Once again there is evidence that teachers arCJ X'esponoible for
transmitting erroneous knowledge.

+--~-~~-----+--~--~-----~+
Ioptions I Teacher/%

I
+~-~--------+------------+I B I so I

+-----------+-----------~+I A o

it c 37,S
+-----------+------------+o o

E 12,5

+----_ ..-----+------------+
Also, once again, there oeemo to be n tendency for teachers choict'1O
to be Lena soattered. I£his may be a sign that further education has
reSUlted in leas guessing perhapo but no great improvemcmt in
understanding. However this statement may be invalid as tho numbor
of teaohers is small.

Open ended qUClotj,onon the following conoepts
stnnclul:'d10 ",tudonts were tested on thej.r undol.otancling of tho termo
l:'enct.!vityand reactivity sorien by meano of: tho following
open-endod qu~stiono.

s. Explain in about fivo linoD ~lnt you undorstand by tho fullowing
torm( 0).

8.1 Reuotivity
0.2 ReuQtivity oorioo.
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inoreasing the temperature of the system:

+---+--------------------------------------+-----------------+I I options I std. 10 student.sI
I 1 I I
1 1 I '/option I

+---+--------------------------------------+-----------------+I - I No response I I
+---+--------------------------------------+-----------------+I A.I Inoreases the rate of the forward I I
I I I I
I I reaction only. I 17,9 I
+---+--------------------------------------+--------------_ ..-+1 B,I Increases the rate of the reverse I I
I I I I
I I reaction only. I 30,2 I
+---+--------------------------------------+-----------------+1#0.1 Increases the rate of both the I I
I I I I
I I forward and reVerse reactions. I 33,6 I+---+--~------~------~---------------------+-----------------+I D·I Deoreases the rate of the reverse I
I I 1I I reaction since the reverSe reaction I
I I I
I I.i.s endot.hermi.c , I J.1,5

+---+--------------------------------------+-----------------+1 E., Has no effect on the rates of I I
I I I I
I I oither the forward or the revers~ I 1
I I I
1 I reaction. I 6, \)

Diccuooion
About 301 of the studento ChODe option (B), probably because if the
temperutur" of an exothermic react jon is increased the reverse
encioth41.t'mieproceOD .is favoured.
Approxilno.tely 50% of tho teachers chose the Dame opt.ion(B) for
exnctly tho '-lamequeot:l.onin the previoLts reoea ....l-t conducted by the
8uthc)J;,14•
Ap~'lroxil1\utoly34% of tho otudcnto ehcao the correct option,
indio at ·.n9that 'ehey do not have a compartmontul view f, ,.'~,
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Question 7
Objf>ctive: Are students aware that increasing' the temperature of a

reaction at equilibrium, increases the rate of both the
endothermic and exothermic prooesses?

Inoreasing the temperature of a reaction systeln always inoreaoes the
rate of the reaotion, irrespective of whet;hor the reaction is

increase the rate of both the forward aod reVerse reactions; it doos
not solely increase, either the forward or reverse rates.

The reverse reaction in this question will be ;nora aO/witi.ve to
temperature ohangeo than the forward reaotion. BecaUse: the forward
reaction is oxothermic::,the activation energy of the reveroo
reaotion will be greater t.han that of the forward reaotion. Henco
the rat.e oonstant for the for\;Ttu'ureaction will not be affected to
the same extent aD the reverse rellct.ion.Consequently Rcq '''hichiL"
related to the rate oonstanta an given below, wij 1 be deot'ouoad as
temperature is increased.

Kr 0 rate conotunt for th~ reverne reaction.
I.f 0 l.'ateoonstnnt for the forwar.d renotion.
Reqo equilibrium constant.

Hence the proportion of reactants at equilibrium will be lncl'olHlOd
by tomporature incronoo.

Quest.ion 7

In the oquilibrium renction roprooentod by tho following equntion
3H2 + N2 -~ 2NH3 ~ H c -92kJ
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+---+---------------------------------------------+----------------+I D.IFluorine aooepts eleotrons faster than iodinel I
I I I II las is indioated by fluorine having a I I
I I I II Ilarger EO valul!. I 26,9 1+---+---------------------------------------------+----------------+I#E.INone ~f the above otatemento is oorrect. 18,3 I

Disoussion.
Approximately 29% of the students indioated that the larger the EO

of the half oell roaotion the faster the reactant would aocept
el.ectrons. Thio wao shown by ohoooing opti.on (D). Another 12% chose
option (S) which aloo rel~weo reaction rates to EO values.
Collectively 41% chose option (D+5) thus linking rate to EO.

About 27% of the students eheae opti.on (A) and thUD decided that
fluorine io the strongest l'.educin~1agent. 'rhesostudents may have
applied the oign convention incorrectly, or been oonfused between
oxidation and reduction and the tUrection of electron transfer.
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Question 6
objective: How are standard reductiC''''potentials interpreted?

The EO values of the respective couples can be used 'topredict the
spontaneous di.rection of the reactions.
standard reduction potentials indicate in relative terms the
favourable dil:ection of the half cell reaction, and they give no
information aG to the rate of the half reaction.
By convention the greater the standard reduction potential, ':;be
stronger the X'eactant is as an oxidising agent.

Question 6

The ' renderd x'edUction potentials for the following half reactions
are given belc!W.

F2(g) + ;!e- -------> 2F-(aq) EO '" +2.B7 V

C12(g) + 2e" ----_ .. _> 2Cl-(aq) EO '" +1.36 V

Br:dl) + 2e- ---- ......_> 2Br-(aq) EO t:I +1.06 v

I2 (f3) + '1ll- -------> 21-(aq) Ee) c +0.:.4 V

~~he following information can be inferred from the data given.

+---+---------------------------------------------+--- .._-----------+optiono IStd. 10 students I
I I
I ~ /option I~._~_+_-_----_~----------. ~~ ~ +M- ~ .•_+

I .. INo response 1,7 I
+---+ .........._,-.....,.........._----- ........-----_ .._--------_ ...._-------+ ...------------- ...._+
I A.[Fluorine is the etrQngeot reducing agent. 26,. I
+-~-+---"-----~-------------~~--------------------+----------------+I J3.1 Flu(.)rinew:l.llreact taster than iodine
I I
I Iwhen ceacting with sodium. n .s~·_-_+-_--~-~_- w ~ +~ ~_- ~_+

I C.llociine 10 the otrongest oxidizing agent. l2,6+-~-+--------~---"~---~-------~---------------~+~I- ~ +
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Discussion.

About 27% of the students indicated that a~neter Ai would have a

grea~er reading than ammeter A2 since the standard cell potential

for (1) is greater than that of (2). ~his is possibly because

students were applying ohm's law to this situation. Ai.;";:hisstage

the students would have already been introduced to the application

of Ohm's law to DC electric circuits.

options A, Band D all imply a link between reaction rate and cell

emf. The 73% ,...ho chose these options probably include the same

individuals as those 68% (Q4) and 70% (Q:3) found previously.
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The respective sta.ndard oell potentials are given below.

@-,.--t
salt brJ.dge,i.!

Cu2+(aq) zn2+(aq) I

(1 ) (2 )

(1) Cu2+(aq) + zn(s) -------> Zn2+(aq) + Cu(s)
(2) Cu2+(aq) + Pb(s) -------> Pb2+(aq) + Cu(s)

From these data it can be concluded that:

+--+--------------------------------------------+------------------+I I I std. 10 students I
I I I 1
I 1 options 1 ~/options 1
1 1 1 I
+--+--------------------------------------------+------------------+
1 -I No rea ponae 1 1
+--+------------------------------------ -------+------------------+
I AI Zn will go faster into solution th~n pb. 1 35,3 1+__+ w + - ~ +
1 BI Ph will go faster into solution than zn. 1 10,6 1

+--+-------------------------~------------------+------------------+
1 #c I The a::mneterindicat~ng the larger current
1 1
I I cannot be predioted. S,S
+--+--------------------------------------------+------------------+I DI Greater cell voltage implies greater
I I
I I cell current. I 27,2 1
+--+---------- ---.--~-------------------------+------------------+I 81 None of the above statements is correot. I 21,3 I
I I 1 1

+--+--------------------------------------------+------------------+

"
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reaction and a renr'tion c""lciinate diagram are presented in the

standard 10 syllabus, both of thene are implicitly linked to a

one-step mechanism. This sort of mechan.om io logically connected

to the balanced otochiometric equation for the reaction. Hence,

the misconception that the rate law is pt'edictablo from tho

balanced chemical equat.ion, is fostered by the kind of microscopic -

level oxplanations that are offered by student textbolko.

L1H of reaction valiles were aloc inveO'Led with kinetic significance

by both the tea~hers and the standard 10 students (BapoD et al)lO,

This is also not unreasonable althcugh incorrect. The uoe of

reaction coordinate diagrams ohowing activation energy and L1H,

could have helped ameliorate this misconception. This io dono in

oome student tel~tbooks,

spontaneous reaction

From the thl:'oe components of tho inveotigation, the following

mioconceptiono were found to be prevalent amongst the otudents.

l , Interviews of stllndard 8 students.

al A Dpontaneous reaction io B reaction that takep place without

any delay.

bl A spontaneouo l:'BBction io a reaction that takeo plaoe

without heating.

2. Responses to t11e reaotivity questionnai.J:e by etiandard 8 " 111

rtiudentrs ,

a) A spontaneous reaction io a reaction that takas placo

Wit:10I..I:.any delay. (6)58'l" (10)54%
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J • .Responses to the race and equilibrium qttestio/lllaire by seandar()

lO students and tseaahero ,

0) '1'h('oHaeto of ehongo (If r(laetant eoncontl'ation on tho rata
of tho roaction are inferred from a balanced chomical
0;uotion.(10)60%, (T)62%

b) A pooitivo ~H of rouetion implieo n OlOWOl' rouetion them

one with 0. negative ~H.(10)23%, (Tj21,S%

'1'hootllndard 8 otudonto that were intal:viewml in(licatoclthat
inerouoing tho ameuneo of tho rcaet:anto would dOa)'ClUOOtho l'Oto
of thQ ronction beeaune a lengol' timo would be neodad fot'tho
1.·oaotionto roach completion.
The expe~imento on reaotiono of rnotnlo in oxygon could porhapo be
tulton DO evidence for oueh an orroneouo view. A 1nrgo);'piece c£
lnotn1 in oxygOtl would take 0 longer time fo).'cClmpletion of tho
reaction.
By the time tho ~tandard a otudcnto ara taught the ooetion an
"l:Guctiono of motalo" they have all,'endycompleted the ooctioo 01'\

opeed in phyoico. In thlu ccnt~xt aloo the abocrvDtion that the
greotor tho diotaneo ~ho greator tho timo can load ntudonto to infer
orroneouoly that tho opood io 1000.

About 60' of tho otandard 10 otudonto and 62' of tho toachoro
predicted ooma Dart of a rate law from tho balanced oqu(.\tion.Tho
implication io that neither tho otanciBrd 10 otudonto, nor thoir
teuchoro have graopod tho baoia miarooccpic-lovol concept of
roaotion mochun!om. Although n miaroocopia oollioion modol of
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Perhnpn the above quote is but one of the poooiblfJ aoureea of the
nbove lnisooncoption.
The proocoo of hoating wao nloo thought to bo Dkin to cutalysing
probab1l' beoauso both heating and catulyoing increaoe the rate of u

reaction.
Tho standard 8 atudonto miounderotanding of the funotioning of u
cntalyot lnay be undorotandable oinoe it receiveo little attention at
that lovol.. However the o't:nlldnrd10 otudento should have had a

bettor underotnndillg since they are formally t(lu~',eabout catalyoio

with ac::tivntionenergy dingrumo at thio lovel. :tn faot th;l,owan not
evident. 'l'hioexemplifieo perhaps the persistenco of miooonceptiono
established proviouoly.

Rnte of reaotion
Fl.'omthe throe components of the inveetigntion, tho following
mioconeoptione woro found to bo prevalent to vnryj,ng dogrooe.

I , Int:crl,.iorl'[I ot' at.Mdal:d 8 atuident:a ,

ol Ineranoing th~ amount of the renotanto would clecroaoo tho
rllto of tho roaction beeauce a longer tim£'would 1,0 needed
for tho roaction to roach completion.

b) No roferenco made to timo.

2. Responses to t:be reactivity CJuest1.'mnai~'e by standard 8 It lO

stiudont:o,

No diroct quention wan aoked.(OBu reactivity oorioo).
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,t. :tncQrvlaws of standard 8 students.

£I) A catalyst inor~aoco tho rate of the reaction without taking
part in tho rO"lction.

b) "Heating" io regarded no a oatalytic prooeoD.

2. Responses co the rallr.t1.vi.ty questionna.iz'e by standard 8 ~ 10

students.

£I) A catalYDt inorenoeo the rate of the rear.tion without taking
part in the reaction. (8)79%, (10)76%.

b) "Hoating" io regarded ac a catnlyti,c proceoo.(S)l4%, (10)13%

0) A oatnlyot i.nitiates (italico in queoti~nnaire) B reaction.
(9)12%, (10)14%

J. Responses to the rate llnd eqLlilibrium questionnaire by standard

JO students.

No ~ueotion directly related to thio concopt.
A ln~go percentage of otnndnrd 6 otudento believed that n catalyot
incroaoeo the rate of a r.eaction without t:L~king part: In the

reaotion. Thio mioconception was still equally prevalent amongst the
standard 10 otudento.
The follQwin~ quote pertaining to the concept of a cntalyot
appeared in (35(8)], a ctandnrd 0 textbook that hao been extensively
uaed in moot cchools. 'rhotextbook indicateo that "oxygen can be
lJr6t,Jarodon a lou'go scale in the laboratory by making uae of t.htl
apparatuo shown in figure 9.1 •...•.Tha small amount of manganese
dioxide added to the potasoium chlorate, cnly speeds up the reaction
(we call it a cntnlyot) I hut: does not: p,1rt:ic:i.p<1t.e ill tile

reaotiion" (my italico). A similar view ;1.0 expreosed in (36 (a) J Il

standard 10 textbool: that was uced extfmE<ively by the students.



115

tablo continued.

lc
+ ~_+ ~ +w ~ ~ + .. +

Q2(p 86)
Q3(p 99)
04 (p \J2)

05(p 95)
06(p 98)

I
I
I
I
I+ ~+ ~ ~+-~-----~------------~..+------_w w~ +
II 2a Q4(1:'92)I+-----+----- + ·- 4· ~ ~ ~_"+

I I
+-----+------------~---+-----~----------------+--------------------+I 2c I I Q5 (1' 95) I
+-~---+----------------+----------------------+--------------------+I 3a I I 01 (p (2) I I+-----+----------------+-----"----------~-- ..--+-.------------------+I 3b Ql(1? (2) I I+~----+-------------~--+---~--"-~----~---"----+~..------------------+

II+-----+---- -----------+----------~------~----+--------------------+
I
I
I+ +_. ~ + ~ ~_~__~ +-~~~---M_~~ M~+

I 30 IX(p45 line 3) I Ql(p (2) I
+-----+----------------+----------------------+--------------------+I 4a II(p!? 26-41) I 02(p 65) I OEQ(p 102) I
I I I OS (p 72) I I
I I I Q6(J:l 75) I I
I I I Q7(p 77), I+ +_~_~ ~ + w_~ __ ~ ~ __ ~ ~_+

I
I
I

I 2b II(p32 line 5 up)1 Q6(p 98)

I 30 Ql()? (2)

I 3d
I
I

II(p42 line 15)
I
11:(1:'45 line 3)

I 4b
I
I

II()?P 41-43)
I
I

Q3(!? 67)
Q4(p (9)
Q7(p 77)

Q2(p 86)
Q3(!? 89)

I 40 OEQ(!? 102) I
+-----+----------------+--"-------------------+---~---"------------+I 4d 08(80) I

I (\0

I
OEQ{p 10~)+-----~.---~------------+----------------------+------~-------------+II(Pl' :l6-41)

I+_~ +--.---~--- +-_----------- +------ N +

OEQ denotes open ended qu~stion.

catalysis

From the three components of the inveoti9ation tho following
misoonceptions were found to be prevalent amongst the students
involved.
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CHAPTER 6: SUMMARY OF CONCEPTUAL DIFFICULTIES AND DISCUSSION OF
THEIR ORIGIN

This chapt~r links the original specifi~ resea~ch questions (Res. Q)
on pages 20 to 22, to the outcomes from tho interviews and
questionnaires. The table below aims to facilitate the linkage.
This eha.pt.eralso lists misoonceptions, identified in relation to
catalysis, rate of reaction, spontaneous reaction, endothermic and
exothermic react:~ons and activation energy, electrochemical cells,
reactivity and reactivity series. This is followed by a discussion
of the possible origin of the misconcoptions.
Evidence is presen1.~clfrom the following three compononts of this
phase of the research:
1. interviews of standard a students;
2. responses to reactivity guestionnaire by standard B & 10

students;
3. responses to rate and equilibrium questionnaire by st:andard 10

studl';int.s.
Fo~ (3) tho prevalence of misconceptions found amongst teachers in
tho earlier studyS is also doscribed.

'l'able --Res.Q Interview Std.8 Quest. Std.l0 Quest.-
la - - Q2(p 86)

lb - - Q7(p 100)
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Table 3 (continued)
+-----------+-----------+---------+-------------------------_ .•_----+
I 6D I 29% I I Greater standard reduction I
I I I I I
I I I I potontial of half cell I
I I I I I
I I I I implies ~xidant accepts I
I I I I I
I I I I eleutrons faster. I
+-----------+-----------+~--------+----------------------_ •._-------+
I I I I
I 7(A+B+D) 60% I 50% I A temperature increase on a I
I I I I

I I system at equilibrium I
I I I
I I affe~~r, the rata 01 either ,
I I I
, I the forward or reverse I
I I I
I I reaction only. I
I I I

overall, despito the additional learning opportunities and their
graater maturity, tho standard 10 students answered very similarly
to standard e students. Also there are several points of similarity
in the misconceptions of standard 10 students and the teachers.

'.
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'l'able3
+~----------+-----------+---------+--------------------------------+
IQuestion stu. 101 Teacher I Misconceptions I
+-----------+-----------+---------+--------------------------------+
I I I I I
I 1 (A+!HC) I 60% I 62% I Concentration effect on I
I ! I I II I I I rate of reaction inferred I
I I I I !I I I I from balanced chemical I
I I I I I
I I I I equation. I
+-----------+-----------+---------+--------------------------------+
I ' I
I 2(A+E) i 19 I 5% 37,5 % Exothermic reactioras are i
I I I
I I always faster than I
I I I
I I enoothermic renctiono. I
I I I+-----------+----------~+---------.r-------"---------- M ~ +
I 28 35% 37,S A spontaneous reaction I
I cannot be a olow reaction. I
I I
+-----------+--- .•_------+---------+--------------------------------+
I 20 I 23% i 37, S% I -L1H implies l:eaction I
I I I I I
I I I I spontaneous 1 ~H implies I
I I I I I
I I I I reaction non spontaneous. I
+-----------+-----~.-----+---------+-----~~-------------------------+
I I I II 3 (A+B+C+E) I 70% I I Linked r;Q val.ueoto t'(\ /0. I
+-----------+---------~-+---------+--------------------------------+
I I I I I
I 4 (A+B+C+D) I 68% I 50% I Linked EO values to rate. I
+-----------+-----------+--------+--------------------------------+
I 4A 28% 25% Greater EO value implieD I
I I
I greater rate of I
I I
I reaction. I+------~----+---~--~----+---------+~-----~--"---~---~~-----"-------+I 4C 20% 9% The stronger the oxidant I
I I
I in a reaction the faster I
I I
I the reaction. I
+-----------+-----------+---------+--------------------------------+
I 5(A+B+O+) I 73% Link EO valueo to rate I
I I I
I I I of reaction, I
+-----------+-----------+---------+---------------------------- ..---+
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who choee responses invoking a connection of reaotivity with

relative rates of reaction.

Table 2
This suggests that+------------------+-------------+-----------+I Question I std. B I std.10 I as much as 90% may+------------------+-------------+-----------+I 2(A+O) I 23% I 24% I believe in this link.+------------------+-------------+-----------+I 5(A+B+C+O) I 90% I 87% I Where other options+------------------+-------------+-----------+I G(A+B+C+E) I 74% I 82% I are particularly

+-~----------------+-------------+-----------+
I 7(A+B) I 59% I 56% I attractive, the %+------------------+-------------+-----------+I 8(B+C) I 28% I 44% I studer.ts choosing
I I I I+------------------+-------------+-----------+ this link is reduced.

;. cCJmpa.t:isonof Stendard 10 students wi th tieeohexe

Table 3 shows the comparison in respect of the concepts, rate of

reaction, ~)tothermic/endothermic reaction, electrochemical cell

and enthalpy. Misconceptions of standard 10 students suggested by

responses to the rate and equilibrium questionnaire alongside

those of teacher misoonce~tions deduoed from responses to

identical or similar questions in an earlier study are given.

Some of the concepts in the rate and equilibrium questionnaire were

not tested amongst the teachers and therefore no percentages have

been given in the relevant column. However wherever queoti.ol'lswer€:

similar, or the Same, a comparison has been made.
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comparison ot standard 8 with standard 10 students tor the

reaotivity questionnaire.

Tables 1 shows this comparison in respect of the concepts, catalyst,

spuntaneous reaction and activation energy. Responses are dra....'n from

questions 1,3,4 and 8.

Table 1

+----------+---------+---------+-----------------------------------+'Question ,std. ~ I std.10 'Implied misconception ,
,option I I I I+----------+---------+-_ ..------+-----------------------------------+
i I I I I
I lA ,79%, 76% I A catalyst speeds up a reaction, I
I , , , I
I I I I without participating in the I
, , , , I
, , , , reaction. I
+----------+---------+---------+-----------------------------------+, 3C ,58%, 54% 'A spontaneous reaction takes place,, , , , ,
, , , , without delay. ,
+----------+---------+--_.-----+-----------------------------------+
, 30 ,20%, j i% 'A spontaneous reaction occurs [
, , I , I
, , , , without heating. I
+-_ .._------+---------+---------+-----------------------------------+I 4(B+D+E) ,48% , 48% 'Activation energy confused with ,, , , , ,
, , , , endothermici ty. I
+----------+---------+---------+-----------------------------------+, 4E ,14%, 13% ,Heatir.g is catalysinu. I
+----------+---------+---------+-----------------------------------+, 4C ,13%, 12% 'A spontaneous reaction is rapid. I
+------._---+---------+--.,- .._---+-----------------------------------+, 8D ,44%, 38% I order of elements in the ,, , , , ,
I I I I reactivity series is invariGnt. I
+----------+---------+---------+----------------_.,-----------------+
Table 2 shows responses for questions 2,5,6,7 and 6. These questions

were based on the reactivity series and each had more than one

distr<lctor related to rate. The percentages indicate those students

'.
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2. Students showed poor understanding of the concept of reactivity

and reactivity series. circular explanations were given i.e the

word reactive was used to explain the term reactivity.

3. students took. the reactivity series and the electrochflmical

series as being synonymous. This became evident when terms like

oxidising agent and electrode potentials were used to eAplain the

concept of a reactivity series.

Summary of misconceptions

To summarise the analysis the following tables provide:

1. comparison of possible misconceptions of standard 8 students with

standard 10 students as suggested by responses to the standard 8

reactivity questionnaire. (Tables 1 and 2)

2. Comparison of possible misconceptions of standard 10 students

with teachers as suggested by responses to the s~me

multple~choice questions in the rate and equilibrium

questionnaire and in an earlier scudy , (Table ~)

In studying the comp£lrisons the following should be borne in mind.

All questions in the reactivity questionn~lre were answerable by

standard 8 students in terms of the standard 8 syllabus. The concept

of a catalyst is not in the standard 8 syllabus; however some simple

teaching of this phenomenon is a common practice, ,1I' n dealing with

the preparation of oxygen frcm potassiUm chlorate (using manganese

dioxide as a catalyst).

Standard 10 students could answer these standard 8 questions in

terms of their memor.y of standard 8 work supplemented, of course, by

their learning about aspects of rate of reaction, chemical

equilibrium and electrochemical cells in standard 10.
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3. Examples of responses linking reactivity series to

elentrochemical series.

R: The standard electrode potential of an electrode as reductant

and oHidant in a specific series.

R: The series indicates the magnitude of how reactive a substance.

The elements are arranged from negative SO values to value of

£O(positive). Reactivity can also be determined from the

periodic table-increases down a group and c(')creasesfr.om left to

right in a period.

R: Refers to standard electrode potentials decreasing fl.'omhighest

reducing agents to lowest reducing agents.

R: It basically distinguishes chemicals from each other. according

to its potential.

R: From the reactivity series one can cone Lude which reaction would

be spontaneous C\lldwhich reaction would be non spontaneous. one

can also concl.ude which one of the chemicals would be the

stronger oxidising ag~nt anu which one is the stronger reduaing

agent.

In view of these responses to the open-ended questions th~ following

general observations can be made.

1. Thermodynamic or equilibrium considerations Were c~early lacking

in their explanations of the term reactivity. ~~ords like rate,

speed, fast, slow, quickly and readily were extiensLveLy used in

the students explanatir , of the concept of reactivity. The

majority seemed to be looking at the term only from a kinetic

viewpoint.
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may unwittingly be teachinq that the el~ctrochemical series gives

kinetic information. Teachers and students are largely textbook

oriented and the ambiguities of the standard 8 textbooks do nothing

to counter this erroneous concept.

The following analogy appears in the standard 8 student ~extbook

[35(g)) "In your class there is a pretty girl called Karen, who is

going steady with John. The other boys are very jealous. As Thomas

can no longer hide his affection an open confrontation occurs.

Thomas is much stronger than John and by the following day everybody

lmows that Karen belongs to Thomas. The weaker ('lne hes been

displaced lly the stronger."

This typr uf anthropomorphio th~nking distraots ~he attention from

the task c; disoovering a soientific explanation, by substituting an

apparent but pseudo-explanation. Furthermore, like most analogies I

the above example is liable to misinterpretation. Johnstone2

indicates that sometimes analogies ot'eate more problems than they

solve. similarly Duit38 and Dupin39 stated that analogy may give

birth to as many monste:r:s as healthy babies. Learni.ng fundamentally

has to do with construoting similarities between the new and the

alre~dy known. It is precisely this aspect that emphasizes the

oignifioanoe of analogies in a conotructivist learning approach.

'.
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oxides and the reaotivity of metals [35(d)]. This link io but one
example of the very many that are implied throughout the two texts.
Student a could therefore be aSduming that the pooitiono of the
elements in a reactivity sorieo are invariant, irrespoctive of the
na tur'e l')f the reactants.

In [36(f)1 it is stated that" ••.. we can arrange the metalo in
sequence from the most reactiVe (potaosium) to the J.eaotreaotive
(mercury). such a serieo is known ap an act.i.vityseries· (elnboldeMd
in text). Whether the term~ activity and reactivity should be taken
to mean one and the same thing io unolear.
standard 8 students during interviews impl.i.edthere is a
relationship between a reaotivity serieo and an electrochemical
series, even though the electrochemioa1 sed.es is not in the
standard 8 syllabus.

The standard 10 students had been taught dbout the e1ectrochemioal
seriee in the context of the topic e1eotrochemical cello. It io
therefore less surprising that thoy shOUld mistakenly link this
serieo with the reactivity series already-established in otandard e.
Attention is drawn to this tacit linkage to emphasize that the
kinetic interpretation of tho reactivity sories by the standard e
and 10 students, could lead to the kinetic interpletation of the
electrochemical series.

Perhaps one sOUroe of the above link is teaohurs. Many otandard a

teachers WBl;'e0);' had boen tonchin'3 standard 10 otudonts at ooma
otago. Thay are thus familiar with the e1eotrochemical oorieo and
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is still no indication of whether the speed or energetics io under
consideration. What factors should be kept ccnstant if the
reactivity of the l1,etalsis considered, either in terms of the
~PAAd or the overall energetico of the reaction?

In [36(d)] it is quoted that "if we assume that the metal which
reaoto with oXY9cn holds onto oxygen otrongJ.y and one which is less
VigOX'OltOgiveo off oxygen more caDily our pattel.'nappeur a no
followo." Sodium is given above magnesium without any explanation.

Xn [36(o,h)] it is indicated that it muot be rememl1ered that ocher

factoro are not mentioned, and the chanoe to dioclooo aome of the
assumptions behind tho interpretations of observationo io loot.

Unjustified nooumptiono oan taCitly lend to mioconocptiono. Whol:'o
aooumptiono nre rnado thio ohould bo clenrly indionted.

Two ourrently avnil.ablo (lCli1oo1 toxto Were exami ned for tho wny in
which they i.'-t'oatthe con.::eptuollaopocto of rc,wtivi ty and
reactivity 90rieo.
In !35(b),35(o)] otudento BrB naked to work cut an ardor of
reacti'V'ityfox tho rOGction of tnetnlo with:
(i) oxygen;
(ii) welter.
Howevo.r'no cloar criteria ,')1'0 givon :1:0,1:' arranging tho motalo il' a
retlCtivity OO1.'ioo.

There io aloo un implied link botwoon tho docnrnpooition of tho metal

"
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b) An implied relationship between a reactivity series and an
electrochemical series (giving arbitrary values to the
elements in a ~eactivity series). (10)50%

0) The elements in a reactivity series are arranged so that the
element at the top will react faster with reactants than an
element lower down. (10)401!;

According to their responses on the reactivity questionnaire,
standard 8 students usually regarded a reactivity aeries as a
rel1,otionrate aeries. standard 10 students held the same view. As

noted before, reactivity series are not reconsidered in standard
10, standard 10 otudento thuD retain their erroneously limited ideas
froln standal::da.
This is the outcome to be expected fl.·omthe ambiguO\lS Wi:l.yin which
this conoept is treated a~ a standard 8 level. No distinction is
made in student textbooks between variouo approaches that could be
used when oOl>':)(11"ingthe reactivity of metals (see Meelt24 and
Jonkino2G) .
In most textbooks there io also no mention of the very many
assumpt,ions made when ;nterp.t:etingt.he relevant. exper-Lment.e, 1<'01"

e)(ampl(J,i11referenoe to the dioplacemcnt of one metal by (lOother in
solution, in [35(£)]1
"In £Ill ouch dioplacement ll'i::m:lieothe aesumpti ion io that the met«l
higher in the reactivity oarieo will in fact dioplace one lower in
the aeries from one of it.'sDalto in aqueouo oolutiono and that by
such dioplacement the dioplacing metal is to be regarded ao more
reactive". Although this st.atement io cloar as far ao it gooo, there
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and the solubility anJ alkalinity of the products formed. There io
also an implied link.between the decomposition of metal oxides and
the reactivity of the metals [36(c)). What the term vigour means,
and what factors affect the vigour, is not indicated.

Reactivity series
From the three components of tho inv~ot~gation, the following
misunderstandingo were found to be prevalent.

1. Interviews of standard 8 students.

a) The elements in a reactivity oeries are arranged so that the
elemont at the top will react faster with reactants than un
element lower down.

bl A reactivity series tells uo how ~eBctiva a subotance is.
c) An implied relationohip between Q reactivity series and an

electrochemical serie'.

2. ,Uesponses to the reactivity quoetaennair« by 11t:,1ndal.'d8 s lO

students.

a) Reactivity series io oooontio11y a "rate ooriei". It io n
series that gives the relative rata of reaction of clomento
with the same reactant. (8)90%, (10)87%

b) The positions of the elements in a reactivity aeries £II'I,)

invariant, irrespective of the nature of the reactants.
(8)44%, (10)40%

.3. lU;JSpOhSes to the rate and equilibrium questionnaire by etianderd

J. 0 students.

(Open ended responses/
a) A "circular explanation" was given. (10) 10%
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(i) the exothermicity of the combustion in oxygen,
(ii) the relative rates of oxidation, or
(iii) some roughly qualitative judgement that, for example the

spectacular combustion of magneSium indicates the metal is
more t'eactiv6, i.e. higher in a reactivity series, than
copper.

It has been mentioned that the descriptiono of the concept
rea.ctivitJ by standard e students were largely antln:oJ;mlnorphic.
'rermo ouch as vigoul.',vjo\ence, readineoo, full of ze; md
brightness of flame were uoed to explain the concept. of reuctivi ty I

without defining what these terms mean. 'l'hefollowing quotations
from the respective textbooks illuotrate that this judgement aloo
applies to them. Selected terms of deocription have been underlined.

"From the e~perimento in thit> chapter, you will see that elemonto
which unclergo oimilar reactiono are placed underneath 0ur.:hothor in
the table in the oame group ...•••.•. coml:luotibility ,i,e. the
r:tUldi.M~~$ with which eLement.n eembd.ne with oxygen will {ottn tho
basia of your firot oeries of inveotigatiooo" (35(b)]. "'l'l'.'yto judge
the lIiolence of the reaction from the lad qhtnf>!ul of tJ.If' _t.lt1!)Jp (if

they burn)" [35(a)].

"'he rate at which hydrogon io generated indicateo the dearee of
yioleQop, of the reaction. 'l'hioollggeoto another method of comparing
roactivitioa". [36(c)).

In the other textbook [36(0)] otllciontoare naked to arrange the
metolo in accoxdance with tho IIi gout of.the rr.H~ctionwitiloxygen,
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b) Terms used to explain the concept cf reactivity were used in
an anthropomorphi.c manner.

c) Re.'1ctiol)of metals with oxygen, water and metal salto wer'e
essentially judged vioually from a kinetic viewpoint; Hardly
~ny reference waS made to overall energetics of the
reaotiono.

2. Responses to tile reaoti.vity questi ionns is:« by stianderd 8 s 10

students.

(See reactivity series)
3. Responses to the rate lind equilibrium questionnaire by atiandard

10 students.

(open ended ~uestiono)

a) Explanations of the term reactivity were "circular" (10)10%
b) 'rheterm reactivity w£\o esoentially linked to rate. No

consideration WaD given to the overall energetios. (10)40%
Standard a studento seemed to describe reaotivity either in terms of
~peea of reaotion or in a non-scientific (or even anthropomorphic)
manner. standard 10 students could do no better, poooibly bocause
there io no fUrther treatment of t.hereactivity ooncept after
otandard a. In other words, the syllabuo doeo not provide for tho
formal reconsideration of the oonaovt in tel:mo of rate, equilibrium
an~ reaction onthalpy.
'l'wo student tex.tbooko wel.·oocrutinj,oed to determine how the
concept of reactivity io introduced in standard a. It io not clear
in thase textbooks (when dealing with reactiono of metals with
oxygen) whother reactivity ( 3S(b), 35(c)J and (3G(b)] io judged bYI



124

were used when answ~ring this question. The students implicitly
assumed that the reactivity series they lea~nt about in standard 8
and the electrochemical series they learnt about in standard 10,

give the same information.
Since many students regarded the reactivity series £10 being based
on reaction rates, it is not surprising that electrochemical
qUantities like EO were linked to reaction rates(see earlier ogude
et £1114).
Attention has been drawn later, to this tacit linkage, when dealing
with the con~ept of reactivity series. Many terms, properly used in
relation to the thermodynamic aspects of reaction, like LlB, EOt and
spontaneous reaction, were interpteted in a kinetic sense by the
standard 10 students.

There is a lack of emphaSis during instruction on the distinction
between thert.\oclynamicand kinetic considerations when dealing with
the topic reactivity. This seems likely to be instrumental in
students persistently being unable to distinguish between the
kinetic and thermodynamic aopects of reactiono.

Reactivity
From the three components of the investigation, the following
misunderstandings were found to be prevalent to varying degrees.

1. Interviews :::if standard 8 students.

a) All of the reactions were judged only according to
speed (kinetics).
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Electrochemical series

From the 1hree components of the investigation, the following

misconceptions were found to be prevalent.

l. Interviews of standard 8 students.

students referred to the electrochemical series during the

interviews about reactivity and reactivity series.

2. Responses to the reactivity questionnair.e by standard 8 & 10

students.

No questions on this concept in the standard 8 questionnaire.

3. Responses to tbe rate snd equi.Zibr.ium quaet.ionna is:e 1.'1'standard

10 students and teachers.

a) More p~sitive EO values £or the cell reaction are indicative

of a faster reaction.(10)28%, (T)2S%

b) The stronger the oxidizing agent (as judged by EO for the

half react~on) the greater the rate of the reaction.

(10)20%, (T)9%

~) A greater cell voltage implies a greater cell durrent.(10)20%

d) There is an implied link between an electrochMmical saries

and a reactivity series (i.e thl'lyare synonymous with respect

to the information they give.) (10)50% ~ open ended queG~ion.

It Was evident that it is unclear as to what type of inf.ormation can

be extracted from the eleotrochemical seri. n,

About 50% of the standard 10 students referred to the

electrochemical sOl'ieo when l:espollding to the open ended question on

reactivity series. Termo like oxidising agent and cell potentials
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b) Increasing the temperature of a reaction system increases

either the rate of the forward or reverse reaction but does

not affeot the rate of bot);,.\.t,.:l endothermic and the

exothermic process. (10)60%, (T)50%

In the question that focussed on the pre-heating of sodiunt, before

it reacted with oxygen, approximately 48% of the students

misunderstood the purpose of pre-heating. It is understandable if

standard a students could not distinguish between aotivation energy

and the endothermic nature of a reaction since these ooncepts are

not formally taught at this level. The standard 10 students,

however, had alroady dealt with activation energy, potential energy

diagrams, exothermicity and endothermicit.y. Their understanding of

this experiment nevertheless had not improved at all.

standard 10 students exhiblted related misconceptions about the

connection between reaction rates and ov~rall energy change (LiB).

This may partly derive from the ambiguities of reactivity

oomparisons done in standard 8. If so, it would probably be

reinforced by their teachers, since teachers exhibited a ~imilar

provalence of misconceptions as indicat~d by Bapoa et a110• The

standard 10 syllabus appears actually to invite the persistence of

slloh misconceptions, because the 6.H concept is aotually included as

a SUb-section of rates of reaction.

Temperature effects on a reaction system at equilibrium were also

not clearly understood as was indicated earlier by Bradley et alb,7,
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The standard 10 students indicated that an endothermic reaction is

non spontaneous. This might be a different manlfestation logically

derived from the erroneous concept quoted above. A significant

percentage of teachers also indicated in an earlier study that an

endothermic reaction is non spontaneous. Also a 8low reaction was

regarded as non-spontaneous because it was not considered energetic.

Teachers seem therefore also to be a source of student

misconceptions about spontaneity, as indicated by Bapoo et al10 and

Ogude et al14.

It is evident from the above discussion that the term spontaneous

was often interpreted in a kinetic SAnse rather than in a

thermodynanlic sense.

Bndothermic and exothermic reactions and activation energy.

From the three components of the investigation, the following

misconceptions were found to be prevalent.

1. Interviews of standard 8 students.

a) Could not distinguish betl~een activation energy and

endothermicity.

2. Responses to tilie re,~ativity queetiiontud.r« by standar,; 8 « 10

stUdents.

a) could not distinguish between pre-heating for activation

energy and endothermicity. (8)48%, (10)48%

J, Responses to the rate and equilibrium qUestionnaire by standard

10 students and teaclu: J:'S •

a) Endothermic reactions cannot be fastel' than exothermic

reactions. (10)19,5%, (T)37,5%
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b) A spontaneous reaction is a reaction that takes plac~

without heating. (8)20%, (10)37%

J. Responpc~ to the rate and equilibrium questionnaire by standard

10 studerts and teachers.

a) Endothermic reacr..ionsare non epcrrtaueou s reactions. (10)23%,

(T)37,5%

b) spontaneous reactions are fast reactions; slow reactions

cannot be spontaneous reactions (10)35%, (T)37,5%

0) Exothermic reac·tions are spontaneous reactions. (10)23%,

(T)37,5%

More than half of the standard 8 students interpreted the phrase

spontane~us reaction as a reaction that takes place without delay.

This misconception was equally prevalent amongst standard 10

students. As the concept (thermodynamic) of spontaneous reaction is

not formally considered at any J.evel in the achoo l, syllabus the

existence and persistence of misconceptions is not surprising. The

overyday use of the word spontaneous is a p.robabl,esource of

misconoeption. This Was noted in chapter 5. However explicit wrong

statements also appear in sohuol textbooks. For exampl~, in a

textbook used at a standard a level [35(£)):

"The alka].i metals lithium, socl.Lumand potassium reacted very

energetically (my italics) with water •••.••.• ReMtions such as the

above, which occur when two substances are brought into contact

with each other without fiJ'st heating them are called spontaneous

reactions" •

.,
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2.2 Research methods

1.. Teachers movement: towards the ,<Joi.entific vi.er" of re.wtiv.ity.

Teacher understanding of and movement towards the scientific view of
the ooncept reactivity was facilitated throughout the course.

Teachers ware actively engaged during the course, in constructing
their own kr.oWledge during four oeooiono t.hat opanned over a period
four weeks and the I,J!e--ccurne \'1arkIII no spanning over a period of
three to four weeko.

During the pre-couroe work the course plll'ticipantshad to elicit the
from approximately 4-6 of their stllclo<;lntstheir understanding of the
concept reactivity.

Interview responoes of these students, and teachcl';oown responses
during the pre-course wor.k on experiments that were listed in the
tlUnderotal1dlngReactivity" pack, had to be brought for diocussion
during the first soooion.

The toachers' interaction with the pack, partiaularly during
o&osiono 1,2,3 & 4 woo facilitated, evaluated Bnd oupo~vioocl by tho
reDoarcher in the role ot courOD lender in an interactive manner
during theoe sesoions.

The courso leader aosioted tho teachero to move graduully towarclo
the scientific view about reactivity. This precess was facilitated
by the constructivist app~auch of the pack. The examples in the
activity oarda, wore uced to "nnchcr " and pr()vide a "briclgo", 00

that teaohers moved towards conotructing the ociontific view of
1'otlOtivity.



c) be aware that both exothermic and endothermic reactiono can be
oporltl'neouD.
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u) Qistinguioh between the different approacheo used experimentally
for meaouring reactivity;

b) differentiate between the everyday and ociontifiCi meaningo of
the termo reactivity and reactivity Derieo.

2. eloctrooh~miadl series

Oy tho end of the course teaelioro should be:

al aware that voltage measurements do not give rate information;
bl aware that thoro j.sno neceosary connection botween eoll

emf (extent of 0. reaction) and the current (rate of tho
rO(lction).

3. Catalyst

By the end of the couroe toachors should bel

a) aware that a catalyot by caking Pll1.'t: in the roactbn offeJ;.'O an

alt:ernative path of lower activation energy;

4. Spontaneous reaction

Oy tho end of the oouroe touohel;'f1ohould:

a) difforentiato between ~ho everyday and scientific moo.ningu of
the term cpcrrcaneou0 I

bl recognioo that opoo~ of a reuation io not n critBr~Qn ·or a
opontnneouo reaction;
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In view of the above the subjects selected for thin study comprised
two catego:r:.i.tll:lI

1. Teachers - Seven teachers from neven diIid.:ent schools who wore
currently teaching atAndard a students doing Phyoical
science.

2. Students - Standard e students of the schools above doing
Physical science.

In ordor to obtain the reql\ired information, it wan dooided to I

l. evaluate tlnd nnoertain 'the extent to whioh t;ouchOl:,'a have mevod

towardo the stliont:ifioviow about reaotivity;

2. test standard B ~tudentn of toatlhero who partioipnted in tho
coursol

~. teot otandard B studento that wore taught in a traditional way by
teaoher!) who did not participate in the courSOl

4. uao toot data pnlViolloly .reportod for otaodol'tl a otudonto in tho

came or oimilur ochoolo.

The opeoifir.: oontent~relatecl objactiveo that tho "lJnclet'otnnding

ROD.ctivity" pack £IttClnl?to to aehd.eve are 0.0 followtJl

.I. Reaot.iv.tt:y Ii J;'oaativ.it,)' aerieo

By the ond of the couroo toochero ohould be able tOI
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CHAPTER .~: AIMS ANP STRATEGIBS OF 'l'SB RESBARCH

2.1 Objeotive of Rencb.tuh

The traditional approach to teaching reactivity fails in drawing
student attenti.on to the iac:t that reactivity can be interpreted in
a kinetic or a thormoclynamic aenae. Moot school textb\loks deal \>Ii th
roaotivity in an ambiguous manner in this respeot.

~he different critoria used to moaoure reactivity are not explicitly
o.dd~eooor.lin moot ochool te:<tbooko. 'Ille ooncept of cpontuneous
rOl.'\C'i:ionillnot omphnoized. Unclorc':l:\ndingof theoo concepto gained
in otandard a could form a springboard for the undorstanding of the
more cJunntitative work clone in rnter; of.rellOtion and ohemical
equilibri~~ at a otandard 10 level.

Tho nimo of thio otudy were:

1. to dooign a conceptual chi'lngooouroe for individ 111 ooionce
teachoro from u nUIMer of oehoole, to develop their knowledge und
lmderotnnding of reac:t,i If,i t:y;

2. to decign an "Undcrotanding Roactivity" pack according to
tho conotructiviot format, anel ucc the puck .i.n1.\ concoptual
chango a~~roe for tho toachorsl

3. to aooertain the offectivonooa of tho ideun diocuDoed with the
teachoro participating in tho couroe to their otnndard 8
otuclento.
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the same standard 8 reactivity questionnaire as was used durin9
phase 1 of the investigation.
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1.3 Deliberat.ing about the strategy and methodology for teaching

reactivity

Teachers were also given an opportunity during the course to

verbalise the aspects they would consider for drafting an outline of

the teaching strategy, and the methodology they would use to

tral'lSfer the newly acquired ideas to their students. From their

responses the extent to which the individual teachers would apply

the new strategies in the classroom and share the newly acquired

ideas witn their students was ascertained.

1.4 Testing the extent to which the concept a dealt with in the

course material are transferred successfully to their

standard 8 stUdents by the participating teachers

Given that teachers had moved towards the scientific view of

reactivity, does not necessarily imply that the newly acquired

ideas will be successfully transferred to theil.-students.

Many factors may contribute towards unsuccessful transfer of

knowledge. one of these factors, as indicated at the outset, is that

no amount of instruct:Lon will be helpftll to students if they are not

determined to learn.

The extent to which the newly acquired ideas were tranoferred by the

teachers who completed the conceptual change course was determined

by the reoponses of the standard 8 pupils to the oame standard 8
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The new material in the pack does not detract from the concepts that

are already currently in the standard 8 syllabus but attempts to

show that thEl concepts can be link.ed in u complementary and

meaningfuL way,

The design of the "Understarlding Reactivity" pack. was inspired by

the constructivist strategy used by SummeroS2,53 and his PSTS group.

The "Understanding Reactivity" pack using a similar format attem~ts

to link the concept of reactivity at the standard 8 level with

topics which are traditionally dealt with only at the standard 10

level.

1.2 Facilitating a paradigm shift amongst participating teachers

Ioer4G indicates that the meaning of textual information is not

derived wholly frc" t'eading the text but from the interaction of the

reade1.·with the textual information.

The researcher's teaching experience has shown that new material in

itself io not sufficient. It has to be integrated in the learners

cognition by a teacher who is familiar with the subject matter.

An attempt was made to facilitate a paraclj,gm shift iltnongotthe

oourse participants by the researcher in an interactive manner

throughout the course. The researcher, as oourse leader was engagect

in this prooess from the time the course material was introduoed to

the course participants to the time When the questionnaires were

administered to their students.
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CHAPTER 1: MODUS OPERANDI FOR PHAse 2

Pha~~ 2 of this research as indicated previously, focused on

improving the understanding of reactivity concepts by standard ~

teachers.

This phase specifically involved:

1. designing an "Understanding Reactivity" pa=:k for use in a

conce~tual change course for teachers;

2. facilitating a paradigm shift amongst teachers participating

in the course;

3. deliberating about the strategy and methodology for teaching

reactivity;

4. testil1g the extent to which the concepts dealt with in the couz-se

material are transferred to their standard 8 students by the

pal.'ticipating teachers .i.nthe course.

1.1 Designing a.n "Onderstandin9 Reactivity" pack for use in a

conceptual. change course for teachers. (APPENDIX 02)

Arising from previous findings, new material for secondary school

teachers had to be designed, taking into account the difficulty with

which learners accommodate and assimilate new material. The new

material had to take into account teachers ba~eline of prior

knowledge and employ a constructiVist format to facilitate a

paradigm shift amongst standard 8 science teachers towards correct

conceptions.

Teachers views on aspects of reactivity were used to determine the

starting point for designing the "Understanding Reactivity" pack.

"
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PH1\SE 2
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It is clear in this case that the students misconceptions do not lie

with the methodology used by the teacher. The teacher merely plays a

mediat:ing role in tranami tting incorrect ideas. The te~ttbooks in

fact may be p1ayj,ng the most important role in fostering

misconceptions.

It would then follow that it is important that (i) l.)structional

materials be designed and structured accordintJ to the constructivist

£orl1'atso that meaningful learning of the correct concepts takes

place, (ii) teachers are offered in-service programmes that aim to

bring about conceptual change.

Teachers understanding of the concepto to be taught have to be

developed first as they are an important source of information

students use to construct their concepts, Thi~ is the subject of

phase 2 of the research.
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CHAPTER 7: CONCLUSIONS FROM PHASE 1

This phase of the study has explored the views of students and

teachers about several inter-related concepts: catalysis,

spontaneous reaction, exothermic reaction, activation en" qy.

reactivity. rate of reactions, equilibrium, reactivity series and

elect~ochemical ser.ies.

It is evident that these ar~ poorly differentiated and/or

erroneously understood by students, teachers and textbook authors.

Teachers havf:lbeen shown to have similar misconceptions to those of

students. HoweVer the textbonlt is an important source of information

not only for stUdents but also for teachers. We have seen that the

textboox.l:larc poor guides to the understanding of these concepts.

Therefore students are probably learning incorrect concepts from

both teachers and textbooks.

Textbook authors orgatlise their books along lines laid down by the

syllabus, The syllabus does not link the concepts of reactivity,

dealt with in standard 8, with those of rates of reaction and

chemical equilibrium, dealt with in standard 10. Furthermore the

standard 10 oyllabus does not rf:lf.•r back to the concept of

reactivity dealt with in standard 8. Textbook authors similarlY fail

to make such links.

In the light of the above it is inevitable that the standard 10

students have exactly the same misconoeptions about reactivity as

their standard 8 (~olJ.eagues. students are powerless to improve if

their nlajor souroes of instruction - the teachers and textbooks -

p~ovicle ambiguous an~ inoorreot messages.
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d) Reactivity series is invariant (Order or 'i! ... e-nts does not
ohange)
Some teaohers felt that the order of the elements in a
reactivity series is invariant irrespective of the type of
substance the elements react with.
"The order of the elements in tr•.9 reactivity series does not
change."
"I did not know how to explain why calcium is more reactive
than magnesium with water but with vxygen it is less reactive
than calcium."

The notions illustrated above by teachers are known, from reoearchO,

to be aloo charaoteristic of pupil's views about reactivity.

4.2 Teachers responses during the discusoi':lnof the activj;ty cards

'rheactivity cards which contained nnchcring and bridging examples
indicated the extent of the aWareness of the course particJpdnts of
the material under discussion. Furthermore the cards also helped
them 1;i'" accemrnedaee the new ideas and their movement, towa.r:dcthe
scientific view.

Activity cards 2 and 3 of sesoion ::corn.eLned descriptions of
sporting events and chemical reactions respectively.

Teachers responses pertaining to the outcomoo that were meaoured
during each activity wore elicited. These activity cardo aimed at
making tho participants aware of the crlteri~n used for jUdging
roactivity in oach CoOQ,
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a) Methods used to measura reactivity unclear
Teaohers wore not olear au to what the experimental baoio for
mc,u,ul-ingreactivity wao , Some quotations to ~.lluotrat(jthe
above are given:

" The brilliance of the flame and the vigour of the reaction
gives the reactivity",

" I am often confused no to how am I to measure tho dCgl'oo of
reactivity, ! uaunlly let the reaulto ouit tho domando of the
Cluthor and oyllabu<J",

b) Reactivity io considered anthropomorphically (DeOcription UDeo

human charactcriotioo)

SOItIC of tho teachoro had a human contm:od view of ~eacti vity,
"Magneoi~lm no matter how small gives a more dramatic ei!teat than
a largor piea of sodium,"

"A metal :1.0 reactive if it l!'oactowith vigour",

0) A opontll.noouoreaction J,inlcodto rntc
Many tonchoro oxpreoood tho following view91
"A opontnneouo roaotion io a foot reaotion" ,
"A apcnbnnecun rone:tion takoo place without delay"
"1\ non cpencanecuo reaotion roqll,i.reoa aatalyot"
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course participants' own personal views about reactivity warp.
considered while gaining insight into student's views about
reactivity.

Card 1 - The reaction of metals witn wate);'.
Card 2 - The reaction of metals with oxygen.
Card 3 - The reaction of me~als with aqueouo solutions of metal

salto.
Card 4 - 'l'hereaction of halogano with aqueouo oolutiono of mHtaJ.

halideo.

During each experiment similar focus questiono were aaked. Examples
of the questions urel

1. "~lhieh is the most :reactive me":al? "
2. "Which is the least reactive motal?"
3. "Give the order of the motals in terms of incroa.oing reactivity

with elements or compounds concerned." (e.g. water, motal
halides L1tC.)

4. "How did you arrive at the order in (3)?"

certain featureD of teachero notions about reactivity bacome claar
from thoir wri ttOt1 and verbal reoponseo. Tho l::eoponoeobelow
l)umma:r:il'Jethe range of vieWD expruoned by the tenohero. 'rhe viewD
are similar to thODe expreoood by pupilo, during phaoe 1 of this
inveotigationo.
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CHAPTER 4: EVALUATION OF TEACHERS UNDERSTANDING OF THE CON'.l'ENTS OF

THE "UNDERS'l'ANDI~IG REACTIVITY· PACK

For the duration of the course, the course laadnr used a tape
recorder to record the proceedings of the sessions. ~eachers had
indicated that they would not feel uncomfcrtable with this procedure
and E.greed with the course leader that the recol'dings could be
"played back" where necessary to see if teachers views had changed.

Teachers understanding of reactivity-related ~oncepts was assessed
at various stages outlined below:

1. pre-couroe work
2. activity cards
3. homework qUestionnaire
4. draft outline af the tSbching strategy
5. mst.hi!)dologyfo.I:'the implement.r.tionof design.

The draft outlinP.lof tho teachin~ strategy and the mothodr.logy to be
used for the teaohing of reactivity are discussed in the next
chapter.

-1.1 Teachers ideas about renc'l:ivityel.i.citedduring pro-oouroc
work

During the pre-oourse work teaohers' views were requeste" abCJut
reactivity in the DxporimRnto liotad on tho carda below. The
teachoro viewa had to be oompleton before interviewing pupilo about
their undorstanding of reactivity. The pro-couraa work WaD an
i~portant oomponont of the "Undorotnncling Reactivity" paok beouuso
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- Timing
- Running of the activity.

Ai.ms of the pre-course work and the sessions

The aims of the pre-cour.d9 work and each session are listed
indicating the key aspects that are going to be addressed.

ResourC'(!s to be provided by the course Leeder

The resources to be provided by the course leader for.the pre-course
work and each of the sessions are listed.

Ti.ming

The total time and the duration for the discussion of the handouts
during tho pre~course work and each of the sessions is given.

Rt1nninr:;of the activity

The actual procedure of implementation that is going to be used by

the oourse leader during the pre-course work and soooiono are
elaborated on.
Tha pack contains detailo of the nature of the content under review.
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The emphasis throughout the course is on the personal construction
of knowledge by each teacher at a level that is appropriate for that
individual.

The "Understanding Reactivity" pack has the following broad
outlines I

- outline plan of the course
- SUl11I1\aryof the course
- Activity cards.

outline plan of the course

The pack. at the outset gives an outline plan of the couroe
indicat.i.ngwh:l.chkey aspects arc going to be dealt with dll1'ingthe
pre-course work and the four sessions.

Sl.l1nmaryof the course

A sumnary of the cOUrse describ~s the handouts that are going to be
used during the pre-course work and the four soooiono that follow.
The summary also gives an indication of whether a handout will be
followed by a discussion or a group activity and discussion, etc.

Activity oard»

Tl1() nu',nberof ae- i,,~ t'.," c. ",.r·.~fJthat will be used fOL'\'l€lchseso.'lonare
lil" ad ,

F'or the pl.'a,couroe WOt'!, and each of the four sessions the following
aspects are elaborated anI

- .1\111\0 Clfthe lJro"collroowork and the MODiClns
~ Resources to be provided by tho course loader
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CHAPTER 3; OUTLINE OF THE "UNDeRSTANDING REAC'l'IVITY" PACK

(APpeNDIX 02)

The material in the pack has beon dooignod acoording to the
constructivist format to help secondary teachers develop their
knowledge and understanding of reactivity and related concepts.
It is different from other material in that it starts from ideas
about reactivity that secondary school teachers aJ.ready have and

The material is paseel on interviews conducted earlier with standard
a pupils and on queotionnaires administered to both teaahero and
pupilo on roactivity ...related ~I)ncepts.

Approximately four oeooions were used to introduce the concept of
reactivity and relntecl concepts and to emphasize the rate Md energy

viewpoints about reactivity.

The package highlights certain aspects of the scientific view elf
reactivity whioh are known from research to provide particUlar
conceptual difficUlties.

Course partioipnnts are introduced to the misoonceptions which
~hildren nnd tenche~o poooeos and become nwal:'Gof the nature of
thoir own intuitive viowD. They are preoented with the ocientitic
interpretations of these situations and perform a aeries of
praotical activities deoignocl to persuade thom of their validity.
More general accounts of the scientific view of l:eactivity are nloo
presented again in turmo of familiar everyday Dituations.
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Teacher homework: questionnaires

The "Understanding Reactivity" pack contained homework
questionnaires based on " spot the expert view" which teachers had
to r.espond to on completion of session 2 and 3. The responses to a
questionn~ire were discussed before the beginning of the subsequent
sessions. The qUestionnaires contained statements that were
soientifically correct as well as statements other than scientific.
If the statement was scientifically correct the option "YES" had to
be ringed and if the statement was scientifically incorrect the
option "NO" had to be ringed.

student questlonnalre

A thirty minute reaotivity multiple-choice type qUestionnaire upad
in the earlier investigation was used again to probe misconceptions
of students at a atandard 8 level on reactivity related concepts.
Two additional open ended questions were included to complement the
m~ltiple-choice qUestions, and to support the reliability of the
results.

The reactivity qUestionnaire was administered by tho participants to
standard e stud1Jl1ttl,dOing Physical science. The questionnaire was
administered subsequent to the cornple~~on of the teaching about
reactivity, on a date decided by the participants and researcher.
The reantivity questionnaires were delivered to the teachers that
wore taking part in the couree. ~hey were requooted to handle the
dietribution and subsequent colleotion of ,he s'Ganuard 8
questionnaires.

'.
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Details of the schools and teachers used are tabulated.

+-------+-----------+-----------+----------------------------------+ISchool I standards I p}JiJse i I P/Jase 2 I
I I I I II + ! taught I No. of I No. of students of participating I
Iteacher I I I teachers I
I I by I students +--------------+-----------------.--+I I I Inot delaying delaying
I I teachers I Ithe teaching I the teaching of
I I I [of reactivity I .reactivity
I I I I I I
~-------+-----------+-----------+--------------+-------------------+I I I I I I
I lA I std. 8&10 I I 40 I I
I I I I I I
+-------+-----------+-----------+---------~----~------- ---------+I 2*13 I std. 8&10 I 115 I I 67
I I I I I
+-------+-----------+-----------+--------------+----------~--------+I 3C I std. 8 I I lOG
I I I I+------~+-~-----~---+-----------+----"---------+~------------------+I 4*0 I std. 8 48 I 1G6
'I I I+------u+-----------+-----------+--------------+------ . +
I 5*E I std. 8&10 I 74 I 54
I I I I
+-------+-----------+-----------+--------------·r-------------------+I GF I std. 8&10 I I 44 I I
I I I I I
+-------+-----------+-----------+--------------~-------------------+I 7G I std. 8&10 I 18
I I I+_~_~~_~+~~-~_--~---+-w----~w---+~----"~-~~----+_-~-"~~_w~

I 237
I

ITotal number of
I students

138

+-------------------+-----------+--------------+-------------------+
The supe:r.'sari.pt (,,) 4fteJ." a numbe);' .indicat.es that. t.he ectiao; took

part. .in the phase 1 and phase 2 invest.i.yations. The not:llt:ion 2*8

impl.ies school no. 2 took PM:t .in the phase 1 and p}wse 2

.investigati.ons and ttMche);' E is C'u);'rent:ly t.eaohing at tile eahoal ,

~lone of' the teachers partioipating in the course took part in the

earlier investigation.

Both teachers and otudents had to oomplete questionnaires.
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2.3 Research design

DUring phase 2 Qf the investigation seven schools under the

administration of the House of De~egates (H.C.D) were seleoted.

T~rea of the seven schools indicated by an asterisk (W) had been

involved in the earlier investigation{phase 1). The teaohers from

the following schools were selected: Lenasia south Secondary,

Lenasia Seconda~YI Hima111ya Secondary, Laudium Secondary, Azadville

Secondary, Topaz Secondary and Laudium !slamic Secondary. These

schools were selected because they were fairly representative with

respect to academic standards. Teachers, schools .)lndnumber of

students used in this (phase 2) and the earlier (phaoe 1)

investigations are shown in the table that follows. Teachero that

volunteered to participate lIoed 4-6 studento during the pre-couroe

\~ork to el.icj.tthe stude·nts understanding of reactivit/. four of the

seven teachers delayed the teaching of reactivity.

Three teachers had already started the teaching of reactivity in

April. Their teaohing of reactivity was running parallel to, or

ahead of the courno that was presented and therefore it WHO

consiclered that they did not d.lay th~ teaching of reactivity.

studento were expected to be taught in a traditional. These teachers

Were allowed to participate and contribute towards the dd acuaa.i.ona

during the cOllrso.
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~ime table indicating the progression of events from implementation

of the course material to a~ministering the std.8 questionnaire.

+---------+-----------+---------+----------------------------------+'MONTH I WEEK 'DURA~rON I TASK I
, I BEGINNING , I I
+---------+-----------+- ------+----------------------------------+I I , I I
IMarch I 14/3 Ilhr 45minl Pre-course work I
I , I I I
I I 21/3 I I Pre-course work I
I I I i I
, I 28/3 I I Pre-course work I
+---------+-----------+---------+----------------------------------+IApril I 11/4 ! t hr- 45minl Session 1 I
I I I I i
I I 18/4 Ilhr 45minl Session 2 I
I I I I I
I I 25/4 Ilhr 55minl Session 3 I
+---------+-----------+---------+----------------------------------+May I 2/5 10hr 30minl Session 4 I

I I I I
I Ilhr I Session 4: Aspects to consider- I
, I I for draft outline of teaching I
, I , design. I, , , ,
, 16/5' I BUsy designing teaching strategy ,, I , ,
, 23/5' I BUsy designing teaching strategy I
, , I I
, 30/5 Ilhr SSmin, Seosion S: DiscuBsion first draftl
, I I outline of teaching strategy I
I , I I

+-------~-+-----------+-----~~--+----------------------------------+IJune 'G/G 'I Suey refining teaching strategy
, I ,
, I 13/6 '3 weeks Busy refining teaching strategy
I I , ,
, '20/15 I' 13usy refining teaching Qtrategy
I I I
, I 27/6' Session 6: Draft outline of
I I I teaching strategy finalised. I
+---------+-----------+---------+----------------------------------+IJuly '4/7' I Schlj,~lvacation ,
+---------+-----------+-+-------+----------------------------------+IAugust liB I I ! Teach:.ng design to be implemented I
, I I I ,
, 8/8 I I I Teachi'1g clesign to be implemented I
, I I I
, 15/8 ,I 3 we'eko I rN.lachi~~gd~Plo:; to be im):'lJ.ementEldI
I I I , ,
, 221B' , }'(lodbac).:of implr;nnentation I
I I I I
, 29/6 I 30 min.! Quostionnaire adminj~tered ,
+---------+-----------+-----.---+~--------------------._-----------+
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Interaotion between the course leader and the teachers continued for

the ontire duration Ot thp. course.

2. Teaching the topi.c reactivi.ty

Part of session 4, and sessions 5 and 6 were used to elicit from the

teachers verbally and in written form the teaching strategy and the

methodoll~gy they would use to transfer the newly acquired knowl.edqe

to their pupils.

.s , Imt)lementati.on of the i netiruatuional: strb teg)'

On completion of the r.oursa material and drafting of the outline and

methodology to be used for teavhing the concept reactivity, the

teacher.s had to teach the topi.c reactivity to their standard 8

students. This phase spanned over a period of approximately four

weeks and was not directly observed by the researcher.

4. students understanding of reaotivity

Student understanding af reactivity- related concepts was tested

after receiving instruction, using a reactivity Inultiple-choice type

questionnaire. The questionnaire contained a combination of

tnultiple ..choice and open ended questions in a complementary marmer.

The 11'Iultiple-chwice questions \~ere identical to those used in

phase 1 of the investigation.

The four stages described above spanned over a period of six mantla.

A suwnary of the programme is tabulated.



Suggested outline no. 3.

DESIGNING THE TEACHING UATERIll.L ON REACTIVITY

l\OVANCE ORGANISER

REACTIONS
I);'olvtedto

HEAT
I
I
I
I
I
I
I

is I
l'olated
to I

I
I

+----~----------------~----+------------~----~.

I
I

l':NERGY CtlANGBS
AND DISTRIBUTION

I
I
I
I
I
Iindicator
lof
I
I

I
I

ELECTROL1"J.'lC
CELL

I
I

REAC'l'IVITY
I hue to
I clowith
I
I

I
I

~TE OF REACTION

+----------+---~-+---~---+I Itho
I I
I EX'l'ENT

nnl OF
I ruU\C'J.'ION

I
I

ELEr.TROC:1EMICl't.L
CBr.L

I
I
I
I
I

I
I_ __ _ _-+

cell
potentinlo
tell us
whothor
reaction
in

I+-----+~----+ In
I I !gNDOTIIERMIC EY.OTllEIUUC rM.' ..+.... ....+

REACTION REACTION I
NON- S:PONTANEO! ~+----------------------------. SPOhTANEOCS kEAC~IC

REAC'l'ION

"
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SU9geoted outline no. 2.

REACTIONS

I
I

NoN SPON'l'AN130US RE.l\.C'l'ION SPON'!,l\NI~OUS RBACTION ~+
I I can be I I II I + N +_~ • __ + +_+ I ocours I
I I I I I I +------~+ I
I I I I I I I I
I I I I I I I I
I I FAS'!' SlIOW EXO ENDO NATt1RALLY I
I I I I dcals
Iin I dcec not I I with
I +------~~--------~~~~--~~-~-"-~--~"-----+II I
I I

ELUCTROLY'rIC CELL ENERGY CHANGES--+

"
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SU9gcotcd ~~tline no. 1.

REAC'.I'IVITY
I
I+-------+-------+I I

I I
TOEORETICAL SXPERIMENTAL

I

I
I

lU\TE

l.How fuot?

I
I

EQOIL.

1•can it OCCU1'?

2. How fm:?

(factora affecting

rate and oquil.)

+---------+-------------~--+I I
I I

RATB BQOIL.

1, can l1tudento diotinguioh elq'orim1llntal

approaches to mef:\SU1'f~reactiv.i.ty?
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TaacheX'o: "I have never thought that I could relate electrolytic
cello to reactivi\:,yand to opontaneity"

'l'ellcher(s):"Heut can be relateci to the energy changoD in chemical
reactiorw-I never uaed to relate thca phyoico to
ohomiotry".

Teach(lr: "My teaching waD 00 compartmcntnlioed"
eeurce lead\~rI "In m~' earlier teaching I aloo d,i.dnot relate the

oeotj.on on h~1at to energy changeD that tllko part in a
chemi,;al reaction."

Couroe leader: "Do you think that you have been benofiting from the
eeueoc

'rcachero: Yoo, the cliocuooiono a~~ very helpful.
Course lOllclel.:"If I run !l similarly otruotured oouroe on vectoro,

do you think teuchero will be interaotod?"
ToclI;:horo: "coHni tely. "
'.rhoecueoc lendol:'got tho fooling thnt tho purticipanto had only
referred ouoorily to tho oyllabuo in tho paot and thio endoavour wao
helpf.l.

It wao ou99cotod by tho ooureo load or that outline 3 c~uld porhapo
oorve ao an advanee ol:gnnioer fClli' linking related concopto mot'(~
moaningfully. It wao al.oe opc.mtnnoo\loly adopted by tho toachot':::that
the outline would be helpful for oo'C]uoncingand adul)titlgthoil:'
toaching mo.torial, proferably to n aanotruotiviot format to make
otuclonto loal::ningmece moaningf\ll.
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couron leader: You have to go through the oyllnbuo and GOO how
thece concepto can be linked. Once you have a picture
you muot dooign a teaching otlatogy to teach the
concepts related to reactivity.

'rho tectehoro nbili ticD to synthooize and apply the new infot'tMtion
was olici tad. They were requootod to outline diagraI1ll1laticllJly tho

Huko between tho rOl\cti\'ity~relat()d concepto in a meaningful way.
Thooe outlinos had to be brought to ooooion 5.

Somo of tho draft outlineo brought by tonchoro during ooooion 5 nre

ohown to indicatL~ how they had linkod tho eeneepno , Draft outlineo
1 & 2 cll:.'l1wnup (\0 hOlnowork b:t two of tho teaehoro have boon
inolu.dod.

Outline 3 wac conotructed d~ring ooooion 5, uoing tho otnndurd e
oyllilbuo, in (.I coopel:ative and supervioed manner by the teachero and
tho coutoe loader. outline 3 inclieateo ami highlighto nemo of tho
links of related cenespeo there can land to mQuningful 1.0(\);'nin9'
Some of the viewfJ exproaood by the te1lOhoro nnd eeurue lead!';:aftCl'
conotrueting thio outlino aro CJuotodt

Couron loadorl "If YOll ha\l'o{\global idoa of What you nre attompting
to d(;l,it io vory helpful. sometimon the global
pieturo neodo to bo givon to tho otuclonto
beforehand" •

Toacher ;"I havo novel.' looked at reactivity in thin way ••.• 00 many
concepto can be linked"



162

Teaoher(SII tao, we can.
course leader: What about electrochemicRl cello. Do yau think this

can be linked to reactivity?
TeRoher(s)I Yeo, chemical energy io converted to olectrical

energy.

Course leader: I have drawn your attention to oeveral. concepts I

lets see how you can link them. I will give you an
example.

( Course leader draws the follow.i.ngflow diagram on the chalkboard:

REACTIVITy------------+
I I
I has to do I
I with I
I I

REAC~IONS EtECTROCHEMICAL CELL
lean be I+----+---------+ +----------+I I I I

I I reaction can bo I
I I I I
I I I roaction can be

NON S~ONTANEOQS SPONTANEOUS I
I I

Courso leadorl I have linkod the ~onoepto using linking wordo.
Roaotiv.it.ycan be linko(' to non opontanoouo and
sponto.\)OO\H~reacti':mo. Electrochomical coll. can lo
linked to tho cono~pto of spontaneous and nan
opontanoouo roaction.
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Course leaden In 2.8.3 one is dealing with electrochemica.l cells:

this concept is dealt with at a.matric level. If you

remember cell voltages tell us nothing about rate.

This is another method for measuring reactivity.

course leader: Working within the scope of the syllabus, and ,,·\:t

we have done, lets see how these ooncepts can L

linked by means of a flowohart.

Course leader: While going through the course material we have

expressed a need to present the material in the

syllabus in a different and more coherent way.

course leader: Lets look at the extent to which the knowledgt

acquired during the course coul~ €I integ~ated with

related topios in the syllabus.

Course leader: DO you think that we can perhaps link electrolytic

cells to the concept of re~ctivity?

Teacher: No! don't think so.

course leader: Do you think that the reaations in an electrolytic

cell arm spontaneous or non spontaneous?

Teacher: spontaneouo.

course leader: Why?

Teacher: Because the reaction is taking placa.

Course leader. Yes, but energy is continuously supplied.

Course leader: Ok, so if the roaction in an electrolytic cell is

non spontaneous can Wf) not link thls t.c reactj •.•.1.ty?



160

Course leader: YoU will notice that 2.5.1.2 refers to the rate
aspect of reactivity. A method which can he used to
measure reactivity.

Excerpt from syllabus

[2.5.1.3 Reactions with solutions of metal salto •
••••••in oome caseo an increase of temperature io
detectable. This indicates a release of energy.]

Course leader: You will notice that 2.5.1.3 refers to the onergy
uopect of reactivity. Another method for motlouring
:I:cuctiv j. ty •

b'Xcerpt:.b.-om syllabus

(2.9 Chemical reaotiono and electricity.
2.8.2 Eleotrolyoio

comparison of the electrolyois of HgC12t or cuC12 with the
decompooition of HgO whon hoated. In both caoes (l compol\nd
deoomposes 00 a rosult of an addition of energy).

Couroe loaam:,",YOll \'1:1.11 not.i.cethat z, a.:2 l'ofe.l.'o to onclothOl1'mio

..i
I
I

i

'.-aaotions,onargy can be UbClfJrbea in cliffercmt wnyo •

[2.6.3 Raoetiono producing QlaQt~ionl energy.
Domonotrntion ~~£tho ootabliohm().nt of n potential
differonco botwoen tho olectrodoo of a oimple coll.
'rnnoformotion of ahemiaal Rnorgy into olQctricol
onel'.gy).
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course leader: Please bring your draft attempts of the outlines
linking reactivity to related concepts for
discussion during session 5.

Course leader: I will give you nn example later, of the type of
Hnkag€l I UI1\ referring to.

Course leader: Lot's see where these concepts on the chalkboard
appear in the syllabus so that we can link key
concepts meaningfully when you teach reactivity.

l::xcerptsfr lin the syllabus relevant to the course material had been
reproduoed to complement tho oomments that follow. The numbering ox
tho syllnbus was retained for orODS referencing purposos. Tho
te.'loheronttention WaS drawn to the location of thoGO concepto in
the syllabus. The doscriptiono that Were not part of ·the dialo9ue
aro put in oquuro brackets.

Excorpt: from syllabus

[2.5 Attention OhClllldbe druwn to tho fact that acme renctionn

taka place opontaneouely und otherG do not.
2.5.1.1 Roactiono of motals]
COUl:'OC leadoJ:.·1If you look at 2.5 of tho syllabus, you II'Ul notioe

thl'ltspontanoity wno dealt with durin9 Ollr course.
Excerpt; from syllabus

t 2. s .1. 2 Re~lctions with water
•••••noting tho rata at. which thooe olomollto 1:'eleaoo
hydrogon)
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CHAPTER 5. TEACHING STR~TEGY AND METHODOLOGY TO BE USED WBEN

TEACHING REACTIVITY

After going through the OOUl .e material for session 4, teaohers
responses about how the newly acylll....· ..d matcri.:llohould be taught
were elioited. Their attelnptswere supervised and direoted during
the remaining sessions, on aspeots indicated below:

-diagrammatic outline, linking key reactivity-related concepts
-teaching strategy for the topic reactivity
-methodology to PI;! used for teaching reactivit.y.

S.l Diagrrunrnaticoutline linking key reactivity-related concepts

Teaohers were given a copy of the relevant sections of the standard
a Physical Science syllabus (appendix Cll. The following comments
wElremade by the course l.eader and the teaohers partioipating:

Course leader: We have gone through the course material, let's
list the concepts we de,lltw,ith, :t am going "to
wd te some of them on the cha l.kboar d ,

The teachers attention was drawn by the course leader to the
f~llcling concepts thA~ Were discussed during the couraB. Thece were
listed on the ohalkboard:

~spontaneOuD reaction
-Reaot:i.onsthnt aboorb energy
-Reactiono thi~tgive off enOl'gy
-Reaotion of metalo
~Eleotrolytic oell
-Electrochemical cell

'.
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extent to which teachel'S had moved towards the scientific viel....

The goal of the homework exeroises was to introduce the teachers ~a

a range of views about the conoept reactivity as related to chemical

reactions like those they had already met, including "expert" or

"scientific" explanatiolul.

The homework questionnaire contains several situations similar to

those which the teachers encounterecl during their pre-course

enquiry.

The teaohet's task ....'as to "spot: the expert view( s )" among the

statements about eaoh situation.

The completed questi.onnaire was discussed before commencing of a

new session.

The large pr'. ~entage of correct responses by each teacher to the

homework questionnaire ind;cated that the contents of the pack had

been understoocl and that teachers had moved ncwarda the scientific

view about reactivity.
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The following responso encompasses the views expre ssed by most of

the teachers when going through activity cards 2 and 3 of

session 2.

"l:t depends what you are measuring. Do you want to k.now how far

or how :east?"

Implicit in this ze sponae was that which was being ascertained in

the pre-course work:

What was the basit:;for m(~asuring reactivity in the pte-course work?

Was it how fast or wes il: how far?

Aotivity oards 2, 3, 4 and 5 of session 3 oontai.)cd descriptions 0"

spontaneous reaotions. SomEl of the 11\0rerepresentative teaoher

responses are illUstrated:

" I always thought that spontaneous reactions has to do with

speed"

II I see, spontaneous does not 11\~,aninstantatleoUa"

" oh, spontaneotls processes has \'0 do with energy ohanges"

The above responses indicated 11\0vem~nt towards the scientific view.

The participants itldicated thaI:.the diocuooion on the activit:!

cards were very menningful since the p.·..ocean of understanding waa

facilitated by the course leader.

4.3 Teachers responses to the homework questionnaire

The homework questionn,d.res were used by bc.\ththe teachers an« the

course leader as indicators to asseoo teacher underotanding Qf the
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TOllf:hing delayed (old schools; N"'2JJj rl/ith tl:.").ching undelayed (old

schools; Nc54). (Appendix D2)

A studento t-teot showed that the average l:1ercontageoobtained by
these t\'I'O categories of students in phase 2 on the qUestionnaire
Were significantly different. 'l'he'Jne category of students reoeived
delayed teachjng of reactivity and 'the other received undolnyed
teaching.
Teaching delayed (Nc233): 33'

Teaching undelayed (l:cS4): 25%

Teaching undelayec/ (old schools,' NcS4) f",ith teaching undelay&d (now

schools; N=:84). (Appendix 82)

A students t-tefiltshowed that IHrerage percentages obtained by the
two categories of students in phase 2 on the questionnaire were not
significantly different. Both the categorieo of students did not
receive delayed teaching of reactiv~ty.

Teaching undelByed (N~54): 25'

Teaching undelayed (N~04): 25%

!1'eal':hing delayed (old schools; N:::2.13) rl/4th t.~(J.c}1ing del<,yed, (new

so}1o"'ls/ N:::l24). (Appendix F2)

1\ stu~''''ntot-test showed that :;wort,ge porcontages .::.I.ltainodby the
tWCl cCltegories of students on tho queotionnuire were significantly
different. The one category of students roceived delayed teaching of
reactivity and the other received undolayed teaching.
Teaching delay~d (No233): 33%
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A cbi squared taot for independence indic~tocl that there wao a
signifioanoe differonce for tho following queotionol
quaotion 5 (N~138) did better;
qllention 6 (Nc411\ did bottor.
Thero waD no oignificant difforence for quectiono 1,2,3,4,7 & B.

!1.'oachi.ng delayed, (old" mm schoolsl NaJS7) with toachi.llf1

undalayed, (old" new schools! NalJ8). (Appendix C2)

A otudento t-teot ohcwed that the averaga pcrcontng(IO obtuinod by

the two categoriHo of otudento in rhaoo 2 on tho qUQotionnairo wore
significantly r:liffo~ont.cno cutt1l30t'Y dolayot:ltho toaching ci'

reactivity and the other did not.

Toaching dolayocl (Nc357): 29%

Toaching undelayed (Nc138); 25%

A Chi oqunrQ toot for independence indicated that thoro WaD u
oignificant dlfferonce for tho questions
queotion 3 & 41 (No3~7l did batter.
Thero was no oignificant difforenQo for qUBctiono 1,2,5,6,7 & a.
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(~he level of significance io taken to be ~ m 0.05 or the 51

significancB level.)

For queetion 1 the probability of getting a value of X2 as large as
calculated io 0.660. Since probability> 0.05, Ho is not rejected
and we conclude that the groupo are not different in their responses
at oe c(1.0S.

A similar concluoion holdo aloo for questions 2,7, and 8.

For queotion 3, the probability of getting a value of X2 ao _.rge
ao calculated io 0.00.

since probabil.ity <: 0.05, 110io rojectod and we eone Lude that tho
populationo a:l:'edifforent in theil.'rooponsos for thio quootion,

A similar conclusion holdo :Corc;tllooMonn 4, 5 and 6. In all

questiono (3,4,5 und 6) whero there is a significant differenco,
tho, phaoe 2 delayed group of otudents performed better than the
phaoe 1 group ~f otudents.

Phase l, (N:::lIJll) r"J.t:h t:eaahinq ulldelayed pha.se 2, (Nc::l:S).

(AppendJ..'\( 132)

A otudonto t~teot showed that tho average porcentngeo obtained by
the t''10categorieo of otucll'lntoon tho queotionnnire wore not
oignifioantly different.

Phaoe 1 (N~411) I 25%
Phaoe 2 undelayod (N~13B); 24%
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The probability of getting a t~value aD large ao 4.5362 if Ho io
true io 0.0000. Therefore Ho io rejected and we conclude there io a

significant difference betwoen the menno of both groupo at ~ cO.05.
{otandard 8(Nc411) mean c 24%, otandard 8(N~357) moan = 29%}.

The phase 2 delayed group did better than the phase 1 group.

The average percent choices by these students for the oorrect
responses ~nd the accompanying options for each multiple-choice
C,lue,lltionof the reac'tivity queotionnaire are given lnter.

For 1.~hepurposes of the comparison tho renpcnaeo for the
multiple-choice C,lueotionowe~e treated as either O(wrong) or
l(corroct) i.e the rooulting data io not normally diotributod. A X2

teot was then emplored to compare the results of the phaso 1 group
to the phase 2 delayed group for the reactivity questionnaire.

A Chi square test for indepundonco was c1.u:rioctout to determine
whether or not the co:Jl:'rect/wrongreoponne io independent of whether
standard 8 sturl~ntG are from phaoo 1 group (No411) or phase 2

delayed group (Nc357).

Tile following null hypotheoio Ho and alternate hYPQthcoeo H1 are

assumed.

HOI The reoponoo io independent of group.
Hll The response is not independent of group
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4. comparison of results for schools that took part in phases 1 & 2
on the reactivity queotionnaire. (Appendix 12)

5. Individual studr:mt responseo of both the phase 2 delayed gro'lpo
and unde Layed groupo to the react.i.vity quen donnalre.
(Appendix J2)

6. Hiotograms. (Appendix K2)

6.1 c~mparioon of standard e reoults, per qUQotion for phase 1

(teaching undelnyed) with phase 2(teaching delayed) on
the reactivity questionnaire .

.Phase 1., (N:::411.) cd.th t:el1ch1.n!), delayed p}uwe 2, (NeJS7). (Append1.x 112)

A Students twtest Wao employed to compare the overall ave,tage
obtained by the standard B otudento of both groupo for the
t aaot! vi ty qUf.1otiO)ll11lire.

The following null hypothooio Ho and alto);'l1atehYl?othoois Hl aro
aooumod.
HOI The mean responses for groupo (Nc411) anj (Nn3S7) are equal.

{UC\Nc411) = Ua(Nc357)}
H1I The mean responses for groupo (Nm411) and (N~357) are not equal.

{l\a(N"'411) r=F uo(Nc357)}

(The level of oignifioanoe io taken to be ~ '"0.05 or the 51
signifioance lavol)
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Re$Ult~1

The results of the following analyoes are given 1n the appendixes as
shown belOW. The numbers in the square brackets t ), aloo appear in
the diagram above to aid in tracking the comparioono. (Refer to
diagram)

1. comparison of otadard 8'0 reoults for ph\loe 1 and phase 2 on
the reactivity questionnaire I

1.1 (1] Phaoe I, (Nc411) with tenohil,g delayed phase 2, (N"'357)•
(Al'pEmdixA2)

1.2 [2] Phase l,(Nc4tl) with teuching undelnyed phaoe 2, Nc13B).
(Appondix B2)

2. comparison of otandard B's J:eoulto for phaoe 2 on the reactivity
questionnaire:
2.1 Pl Teaching I~elayed, (old & new ochoolo; N"'357) wit.h

teaching undelnyed, (old and new schoolo; No13B).
(Appendix C2)

2.2 [4) Teaching delayed (old Dchoolo; Ne233) with teaching
undalayed (old oohool; NcS4). (Appendix D2)

2.3 [51 Teaching undolayed (old ochool; NcS4) with t~aahing
undelayed (new ochoolo; NcB4). (Appendix E2)

2.4 [Gl Teaching delayed (old Dehoole; Na233) with teaching
delayed, (new schoolo; Nc124). (Appendix F2)

2.5 [7] Tonohing undolayod, (new ocheols; N=84) with teaching
delayed, (now ochoolnl Nc124). (ADPond:LxG2)

3. comparioon of difforont oehoolo reoulto for phaoe 2 on the
rOBctivi ty queotionnail..e. (Appondix 112)
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A schematic diagram indicating the number of schools and

students that participated during phase 1 and 2 of the investigation

is given below. six schools participated in phase 1 of the

investigation. Three of the six schools proceeded to p&rticipate in

phase 2 of the investigation. Four new schools participated in phase

2 of the investigation. Some schools during this phase delayed the

teaohing of reaotivity and others did not.

PHASE 1 (OLD SCHOOLS) NEW SCHOOLS
+------- (6 schools; 411 students)-+
I I
I I
I I
I I
I +--~-~----+----------+ II I I
I I I
I I II ~HREE SWnOQLS THREE SCnOOLS I
I (237 stuc;lents) (174 students) 1 [2)
I I
I I
I schools I
I proceeded I
I to 1

I I
I +----+-----------------+ 1I I 1 I
I I 1 I
I PHASn 2 [1] PHASE 2 1[5] PHASI52 (7] PHASE 2
I DEIJ~YED < M'_ '> UNDELAYlm <--1---> UNDELAYED <------> DELAYED
I (2 Schools; (1 schc)ol, I (2 schools; (2 schools
I 233 IiItudents) 54 students) I 84 students) (124 at udents)
I I I I
I I I I 1
I I +--------<138>--------+I I 1
I I I
I I I [3] [6)
I I I
I I I I
I +------------------------------<357>-------------------+
I I+~--~---------~---~-------~---~----+

[ 1)
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CHAPTER 6: REACTIVI'l'Y QUESTIONNAIRE - CONTENTS AND GENERAL OUTCOMES

The general outcomes from use of the standard 8 questionnaire in

phase 2 are described.

The original reactivity questionnaire contained only multiple-choice

ql.estions, As described under the investigations of ph rae 1 these

questions was designp.d to ascertain students understanding of the

concepts reactivity, reactivity series and related concepts tested

earlier in the interviews. During phase 2 of the investigation two

additional open ended questions about reactivity were included in

the standard ~ questionnaire. The open-ended questions attempt to

compare the stand~rd 8 phase 2 groups responses to thoce that were

given by standard 10 students during phase 1.

The distractors used for the multiple-choice questions referred to

possible misconceptions. The concept.s tested by the questions were

within the framework of the topics of rates of reaction and ~hemical

equilibrium. The distractors for the que~tions on reactivity series

had a "rate bias", i.e. they frequently invoked a connection between

rate of reaction and reactivity. Hardly any distractors were

related to the overall energetics (equilibrium) of the reaction.

Options such as "none of the above" were included so that, if

students feJ.t that the options which were given did not relate to

either the kinetic or the thermodynamic implications in the term

reactivity, they could choose th~se options.
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conoepts. Furthermore praotioal work should form an integral par~

of the teaching and learning of the oonce~t reactivity.

~heir views were consistent with what has been cited in research.

Researoh considered hands on praotical work to be important for

learners in order to:

-facilitate concept formation

-enhance insight and understanding.

Time allotted for teaching reactivity:

Teachers indicated that approximately three to four weeks were

required for teaching the topic "Real~tivity". The total number of

periods that the.y would allocate to the teaching of the topic \>I'odd

be approximately 20 to 24 periods, each period of 35 minute

dUration.

The teachers efforts dUring these sessions were encouraging and

indicated that much thought had been given to considering what would

make learning by pupils more meaningful.

"
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(4) state what the term reactivity means.

(5) Be familiar with the various approaches used to measure

reactivity.

(6) Distingulch qUestions of rate from questions of equilibrium.

5.3 Methodology to be used when imp1.E'.mentingteaching strategy

Apart from having a 1.0gioal sequence, the number of periods and

hON' the tralwfer of 'l:henewly acquired knowledge is going to be

realised was also discussed.

Teaohers views of the approach they were going to use to get the

message ao~oss to their standard 8 pupils were elicited.

Some notions expressed by teachers:

Course leader: "What type of approach will you use to get your

message across? Woulcl you use the narrative

approach?"

Teaoher(s): " Defin.i.tt:llynot, practic.:al work i.s important"

Course leader: "But during the pre-course work, you used

practicals. That did not seem to be helpf~l"

Teacher I No f no I don I t think so, you must become B.ware of

\.,hatYOIl observing."

Teacher(s): "Theory and practical work must go hand in hanet."

Practical work:

The above quotations by teachers, indicated that they felt that

practical work was an important component for understanding science
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The views ~bove were consider~d by teachers to be important when

drafting a teaching design. Thes~ views are consistent with that

which is ourrently prevalent amongst the science educational

community.

Objectives:

Hcconki47 and shepardson and pizzini42 indicate that the purpose

for learning directs the attention to the selection of textual

information. Different pur:poses for learning influence attention

differently and thus the selection of textual informa ....ion. It would

appear that the stipulation of objectives at the beginning of a

topio or new concept may focus a students attention in a desired

direotion.

This aspect was considered when the "Understanding Reactivity" paok

was dl:lsigned. Each session in the pack was preceded by a statement

of objectiVes of the partioul.ll:session.

similar views as those above were expressed by the teachers.

Teaohers indioated that students attention shouLd be drawn to the

objectives of the lesson.

Sonle objectives formulated by the teachers and the researcher

arising from the disoussion are listed below.

After oareful study of this unit you should be able to:

(1) state the oriteria for the ctirection of spontaneous chanw'

(2) Reoognise an exothermic reaotion by Ilsing a thermometer.

(031 Recugnise an endothermic l:eaction by using a thermometer.
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5.2 Teaching strategy for the topic reactivity

During session 5 the strategy for teaching reactivity and the

methoaolugy they would use to transfer the acquired knowledge was

also elicited.

The notions expressed by most teachers indicated that the following

aspects were important when considering the teaching design:

-objectives

-previous relevant knowledge

-language usage.

Notions expressed by tea,::hersduring the discussion:

Some of the more zepr-eaerrtab.i.venotions expressed by the teachers

and fall.ing within \..ne categories mentioned above are quoted:

Objeoti.ves

"I will try to structure like YOll have done in the pack, give the

aims of the lesson".

Previ.ous relevant knof"ledge

"Do not assume prior knowledge - try to find the atarting point for

the children".

"! would like to start with pre-course work and move from there".

L.s.nguage usage

"I will try to distinguish the scientific meaning from the everyday

meaning. Fot' instance spontaneoua de...· not mean instantaneous".



191

Discussion.
That the overall re~r.tirn is exothermic (option A) is correctly

reflected by 17-20% more students of the phase 2 delayed group as

compared to the other groups.

A chi square test indicated that the result 57% correct, is

significantly bette~ than the 371 correct for phase 1.

Perhaps this indicates that the students of the phase 2 delayed

group are aware that an exothermic reaction is one that is indicat.:ld

by a rise in temperature and an endothermic reaction by a drop in

temperature.

Identifying an exntherm!c and an endothermic reaction waf;'.dealt with

in activity cardb " and 4 respectively during session 3 and the

concepts elaborated further by the course leader.

options B + D + E all focus on pre-heating. All these attach more

it.lportance to this, than the subaequent; exothermic reaction. 'l'he

total number of students in the phase 2 groups who choue theca

options decreased by 16-201, as compared to phase 1, suggesting

there was a better understanding of the purpose of heating the

sodium. For ~he phase 2 de] 1yed group this matchoo the increase in

option A,(the correct choioe), whereas for the phase 2 undelayecl

group it matohes the increase in option C (another incorrect

choice) .
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Question 4.

objective: To toot whether otudento can distinguish between

exothermic and endothermic reactions.

Question 4

When Na is he~ted in a deflagrating spoon, an j then inoerted in a

gas jar of oxygen, there is a vigorous reaction with oxygen

aucompaniecl by the emiosion of light. The reaction of Na with

oxygen can be conoidered to be

+---+-----~----------------- ..-------+----------+-------------------+Optiono I Phnue 1 Phaoe 2 I%option I
I I I
I %/option IUndelayed Dolayed I

+---+--------------_._--------------+----------+---------+---------+I - INo x-eoponse I 0,7 1.4 I 0 • 0+ +_~ ~__• M. .~---~----_-+--~- + ~ +
I#A. Iexotherlnic because enel:gy is I
I I I I
I Iliberated in the form of light. I 37,4 39.1 I 56.6 I

I I I I I
+ .~- --r.~~----_------~--------_-+--------_-+--~- +_~_~ +
I D.lendothermic because Na was I
I I I
I IJUUlted before the reaction I
I I I
I Icould take place. 23,2 13 11.5 I
+--~+-~.---------~------------------+----------+------..--+--------~+I

I
15.1 I

I c.lopontaneoua beoauoe the
I I
I Ireaction was rapjd.

I
I
I 13,4 27.S

+_~_ -l- .. _ __ .. .. _+------ .._--+ ..--_ _ + _M ""' +
I D.lnon opontaneouo because
I I
I INa had to be heated.

1
I

I ll,O u .s 9.0
+..--+~-~-~~~-...------~----------~----+-------~--+---------+---------+E.lcatalysed becauoe the

I
Iheat suppljed was a
I
Icatalyst for the reaction.
I

14,2 7.2 7.0
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By this t&rm, sudden movement or instantaneous io aloo implied.

About 25% I~f the studentb otill felt that a opontaneouo reaction
takes pJ.ElCf~wi thollt heating.
'1'hiomay be reflecting the same baoie:'View, namely that it takes
place without delay.

17-20% mOl:e otudents in the phase 2 delayed group, as compared to
both the other groupo chooe the scientifically correct option B.
'rhis indicates perhapo, a better pl::aoentation by the teachero, who
participated in tho course and had movod towardo the pcientific view
of the concept opontaneity.

A Chi oquare teot indicated that the 27~ correct by the phano 2
delayed group io significantly better than tho 11% by tho phase 1
group. The concopt of spontcmeity wao intt>nsivoly and oxtenoivl!ly
dealt with during ooooion 3 of the paCK.
The eneouraging shift in the l:ooponoeo of the studenta ind.i(;'Jatoa
that the aotiv.:l.tyeardo uned with the tOllchoro during oeoo~.un .3w01:o
helpful to them in movins their otud.ento towardo the ociontific
view.

'rh~ percentago carregt reoponoo by tho otudonto in tho phaso 2
unclolayed group woo comparable to that of phone 1. It therofore
oeemo that tho toaehing of t 0 conoopt wao not being influonced by
tho :faot that tho toachot' wao participating in tho eeurne ,



Question 3.
objective: To test students perception of the conr.eptspontaneous

r.eaction.

A spontaneous reaction is a reaotion that

+---+------------------------- .._----+---------+--------------------+options I Phase 1 I ~hase 2/%option I
I I I
I I II %/optionl Undelayed Delayed I

+---+------------------ ..------------+-~-------+----------+---------+I - INo response I I I I
+-~-+-------------------------------+---------+----------+---------+I A.lalways gives off energy. I 7,8 I 2.9 I 7.0 I
+---+-------------------------------+---------+----------+---------+I B.lal~ays absorbs energy. I 2,4 I 4.3 I 4.2 I
+---+-------------------------------+---------+----------+---------+I c·ltakes place without any delay. I 58,4 I 66.7 I 36.4 I+ + " " ~ +__M + + +

I D.locours without heating it. I 2u,4 I 18.8 I 24.9 I
+---+-------------------------------+---------+----------+---------+1#~.loan occur, however it could be I I I
I I I I I
I Ifast or slow. 10,9 I 7.2 I 2'/.5 I
+---+--_ .._--------------------------+---------+----------+---------+
Discussion.
option (0) waS once again the moot popular response for all groups.
However about 22-30% fewer otudents in the phase 2 delayed group, as
compared to the other groups, choee this option. This indioates
that fewer perceive a spontaneous reaction as one that takes place
without any delay.

Those students that still have a miuunderotanding of tho term
spontaneous are probably still influenced by it's everyday uaage.
'rhl'l term La pl.'obably under",tood to imply that the ao'!:is voluntary
or taking place at it'a own accord and without ol~tornal incitement.

'.
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Discussion.
The percentaqe responses by otudents remained approximately the same
for all three groups.
A fairly large percentage of all three groupE, chose the correct
option (B). This answer .....·a.san obvious choice'" lind it is surprising
that not more than 62% chose it.

The choice of options (A) and (D), totalinq about 25% of all t!lree
groups of students, ;l,ndicatesa belief that the relative speed with
which the metals react can be deduced frolllthe reactivity series.
Choice A is probably a relativelY strong distractor as many students
have seen the reactions concerned.

The pack e~phasizes during session 2 that both kinetic and
thermod~namic considerations are implicit in the term reactivity.
However the correct choice does not require any distinction between
thl3se. Hence 'the lack of influence of the pack on the outcome io
expected.
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Question 2.
Objective: To ascertain students interpretation of the rea.!tivity

series.

Question 2

The following sta+.ements are given below:
lisethe accompanying reactivity series for metals and hence choose
the most appropriata response:

+---+-----------------------------+--- .._----+----------------- -+, , options jenase 1 I phase 2/%option I
I I I I I
I I I I I
I I I %/optionl Undelayed Pelayed I
+---+-----------------------------+_.--------+-----------+----------+I - ,No ret:lponoe , 0,7 , 2 .9 I 0 • 6 I
+--~+~------------~--~------------+---------+-----------+-~--------+I A I K reacts faster with oxygen I I
I I I I
I I than Na does. ,15,9 13 15.0 I
+---+----~------------------------+---------+-----------+----------+I#B.I The least reactive metal I
I I I
I I is Au. I 65,9 65.9 62.7+ + + t +__~ + +

Ie. I K \;'i11Naot with more I
I I I
I 'oxygen than Nn. ,3,7 4.3 2.8
+---+-----------------------------+---------+-----------+----------+, D.' the reactivity series can I
I I I
I I be used to prediot whioh I
I I I
I I metal would react the I
I I I
I I fasteot with sulphur. I 7,3 5.6 9.0+---+----------------------------M+---------+--------- __+ +
I E., None of the above I
I I I
I I statements is correct. I
, I I 6,6 6.0 9.0+--"+--~---------~------~---------+--------_+-I~ - + +
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also ~& an alternative pathway to reach the final destination is
missed.

The same standard a textboo}{3S used by students in both phases of
the investigation transmits this misconception. The textboo}{
states that "t\ cataljrot speeds up the rate of a reaction without
partic~pating in the reaction", A large percentage of the students
in standard eight used this textbook ao a major source of
instruction.
The "Understanding ll.oactivity" pack.dea.lt only curoorily with the
concept of a oatalyst. This concept io not formally in the standard
a syllabus. The oontinuod prevalence of misconceptions about a
catalyst is to be expeoted in the absenoe of activity cardts), in
the "paok" attempting to remedy the rnisc.:)nception.

Teaohers indicated that the concept of a catalyst wao not emphasized
in their teaching precisely because it io not in the syllabus.
Against this bao}{ground the students reoponoeo are unclerotandable.



184

Questioll 1

objective: To test students understanding of the tp.rm catalyst.

Quest.ion. J.

I. A catalyst speeds up the rate of the reaction without taking

part in the reaction.

II. A catalyst inoreases the yield of the products in a reaction.

III. A oatalyst initiates a reaction.

IV. A oatalyst increases the rate of the reaction.

Which of th~ above statements do you consider to be definitely

appropriate?

# indicates correct response

+---+---------------+---------------+------------------------------+I I options I Phase 1 I Phase 2 /%opt;\.on 1
I I 1 I 1
1 1 1 %Ioption 1 undelayed Oelayed I

+---+---------------+---------------+-------------+----------------+
1- 1 No response 1 I I I

+---+---------------+---------------+-------------+----------------+
1 A·I I 1 78,8 I 80 I 84.0 I

+---+---------------+---------------+-------------+----------------+I S·I II I 1,5 I 0.7 1 0.0 I+ + N + -+ + +

I O. I III 2,7 I 1.4 I 0.6
+---+---------------+---------------+------------~+-----,._---------+1#0 I IV I 7,5 1 7.2 I 8.4 1+ +n + - + + +

I E I III & IV 1 9,5 10.1 7.0
+---+---------------+---------------+---.,---------+----------------+
Disoussion.

The results of this question confirms that there is cause for

oonoern.

Approximately 80% of each :Il:'oupof the scanda rd 8 students be:U.eved

that a oatalyst speeds up a reaction without taking part in the

reo.otion. The idea of regenerat.ion /.IS the l.'e/.lctionproceeds and

J :of

"
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students were t.irected to use the following reactivity series in the

questions unless oth~rwise stated. This reactivity series has been

taken from ~ standat J 8 Physical science textbook without any

modification.

Reactivity series for metals

K

Ba

Ca

Na

Mg
Al
Zn

Fe
pb

(H)

ell

Hg

Ag

Au
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CBAP~BR 7: REACTIVITY QUESTIONNAIRE - ANALYSIS O~·RESPONSES

Responses for the multiple choioe questions during phase 2 by the

teaching delayed (N=3S7) and the undelayed (N~'38) groupo are

oonsidered. The responses by the teaohing delayed group (N=357) for

the open-ended questions are also given.

~esponses for the multiple-ohoice questions made by standard 8

students (N=411) during phase 1 have been re~roduoed for oomparison

pur!?oses.

7.1 Analysis of response l!othe reaotivity questionnaire

The standard 8 questionnaire appears in Appendix A.

The stalldard 8 students were presented with a variety of

questions I~hioh aimed to test their understanding of r~activity and

related oonoepts. In this seotion, the responses of the students in

this and an earlier investigation are discussed on a

question-by-question basis.

Students Were presented with eight multiple-choice questions and t\o10

open-ended questions, In the former case the response previously

identified as oorrect is marked with an #, and the percentage of

students from the respeotive groups seleoting eaoh response is

indicated for eaoh question.
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The means for the schools involved were respectively:

school 2(phase 1) == 23%;

school 2(phase 2' delayed) == 35%I

school 4 (pha"le 1) = 19%;

school 4(phase 2' delayed) 32%I

school 5(phase 1) = 35%

school 5(phase 2' undelayed) ::: 25%}.I

Individual student responses for phase 2 groups to the reactivity

qUestionnaire. (Appendix J2)

The tot a),mark obtained for the questionnaire by each student of

phase 2 is given.

Histograms. (Appendix X2)

- Histogram showing a comparison of standa.rd 8 resultlilper question

for phase 1 (teaching undelayed) with phase 2 (teaching delayed)

on standard 8 questionnaire.

- Histogram comparing s("'hoolsthat partic.i.pated in b'ith phase 1 and

2.

The responses to the questionnaire are dealt \'lithin more detail in

the next chapter.



180

Teaching delayed (N=124): 21%

Teaohing undelayed, (new sohools; N=84) with teaohing delayed, (new

sohools; N=124). (APpendix G2)

A students t-test showed that average percentage~ obtained by the

two categories of students on the questionnaire "'ere not

significantly different. One category received delayed teaching of

reactivity and the received undelayed teaching.

Te~ching undelayed (N=84): 25%

Teaching delayed (N=124): 21%

comparison of diffel"ent ::"011001sresults i'or ~I.,;lse2 on the

reaotivity quesidonns ire, (Appendix H2)

The performance of the standard 8 students of phase 2 of each

of the four schools that delayed the teaching of reactivity

for the standard B questionnaire is given. The average performance

at aJ.l.the schools was poor. Sohool number 2 and 4 results were

respectively 35% and 32% • These schools did significantly better

than school numbers 3 and 7, the average scores obtained being 22%,

and 22% respectively.

comparison of sohools results that took part in pllase 1 and 2 of

investigatiol1 on the reaot.ivity questionnaire. (Appendix I2)

Three of the schools of phase 2 also took part in the

investigations du~ing phase 1. rhese schools delayed the teaching of

reactivity. TWO out of the three schools did significantly better

during phase 2 as oompared to phase 1 whilst one did significantly

wexse ,

"



203

partial success. This is not reflected however in an ~ncrease in
th ' ,?ercentag9 choo~ling the correct re.:ponse. Rathe):'there Was an
increase in the per"'entage opting for ,mother 0011\11\01'1

l1\isconc:eption.

4. Thore is eVidence that teachers in the phase 2 undalay~d group,
were infl.ll'lncedby the course and transferred some of this
influence to their students, £10 the couroe proceedp.d.

:rnthe light of the observations it was decided to make further
comparisons of overall outcol1\onon tho following basis:
1. Quantion 1,2 and G would be omitted from the analyoiG
2. The best anower to question 7 snould be made E.
3. In question S, options A, E and B oh~u1d all be ):'ogardedas

appropriate in orde': to give credit to students who did not

choose option D.

Alternative analysis of outcome

Alternative aompflJ:ison of the phase 2 delayed a.nd undela.)'cd groups

on tihe rea.ctivity queetiionnei re, (Appendix L2)

A. otudonts t-teot on the overal.l porcentages !lchioved by the t\.,ro
phaGe 2 groupo showed the phase 2 cle1ayeclgroup performed
significantly better than the phaGe 2 unclolayed g~oup:
Phase 2 delayed group - 41%
Phase 2 undelayed group - 32%
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7.2 Review nnd alternative analysis of reoponse to the reaotivity
qUestionnaire

Reviewing the questionnairo on a question by queotion basic ohows
mixed outoomeo from otud.o'Otoin rala'tion to the intervention with
'tho teaohero. To got a fair aooeooment of what the intervention
may have aohieved a number of ,!loralpOints oan be made:

1. Some queotionc {Ire not suitablo for detecting any influenoe of
the couroe.
Queotion 1 dealt with tho eoncf.1ptof n catalyst and wac not
formally in the otandux'd 8 oylbbuo.

Queotion 2 could be answered oorrectly w~thout D proper
underotnnding of the reaotivity oonoept.

Question 6 could not be anowered correctly by a otudent who did
have n proper understanding of tho re~ctivity oonoopt.

2. 'l'bo moot appropriate responne to certain qU(lotiono lnay not be au
previouoly thought.
In qllootion 7 I tho moot npPl.·opl.'iotol.'ooponnein torlnG of tho

undorotonding tho Qouroo aimod to devolop io option I, rather
than option c the option proviouoly identifiod ao moot
IlpprO[)rinto.

3. ~rho r'ooponoo to the quootion bofo:t'(land aftor intol.'vention
l.nclicatopm,tinl ilnprtJvolnontin thnt one onoic mioQoO(;l()ption
neomo to hove boon alloviated. !iowovel.'tho eor:,'ectrool'(Jnoo\~ao
ot:l.11not mado ,
tn CJuulltiona I tlw mal."J{ocldoc:ro(HlOin tho pOl:contago belioving
th. t thoro io nly one :.'oaetivity OOl.-jooio t,tl illflicntiemof
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Discusoj,on.
A sim:!.larpercentage of t:," phane 1 grout) and the phane 2 delayed
group made tho correct choice E.

A fairly large petcentago of all the groupo once again took thA
roactivity oO.l.°ieoto be acme cort of. a "rate oerion". Since this io
already ohown in previous qUQotions to be a widely hold
miooonoeption, it io not unexpected that thio ohould happen. Hence

tho porcentnge ohoooing opHon [)might well be higher if there wero
other, leaD popular diotrnctoro.

If OM conoidero tho intended outcome for this C,llleotionto be n

clearanoe in tho number who bolievo thoro io only O~Q roactivity
Dorion then 1:.110 l)orcontago choooil1g o~,ti(m [) by both t.ho phace 2

clelayad and undoluyed groupo woro significantly botter that tho
phaoe 1 group. '1'hioimplieo nn incrolloociuwuronooo that tho
reactivity of a oubotunoe dopendo on th6 ~n-rDactaht. Moot of the
inoroaco huo occurred far option B.

'rho puck, during tho lutter Dart of ooooion 1 an;! during oeco ten 2,

indicatod that the ~rder of the sorioo io dependent on tho ar~tBria
uued to meuouxo reactivity, 'rho "pack" dl'awo (lttontion during tho
pre-couroo diocuooion, in ooooion 2 that mngnooium roacto footor
than calcium with oxygen but calcium reactD fapt~r than magncoium
with water.
'1'horoi:lppoo.rothol'ofol.'Qto have boon partial ouceocn fo.l.'the COlU'OO

implied by thooo outcomoJ. It io interooting to note th(lt, aQdin th'
phaon 2 unclelnyod C3l'O"rJ OM'\\ aloo to have moved away f.l.·olneMica DI

but to a 10Door extort.

"
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Queotion 8
objeotive: To determine whether students take tho pooition of the

clements in a reaotivity oerieo to be invariant.

Question 8

Whioh of the following statements about the nlctal reactivity norien
io true?

')ptions I Phaee 1 I Phaee 2/%option
I I I
I VI loption I undolayod rJolnyod I+---+---~-------~--~----~----~------+~---------+-------~--+~~~..----+I - INo reoponeo I - 1 0.7 1.1+--~+--.-~~-------"------------"---~-+--~-------+--~-------+-"------+I A.I Elomento high up in tho oorioo I I ,

I I I I I
I Ihave n lot of energy. ,10,0 I 27.S 14.3 I+_~_+_~--~---_~--~-M------~---------+--- +------ ~I~---U-__~.

a.INstalo higher up in the ooriso I
I IIwill reaot faster with I
I I
laolutiono of motal aalto I
I IIthan motnlo lower down. 22,5 23.2 37.S I+~__+ M ~ +__~ U_+ + "~~_+

c. l'rhooo \notnlo inu1\odiatoly abeve I I
I I I
Inydrogsn will react wi til diluto I I
! I I
!acida to produce hyJrogsn I I
I I IIfllster than a motal fU:l.'trorup. I Ii, 1 6.5 5.6 I

D.ITho ordor of tho ronctivity
I
Iceries for the motnlo novoJ.'
I!changoD irroopoctive of tho
IInupotnnceo they ronct with. 44,3 30.4 23.6

I#1::' INono of the above otutomonto
I I
I Iio cer2.'Oc'c.

I
I
I 17,1 11.6 17.6
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of reaotiv~\ty for the specific caae of the pro-course work W!HI
discusoed. Rate, dell voltage and energy meaouremants aD posoible
criteria ",ith wl'~.chto cemparc reactivity wao emphaoized during the
diaCJuasion of th~ pro~oouroe wOl'k in Manion 2.

Approximately 18-20% of all tho groupo OhOOO tho oorreot option
reulioing that the oerieo wno not a rate oorioo. Hence the cour~e
aeoma to have had no influenoe in thio roga~d.

In tho oourse tho poaaibility of differont approaohes to mqaouring
::clUotiv;ttyW'la drawn to tho teachera' attcnticn. If thio ccncept, Wao
tauryht to thoir atudonto it would be undorotan1~llo if their
otUdO'lto wor') not DUt'Othat optiono C wno corroct.

Againat this baokground n plausible correct rcoponoe wauld be option
E. Significantly more of tho phasc 2 dolayed group ChODD thiD optiou
than tho phauo 1 gr~up and the phaus 2 undolnyod groupo ahowed B

oimilar t~ndoncy.

The totnl pOlzeont(lgo ehMcing Otltionc c and E (40Q,)for thin
queotion io then compnrable with the nppro>limntl:lpercentage choaoillg
option E (31%) for quostion S.
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+ + M + +~ + +

I B.IThe reaction in test tube (l) I 1 1 1
I I I 1 I II 1will be fast.er than that in I I I I
I 1 I I 1 I
I Itest tube \2), because bromine 1 I I I
I I 1 I 1 1
I lis mot'tlreactive than iodine. 1 45,3 '34.8' 31.9 1

l#c.IThe speed at which the reaction' ,
I I I ,
I lin the respective test tubes , I
I I I I
I Iwill take place cannot be' 1
I I I 1I Ipredicted from the reactivity I ,
I 1 I II Iseries. I 20,6 18.8 I 19.3+.-~+-~--~-~~-----------~---~-------+---------~+--~-------+----.._--+D.IThe reaction of chlorine with 1 1

I 1 1
Iboth solutions will not be 1 I
I I I
IspontaneouD because no hoat I I
I I Ilis supplied. lO,3 15.9 I 9.S 1

+~~_+ -~_--_~----------~--~_-----+-------w--+------ +_"~ +
I
I

21.6 1

I B INone of the above statements
I I
I Iio correct.

I
I
1 9,3 15.2

+---+-------------------------------+----------+------ __-.+--------+
OJ.scussion.
18-20' of both tho phase 2 groupo correctly indicated that tho
rateo of ruaction could not be prodicted.

10-13% fower studonto of both phase :2 grollrs aa compal'oclto phaae 1
hold tho view that a reactivity oorieo io a corioo that givoo
information ubout tho Dpoed with wh.1.chthe element will reuct.
Tho Dum of optiono A and B reflect tho above aooortion.

Tho reaction of hRlo9-no with tho halideo Wac given aD pro-courOB
work in the "pack". During ooonion 2 tho export or sciontific viow
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Objective: Interpretation of the halogen reaetivity aeries.
Question 7.

Question 7

chlorine is bUbbled at the samo rate through solutions of KI and
KBr, in the respective teot tubeo (1) and (2). The solutions are of
equal concentration and of equal volume. From the halogen
l;'eactivityseries given below, the following can be concluded:

---- .......

(1 )

Halogen reactivity series

11\J:(\q I

(2)

options I Phase 1 I Phase 2/%option I
I I I
I , /optionl Undolayecl Delayod I

I - INo reoponeD
+__~+ ~ ~ + ~...+_~ ~_l.~+~ ~__ +

3.6I 1,0

A.IThe reaction in test tube (2) I
I I
Iwill be rlwt:er thAn that in I
I IItest tube (1), because chlorine I
I I
lis hi.ghor up .l.n tho reactivity I
I I
Isorieo from iodine than I
I I
Ifrom bromino. I l3,5 15.2 14.0
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for correct option 0 (IV) was less for phase 2 studento than phase

1, whilst both options Band E inoreased in popularity. It may be

that teachers had explaineci that there is a variety of reactivity

serieo and nome are based on relative rateo of reaction. Hence they

would be correct in rejecting D. The given metal reactivity series

(from textbook) is not defined; hence one cannot presume that they

should know it is an electrochemicallequilibdum .•based one.

Furthermore the question may not have directed them forcibly enough

to the given reactivity series.

The contrast with Q5 io remarkable. Maybe the opecific caoe quoted

in Q5 (or very similar case) was discussed in claoo and established

as an equilibrium, not a rate comparison.

In retrospect it appears that the question is in fact unsatisfaotory

because it offel,'sno option to students who understand that a

reactivity peries may be i .aed on both rate and equilibrium aspects.
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QUestion 6.

Objective', To ascertain students interpretation of a reaotivity

series.

Question 6

consider the following statements about the metal reactivity series.

I. compounds of metals at the top of the series deoompose more

readily than compounds of metals at the bottom.

II. A reaotivity series is a series in which the metal reaating the

fastest is plaoed at the top.

III. A reactivity series prediots the relative speeds of reaotion of

metals When reaoting with any substance.

IV'. A reactivity series gives no information as to hor.,fast a

reaotion of a metal would occur.

'l'lhichof the above statements would you c::onsider to be most

appropriate?

+~~-+~~-----------,.---------+---------~--+------------~------------+I
I+---+~-------~-------.,------+- ..----------+--~----------+-----------+I

options I Phase 1
I %/ optj,on

phase 2/%option
Undelayed Delayed

I - INo response 0,5 0.7
+---+-----------------------+---------~--+---------~---+-----------+I A.II 7,6 I 8.0 I 6.4 I
+---+-----------------------+------------+-------------+-----------+I a·III I 23,2 I 23.9 [33.3 [+---+---------------- __. + + +-----------4
[ C.II,II & III [34,9 [ 39.1 I 33.6 I+ + ..__+ + + M __ ~_+
1/10. I IV I 23,2 I 13. e 9.5 I
+---+---------------------_ ..+------------+-------------+-----------+I E·IIII I I I I
I I I 10,7 I 14.5 I 17.4 I+---+---------"_N __~~~ "_+~------~--_-+---------_--_+ +
Disoussion,

This io a general que~tion about a reaotivity serie~. The percentage
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HoWeVer the phase 2 undelayed group also did significantly better.

There was no significant difference between the two, phase 2 groups.

The "pack" emphasized in activity card 2, during session 2 that

calorimetric measurements can be used to measure enthalpy values and

hence draw up a reactivity series. Fllrthermore attention was drawn

to the energy that can be given off in these displacement type of

reactions and that the energy liberated can be used to rank the

elelnents in a reactivity series. The better results of both the

phase 2 groups may be ascribed to the influence of the contents in

the pack on the teacher's understanding and/or teaching rrethoda.

The fact that both ~haae 2 groups exhibited similar changes as

compared with the phase 1 group suggests acme transference of ideas

may have been taking place whilst the course was still .:i.nprogress.

That is the teachers on the course who were not delaying their

te".\ching,were correcting the.i.l"own ideas and hence changing their

teaching on a continuing basis.
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+--+.-------------------------------+----------+-----------+--------+I B I :<I.tncwill react slower than I I I I
I I I I I I
I 'lead with the copper sulphate , I I I
I I I I I I
I I solui:,t.:>n. I 5,1 I 5.8 , 5.0 ,
+-~+-------------------------------+----------+-----------+--------+I C I Both metals would react I I I I
I I I I I I
I I with the same speed. 117,1 I 5.1 I r- ,s I
+--+-------------------------------+----------+-----------+---- ---+
I D I Copper will be deposited I I 1 1
I I I I I
I I more rapidly in beaker (1) I I I
I I I I I
I I than in beaker (2) because' I I
I I I 1 I
I I ~inc displaces oopper ions' I I
I I I I I
I I faster than lead does. I 37,5 I 17.4 20.2 I
I I I I I I+--+-------------------------------+----------+-----------+----<.---+I#EI None of the above I I I I
I I I I 1 I
I I statements is correct. 19,2 '37.0 I 31.1 I
! I 'I I I+--+-------------------------------+----------+-----------+--------+
Discussion.

All the options, except the correot one E, invoked a conner.tion

between reactivity and relative rates of reaction.

63-68% of the phase 2 students linked th~ir response only to rate,

markedly better than the 91% of the phase 1 students.

students choosing these options may in I fleet the unclear

manner' in wh.i.chsome of the c'~rrent sto\llell t.exts arf.lwritten.

Approximately 22% more of the phase 2 student" chose the correct

option (E) as compared to phase 1.

A Chi square test indicated that the 31% correct of the phase 2

delayed group is significantly better than the 9% of phase 1.
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Qllestion 5.

Objective: To ascertain scudents interpretation of a reactivity

series.

QUestion 5

Equal numbers of moles of lead and zinc are placed in the same

concentrations of copper sulphate solutions in respective beakers.

(see diagram)

pb

1-·--::-------j CUS04(aq)

(1)

CUS04 (aq) I

(2)

1. Zn(s) + CUSo4(aq) ---------> znso4(aq) + eu(s)

The reactions in the respective beakers are given below

2. Ph(s) + CUS04(aq) ---------> PbS04(aq) + Cuts)

which of the following statements can be inferred from the

accompanying metal reactivity series?

+--+-------------------------------+----------+--------------------+I I I I I
I I options I Phase 1 'hase 2/%option I
I I I I I
I I I %/options I Ulldelayed belayed I
+--+-------------------------------+----------+-----------+-------~+I -I No response I D,S I 0.7 I 3.4 I
+--+-------------------------------+----------+-----------+--------+I AI ziqc will react faster than I I I
I I I I I
I I Lead with the copper sulphate I I I
I I I I I
I I solution. I 30,2 I 34.1 I 29.7 I
+--+-------------------------------+----------+-----------+--------+
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~able 1: summary of original and alternative analysis of ou., .ne on
the reactivity questionnaire - phase 2 teaching delayed and
phase 1.

+-------------+----+-----------+----+----+----+-----------+----+---+concept 10'a I Original P P lo's IAlternative I P P
I I h 11 I I I h h

or 1& I outcome: a a 1& Ioutcome: I a a
I I a s I I I s B

Miaconcep- Iopt-I Phase 2- e e lopt-I Phase 2- I e e

I I I I I
tion lion I 'l'enching 2 1 lion I ~eacllin9 I 2 1

I I I I I
I I delayed % % I I lelayed I 'l. %

+-------------+----+-----------+----+----+----+-------_.,--+----+---+I catalyot 11D Ina change 18.4 17.5 110 Ino change I e. 417.51
I I Iexpected I I I lexpeeted I I I
I I I I I I I I I I+ + + M + + + + + + +

reactivity 12B Ina change- 162.7166
serios I Ina test of I I

I I);'atelink I I
I Iexpected I I
i I I I

12B Ino chango- 162.7166
I Ino toot of I I
I Irate link I I
I Iexpected I I
I I I I+-------------+----+-----------+----+----+----+--------_ .._+----+---+I spontaneous 13E limprovecl 127.5111 13£ limprovecl 127.5111 I

I reaction I I I I I I I I I
I I I I I I I I I I+-------------+----+-------_ .._-+----+----+----+-----------+---p+---+I axo/cndo 14A li~p);'oved 156.G137 14A limprovecl 156.6137 I
I I I I I I I I 1 1
I reMtivity I~c: !improved 131.119 15E Iimproved 131.119
llink to ru'~e I I I I I I I I
I +~---+-~-------~-+-~--+----+----+----------~+----+--~+
I IGO lne~ative 1:3.5 123 160 Inegative 19.5 123
I I loutl."r"tl- I I I IO\1tcome- I I
I I Ifaulty I I I I faulty I I
I I Iqu€:otion I I I Iqlloot':on I I
I I I I I I 1 I I
I +----+-----------+----+----+----+-----------+----+---+I 170 Ino 119.3119 17£* Iimproved 121.619
I I Iimprovement I I 1 I I 1
1 I I I I 1 I I I+--~------~---+----+-----------+---~+----+----+----~=-----+--~-+---+I Dingle leE Ino 117.61l7 leo* limprovecl 123.8144 I
I roacti vi t.y I lohange I I 1 I I I I
I £Io);ioo I I I I I I I I I

* indicateo more appropt'iute option in tho '.igbt of the conceptunl
chango couroe offered.
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cttW'rElt a: SUMMMY OF FInOINGS ABOUT THE l:NFLtmNC'n OF THE COURSE E'OR

'I'EACHlnts ON TUB LEhRNING ElY THEIR S'l'UDENTS

Th;1,Q chapter briefly reviowa tho saliont aopocto of tho study and
illustrateo somo opecific and gon~ral outcomes of phaoe 2.

Tho course devol oped for improving teacher undorstanding of
chemioal reactivity opnnned ovp.r five montha. During thin period the
contaot time w'ith tho toachers wan approximately 10 hourn. 1\n

"!:rldorotanding Reactivity" pack designed according to

conotl:uc:tivi<'ltguidolineo wno uoed to faoilitntc teachur
undorstanding of reQctivity.

Diocuooiono with tho tonchers during the couroe indicat~d that tho
couree waD informative and sequenced meaningfully.
Vox-bnl l:mel written contributiono made by tho tenaharo during the
oouroo oignalod that thoug' had boon given to aopocto that nood to
be c:onoidot'odwhen touching th'(ltopic.

Il. tlU/nma.ryof tbe o.ri.gi.nal and III te.rmlt:i.VQ analysi.1J of outcomes of

.respon:;lI.w to tll(} reacti. vi. ty gUQsti.<;wlIa.i,r:e. ('l'o.bloa1 und 2)

An DUlnmary of ;;,hooriginal nne! ultclX'nutivQannlyoio of eueeemeo of
the reaativity quootionnairo io contained in tabla 1 and 2, Tabla 1
illuDtratoo l\ e:omparioon botwt'cn the phnne 2 deluyod groupo nnd tho
phaoQ 1 group.
Table 2 illuotrtltoo a comparioon betwoen the phano 2 undolayod group
and tho phaoo 1 group.
1\.0 previouoly o~l'lainQclin tho altornativQ ann1yoio tho moat
apt,ropriatc option for quoatien 7 wno E and :Cor (luoation e waD 0,

(000 tabloD 1 and 2).
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The 10 % scientifically correct responses by the phase 2 delayed
group of standard B students can probably be ascribed to th~ir
teuchers par~icipation in the conceptual change course.

The ecurne uoing tho "'understanding Reactivity" pack cl.t:ewatt.entiull
to th..:ooientific view about reMtivity during oeoaiono 1 and 2.
Neither the conoept reaotivity nor the different approaohes used to
measure reactivity are explained in current ochool physical r.cience
textbooks. The claim that the conceptual change course may have been
responsible, for moving teachers and oonoequently their students
towardo giving both kinetio and thermodynamic considerations to the
ooncopt of reacti v;i.tywould therefore neem reaoonable.

"
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comparison of various categories of students during phase land 2

The responses by the standard 8 ~tudents in phase 1 and 2 and the
standard 10 students in phase 1 on the concept reactivity are
su~nariscd in the table.

,~~~----~--~----.---------+-------------------------+Phase - standard I soientificnlly co:trect I
I Innd I explanation I
I I

questioning method I I
I I

IPhase 1 ~ std. 8 I None of the Qtuclento
IInterview I responded correctly

I I I1-- ~ M_~_+-~ w __ ~ M__+

I phase 1 - std. 10 I I
I I I
I open ended question I 0% I
I I I+-~----------------~~~---+----~-------------------~+I Phase 2 - std. 6 I
I I
I teaching delayed lO~ I
I I
I Open ended question I
I I

l?haoe 2 - std. B
teaching undoluyecl 0%

opon ended qUQotion+... ............__ .lO ... kiO ... ..... _+ ............._ .. .. _ .• ,.,. +

Tha ubDoncD of Q Dcie~tifically correct explanation of r~activity
was evident amongot ot,ar.clard8 Dtuden1-.~that wore .i.ntm:viewtldduring
phase 1. Furthol.·moro,none of tho otandax'd 10 otudonto in phase 1
gavo Q oQiontifi~Dlly oorroct explanation of roactivity ovon though
they h£ld two additional yoaro of formul touching.
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n: R~activity is the power an element has to react with
anc:.ther.It indicates whether an element can .t'eactfast or slow.

R: When compounds nnd substaneea are placed in a series according
to how they react. The faster they react they are placed at the
top of a series and the slower at the bottom of the coriss.

RI A reactivity sorieo is a series in which elements are plaoed
according to their speed •

3. Eneryy explanations.

R: The element with tho moot energy io pla~ecl at the top and the
one with the leaot energy is at the bottom.

111 The moot eMrgetio s\;bstanoe is followod by a 10"0 energetic
SUbstance.

The renponses of 138 students whoso teachers participated in the
course but did not delay the teaching of reactivity have not been
quoted. The percentago responooo by these students for the
oategories mentioned below £Iraapproximately the sarno as those
of the stUdents t~ught by their teachers who delayed the teaching of
reactivity. HoweVer no scientifioally oo~rect explanationo wore
given by these students for reactivity and l'o(wtivity aorioo. The
de~reaoe in the p~rcent~ge of scientifically correct explanationo
£Qr reactivity and reactivity oerieo wao reflected mainly by an
inc~ease in anthr~pnm~rphic oKplanations and explanations linked to
energy and/or rate respectively.
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students responses to the concept of reactivity series.

1. scientifically correct.

R: It is a series in whioh the elements are plaoed in an
approximate order. The order may ohange depending on the
substanoe the element reacts with.

R: It is a saries in which the elements are placed in an
approximate order.

2. Circular explanations.

R: Th~ reactivity series io arranged 00 that the moot reactive
sUbstance is at the top and the least reactive sUbstance at the
bottom.

Rt Itldicates which substances are highly renetive and which ur:e
not highly reactive.

R: It is the ordering of elements according to increasing or
decreasing reaativ~ty.

R: It is hew the eJ.emento io listed in the periodic table. From top
to bottom and left to right

R: It is a series , orderinc elements according ~o increasing or
decreasing activity.

RI The Eleries obviously rangoo from nubat.aneen of high .nwctlvity

to that of low reacHvic.y

3. Rate expla' ions.

RI The metnl that react.a tho fa.oteot io on top and tho .notal
that rsaota tho sloWGot is at the bottom of the oorice.
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3. Rate v~ewpoint.

R: Reactivity determines the .length of time which the reaction
takes place.

R: The rate at which metals react. HOW fast or how slow they form
products.

R: The rate at which a compound or an element would react. How fast
or how sl~ this would be done. A catalyst would increase the
reactivity.

R: :rtprobably l:'efersto the ability of chemicals to react quickly

or slowly.

R: The rate at Which sUbstances react with each other, degree of
spontaneity of reactions.

R: HoW fast a metal or chemical will react with another oubstance.
The rate at which the sUbstance will react or whether it is a
spontan~ous reaction or not.

R: This means how rapidly or vigorously a metal would react \I'ith
another.

Rt Each substance has a c~rtain reactivity which maans that soma
sllbotanceo react faste:z:or mQra effective than others.

4. OJ.:z.::u].ar explanatJ.ons

Rt Reactivity of a substance depends on how l:eactive the substance
is. Supstanoes can react continuol1sly with one another. Alkali
me".:alsare moot react.ive ,

R: The term maano how reactivo a subotance io. All elemento in a
roactivity serios reuct differently.
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students respollses to the concept of reactivity

1. scientifically correct.

R: It is the ability of D. substance to form a product in a chemical

reaction.

R; The tendency of reactants to form products.

R: substances mayor may not have the tendency to form products in

a chemical reaction.

R: It is the ability of one Gubstance to react with another

substance to form a product in a chemical reaction.

R: It is the tendency for reactants to form products. It can depend

on speed or the energy change in a reaction.

R: The ability of an element to react. The reaction can be

spontaneous or non apontianeoua . EXothel;'mic or ando ~~ermic. Fast

or slow.

R: The capability of an element to react. The reaction can be
spontaneous or non spontaneous.

2. Antbropomorph.ic explanation.

RI The reactivity of the reaotion has to do with the power of the

reaction.

Rl The vigour with which chemicals combine gives the reactivity.

RI How vig~~ously a metal reacts.

R: Reactivity refers to how a metal can combine and how it reacts

with other (lomponents. If bright sparks, lCJud explosions and a

lot of vigourous things are happening the component is said to

be very react.iV'e.

'.
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Reactivity series

1. scientifically correct explanation. Approximately 10% of the
students showed an understanding of a reactivity cedes Si!llilar
to that held by the science education community. Approximately
5% of the 10% responses in this category are quoted below.

2. Circular explanations. Approximately 10% of the students gave a
circular explanation of the concept of a reactivity series. The
term react~.ity was used to explain the co~ lP~ reactivity
series. App.t'oximately15% of the 10% respo..seo in this category
are quoted below.

3. Rate explanation. Approximately 40% of the studento indicated
that the elements aro ordered in terms of the opeed with which
they react, Approximately 10% of the 40% reoponses in this
category are quo\gd below.

4. Energy explanations. Approximately 10% of the students indicated
that the elements are o-:cieredin terms of the energy they have,
The more energy they have the higher they ara in the reactivity
series. Approximately 10% of the 40% responses in this
category are quoted below.

5. No response. Approximately 10% of the same studentc who did not
respond to the previous question alsa did not reOpond to thin
question.

student responses have been lioted uOing the letter "R". The
reoponses are reflected as they appear on the original
questionnaire. Di80usoiono of th~ rasporoes will follow later.

'.
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The responses to the open ended qUestions, by the standard 8
students whose teachers delayed the teaching of reactivity until
the completion of the course, will first be considered. The
responses of the at'ldc,ntscan be resl?eotively assigned to the
distinct categories given below.

The responses of 357 standard n otudents to both these questions
were analysed.

Reaoti vi. ty

1. soient:ificnlly correot explanation. About 10 % of students
expressed reactivity in a soientifically correct WBY.

Approximately 20% of the 10% responseo in this category are
quoted below.

2. AnthropomCJrphJ:o explanation. About 5%

reactivity in an anthrol?omorphic way.
of students expressed
Approximately 10% of the

5% responses in this category are quoted below.
3. Rate e.'(planation. About 40% of the otudents linked tht~ir

descriptions of reactivity to rate. Approximately 20% of the
40% responses in this categol'.'ytiroquoted below.

<1. Intelligible but: "aJ.:r:oular" explllrl1tiolls. CircllJ.t\l:explanations
of the ooncept of reactivity were given by approximately 10% of
the students, indicating a lack of explanatory powor.
Approximately S% of the 10% l:eoponseo in this catogory are
quoted below.

S. Vn.illteJ.ligiblfl explallll tiona. APCJroximntely 30% of the respennea
were unintolligible. Thooe have not boen quoted.

6. No responses. Approximately 5% of the otuctonto, clict not
respond to this quostion.
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In both cases the phase 2 undelayed group showed somewhat less
improvement then the delayed group.

su.mmary of the overelL l'esults of the phase 1 group aompexed with

the phase 2 teaohing delayed and undo Zayed groups Oil th~ reaotivity

questionnaire, oaloulated in the original and alternative manner.

(APPENDIX N2)

Two sets of percentages are given below. One for a total of S
multiple-choice questions and the other £~r a total of 5 (excluding
Ql, 02 (,Q6).

+----------------+------------+---------_ .._------------------------+I Basio of I Phase 1 I phase 2 I
I I I I
I calculation I Nt:"lllll IN=138 - undelayed No::357 - delayed I+_.l " + +__~ +------~---------_-+
I I
I iloriginal(SQ) I 24% 25% 29%
I IIAlternative(5Q) I 23% 32% 41%
I I+----------------+------------+-----------------+------------------+

'l •3 Analysis of the open ended q~\estions

standard 8 students were also teoted on their understanding of the
terms reactivity and reactivity series by means of the following
open-ended questions which wor~ inclUded in the reactivity
questionnaire.

9. Expl ail) in about five lines what you undel:Gt.undby the following
term(s) •

9.1 Reactivity
9.2 Raaen..ivity series.
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,~l~ernative comparison of the phase 2 delayed and undelayed groups

with the phase 1 group on the reactivity guestionnaire.(Appendix M2)

A students t-test on the overall percent~geG obtained by th~ phase 2

delayed and undelayed groups and the phase 1 group showed that both

phase 2 groups performed signifi(:antlv better than the phase 1

group.

phase 2 undelayed group - 32%

Phase 2 delayed group 41%

phase 1 group - 23%

As regards individulill questions, a chi-square teot indicates that

for questions 7 and 8 both the phase 2 delayed and undalayad groups

did significantly better than the phase 1 group. 'l'hereis a

significant difference between the phase 2 grouFs.

--------+I
I
I

I and option I I undeluyed delayed I
+----------------+----------------+--------------------~-----------II I I I
I 7E I 9.3 I 15.2 21.6 I
I I I I
I 8D I 44.3 I 30.4 23,8 I

I I I+----------------+----------------+--------------------------------+

+----------------+----------------+-----------------------I I I
I Question I Phase 1 I % I
I I I

Phase 2 I %

Both the groups of phase 2 stLldents appear to show benefit from the

COurse for their teachers. Teachers who did not delay the teaching

of reactivity appeared'\:.o tranomit what they were learning during

the cilurse to their students since in soma caaea their teaching was

running parallal O~ slightly ahead of the course that wac presenteu.



227

9. Green, A. Confessions of a chemistry teacher-or-more trouble
with oquilibrium. School Science ~eview. 1982, 63(224), 504-507.

10. Bapoo, A.H., Bradley, J.D., & Gerrans, G.e. Views on aspects
of rates of reaction and chemical equilibrium -I. Spectrum.

1992, 303, 10-12.

11. Bradley, J.D., Gerrans G.C, & J,ong, G.C. The views of
some secondary school scienc,") 'coachers arid student teaohers
about chemical equilibri1.Am. South Af!riOlJ.ll ,Journal of!

Education. 1990 10, 3-12.

12. Buell, R.R., & Bradley, G.A. Pio.getinn t:ltud~.osin science:
Chemical equilib:r.ium undorstaI1di09' from so l.ub:l.lity:A
preliminary report from secondary ochool chemistry.
Saience Educat~on. 1972, 56, 23-29.

13. Wheeler, A.E., & Kass, H. Student. misconceptions in chom:i,c:ll
equilibrium. Soicnao E~uQation. 1978, 62, 223-232.

14. Ogude, N.A. Teaching and Lea~ning Problems in Eloctrochemistry.
PhD thesis, University of the Witwnte~srand, Johunnesburg.
1992.

15. Bodnar, G.M. Constructivism: A theory of knowlodge. Journ~l
of Chemic~l Eduoation. 1986, 63, 873-870.

16. Carey, S. Cosnit:i.ve Jcienoo and acf.once educat.Lcu , Amorican
Psychologist. 1986, ~:j., 1:1.23-1130.

17. Resnick, L.B. Mathematics und soionce learning: A new
Qoncoption. Scienoe. 1983, 220, 477-470.



226

REFErumcEs

J.. Nakleh, M.B., Why soma students don't learn ohemistry. Journal

oE Ch9mical Educat.ion, 1992, 69, 191-196,

2 Johnstone, A. H., IX!4ucdonald, J. Chomical equilibrium and
it's conceptual diffioulties. Education ill Chem:J,stry. 1977,
14, 169-172.

3. Hackling, M.W., IXGarnett, P.J. Misconceptions of chomicml
equilibrium. Europoan Journal of Sa.ionao Education. 1985,

7, 205-214.

4. Borquist, w., IX Hoil~kinon H. ~ltudonts ideas rogardinc;:rchomical
equilibrium. Journal of Clwro:i.otil E;dlwation. 1990, 67,

1000-1003.

5. Finley, F,N., Stewart, J" IX Yurroch, W.L. Teachors peroeptions
of important and difficult sci~nce content. Scionoo

Eduont:J.on. 1982, 66, 531-538.

6. B.t'ndloy,J.D., Ge:r::r.llns, c.c.. IX !Jong, G.O. Concopts
associatod with chemicaJ. oquiHbrium - I, Sp~C/truro.

1999, 271, 13-15.

7. Bradley, J.D., Gorrnna, G'C., IXLong, G.O. ConeoptD
o.ssociutcd with chem:l.c:aloquilibrium - II, Spoat:rum.

1989. 272, 0-10.

a. Bupoo I A. Ii. Teaoher misconcoptions in r:ates of reaotion und
chemioal uquilib~ium. SSc Hono Chomistzy projoct. Univorsity of
tho Witwn.to.rs.rnnd, Johannosburg. 19B!)



225

- conceptual chan9~ oourses that model the stratogies and ideas
being advanced, for student toachors, on the sarno or other topics,
can be integrated into the tea~hor training ourriculum.

- follow into the olassroom and tost tho standard B students,
exposed to t.he teachers who have gone t.hrough tho conoeptual change
couzaa, on the rate and equilibrium qUQotionna:i.ro.

- Inter'ITiewteachero exposed to the conceptual change course', to
idontify their le'ITeland ~c(.'lpeof undorotunding, on react.ivity
rolated aspects, tested in tho rate and. equil.lbrium questionnaire.
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in-servico wor.k in teacher training; (ii) for school based INSE~ in

one school (iii) by a. cluster of schools or interested individuals

toaohors from a number of oohoole.

Sohuell G9 has pointed out that an adequate understanding ·,f soienof)

education must oonsider tho prior and potential under.standing of
both the learner and tho educator :,;\.nce the educator has beUefo

that influ0nce his teuching.

t.Cheapproach adopted in this Dtudy accords wil:h 'I:.hoideas of

Sohuel1 ' and may bo a modal for fundamental improvoment in sod.ence

touohing, The approaoh involves Hnd:l.ng out toucher's ViO\1S about a

partic\llnr topic and then dosiqning and implomonting a concopeua),

ohtmge eeuxso of in-servieo education on this topic, Systemo.tic

o.pplication of t'lis approach acxc sa a r~ 1'"10 of core topios at

diffo.l:ont. levels co\.\ld result in a permanent and fundamental

im~rovcmont in scionco toaching.

Strengthoning of teaohe~ competence and confidenco would aloo result

in improved motiva.tion with self-evidont consequences for the

loarnors in thoir olo.ssroomo,

!mpl:J.ant:LQna ;for ;futuro resoarch

}:'urthor researoh olosely rolated to this study (and perhaps

emanating from this study) thilt~ might bo ccnduct.od in tho futuro uro

suggestod:

- in-sorvice coursos that model tho strategies o.nd ideas baing

advanced, on tho sumo or othor topics, can be conducted to S(jf.1 if

sim:l.lur findings aro genornl.ioonble.
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11 :tn spito of tho evidenco from this study that primary teacliers can
aoquiro a bottor undorstanding of aspoots of force and energy, the
quostion romains 0.£ whethor this meuns they are able to toach theso

seiontifio OOMopto lllore effoctively to children".

This study does however provide evd.dence of a statistical natm::e,
showing that tho toachors wore mora effective and that thei~
students benefitod.

A courso dosignod in u holistic manna:\:'attempting tho conceptual
ohango of studont teachers cun bo benoficial if it is structured
so that du:t::in9their training:

- attention is dra.wn to the l':olo'luntuopoots of f,ho syll,ubuo:
- related concepts ~.nthe syllabus m:o l:l.nkod;
- pedagogical sk..Uls to .i.mparttho nowly aoquired information

compl~ment the course.
Bocause t.eachers need both conceptual and pedagogioul knowledge and
skills it is impo:ctant that both arc considered when planning
in-service or pre-service education course.

TOilchers \~ere not followed into the classroom and Whilst acc::ordin9
to MillarGO tho constructivist model of learning docs not imply a
spooific model of instruction, the outcomes do suggest that.
loarnol':s'in tho classroom ware actively engaged by thei~ teachers
who acquired podo.gog;i.calknowledge and skills during the conceptual
chanqe C01.1rso.

Tho "Undo:r,'s·l:.o.ndingReactivity" po.ck io flexible and in the hands of
Q Q()mpot;om~ £Qo.1.l:Lt.:acor or courSe londer cun be used for (i) initial
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CHAPTER 9: CONCLOSr.ONS

The fj,rstphase of the research made an intensive study of the
conceptions uf students by using interviews and questionnaires on
aspect.a of rate of reaction, chemical equilib:dum and reactivity.
Sources of misconceptions were identified and a natural consequence
was an attempt tr: remedy the problems.
This phas('.Jinvestigated studant underst.andings of renctivity an area
which is notorious for its complexity and subtlety. Unlik.e
most other studies of this sort, however by comparison of the views
of standard B students with those of standard 10 students (as well
wi'ththe understanding of teachers), insights have been obtainod
into the origins of student oonceptions. The correspondence between
the standard a and standard 10 levels of understanding is
surprising, if not ama~ing, and im~lies a very significant message
to science eduoators.

10 second phase of the study attempted to improve teacher
1.mderstandirlgof r~aotivity related ooncepts by moans of a
oonceptu!;1.1change oourse and also to ascertain if the students they
taught ultimately benefited. In fact tho students of teacher.s who
delayed the teaching of .t:eactivityunt.il they had completed tho
conceptual change oourse did significantly better than those
students whoso toaching was not dolayed.

SUl1\ItlOrs and Kr"ger' e91 ooncluding remarks about; their conceptual
ohang~ courses for primary toachers may be quoted:
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3. students also again "::If:feredcircular expl anat.4ens i.~the

word reactive was used to explain the term reactivity.

4. ]I. larg6 percentage of students gave unintelligible responses.
One WO)lders if it is a cognition problem or Il language problem
or both that gave rise to the unintelligible responses.

It must be acknowledged that there are ~Ieaknesses in this
study in that:
-pre and post testing was absent and;
-the te~chers were not followed into the classroom.

Neve):'tholessthe positive influence of the conceptt1nl chango course
complemented by tho "undo:r:otandingRea..tivity" pack seems r.:lea:r:ly
evident :fromthe many facets of observation and nnalysio reported
here.

The otal1dard e stUdents t n phase 2 taught by teachers who did not
delay their teaching appeared to also have benefited from the
course. However the ilO~rovement Was to a lesser extent than the
group that received delayed teaching.

It seems reasonabltl to ascribe the improvement to more effective
toaohing after teuchers hud participated in the course nnd u~ed t~~
"pack" •
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2.2 During phase 1 when responses about reactivity were
elicited from the interviews, none of the standard S
students had a scientifically correct view of reactivity.

2.3 None of the standard 10 students during phase 1 showed a
scienti£ically correct vi.ewof reactivity when responding to
the same question on reactivity in the rate and equilibrium
questionnaire.

General observat~ons

1. Many standard 6 students taught by te(.\cherswho had completecl
the course still seemed to be looking at the term reactivity
only from a kinetic viewpoint.
However a significantly smaller percentage of students held
this belief than was observed during phase 1.

2. A smull but significant percentago of the standard e students
did not link the concept of reactivity to rate only.
!hio presumably reflects a better understanding of the ~oncept
reacdvHy, by the students who roce.i.vedteaching from the
teachers who had completed the course.

During phase 1 of the invootigaticn tho rooponoeo of stnnclurd 10
fltoldent.~to the name open-ended question did not givo any
conoidoration ~o the thermodynamic and eqUilibrium aspect of
reactivity evan though thoy had two addi.tional yenro of forma'.
teaching.
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1.2 Table 2 shows responses for questions 5,7 and B. These
questions were based on the reactivity series and each had
)lIorethan one distractor related to rate. The percentac.:!es
indicate the percentage of. students who chose responses
invoking a connection of reactivity with relative rates of
reaction.

Table 2

+----~-~-----------+--~----------+-~-----------------------+I
I
I+ ~M._+~------~~~---+-------------+----- ~__+
I

Question Phane 1 Phase 2

Undelayed Delayed

I+~---~-~----~------+-------"-----+-------------+---------~-+I
5 (A+IHC+D) 90% 62% 68%

I+__~ w ~~_+-------~---~-+-~-----~-----+------_~_~_+
I
I

'1(MD) 59% 50% 47%

8(IHC) 30% 41'11

+~_~ w~ +--------- +-------------+------ +

As much aD 62-68% may believe in this link as compared to 90% in
phaoe 1. Where other ol?tiono are particularly attractive, the
peroentages of studento choosing this link io reduced.
The data in the table 2 indioates mixed success in teaching the ideo
that reactivity may be judged in terms of criteriu other than :r:ate.

2. comparison of renponaec with the open onded quosticm on
recl':ti.v:i..tyduring phase ;,.

2.1 A amall but significant porcentuge (10%), of phase 2
otudents \\'hooeteaching woo delayed by their teachero l1ntil
the completion of the couroo, explained reactivity in n
scientifically corroct manner.
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2. The overall percentage achieved by the phase 2 undelayed W~QUP

(32%) was also improved but to a lesser extent when compared to
the overall percentage achie .•d by the phase 1 schools (23%).

swnmary of concepts tested, indic<1ting Improved teacbing of

scientific view.

To .summarise the outcomes of the alternative analysis the following
tables and open ended questions provide:

1. comparison of the extent to which the scientifio view was
expressed by the phase 2 undelayed and delbyed groups of students
with the phase 1 group of students. (Tables 1 and 2)

1.1 In highlighting the oomparisons questions 1, 2 and G have
been exclUded for reasons given earlier. Table 1 shows this
ccmpar Lacn in I'espeot of the concepts spontaneous reaction,

Tabla 1
Responses are drawn fl."omql.1estions3,4, 5, 7 and 8.

endothermic/exothermic reactions and reactivity series.

+W~_~_~_~~_+~ ~ + ~ ~ + ~__~ ~ +
IQuestion
I
Ioption
I
I

I std. 8
I
I Phooe 1
I
I+. ..... ...._ ..._~....__ ..._-"""M-·f.-- ...,...- +-- ·r-...--00111-- """""'"_ ...._ ...._ .. ....+
I 10

+ + 0 __ +

lundel.oyedlOeluyedl
I I I
I % I % I

+----------+---------+---------+-------+---------------------------+I 4A 37 39 I 57 I Exothermic / endothermic I+-~~---~--~~+--~------+---~-----+....-~--~-+-~-----~-"~.~~--------------+I 9 37 31 I Reactivity sorieo baoed I
I I I
I I on different approacheo I~'~-----~---+-~-----~-+---------+~------+~~--~-----------.-~--------+I 9 l5 I 22 I Reactivity Dorieo based I
I 1 I I
I 1 I on different approacheo I+~-__-__-I __ + ----~-+-------"-+----~-~+-~---~-------~ +
I 44

I 3El

Sf!;

I ?Ii;
I
I
I aD 30 I 23 I Slngle reactivity serieo

Phase 2 concept tested

I 27.5 spontanei t.y
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on a question by question basis excluding questions 1,2 and 6 the
original analysis shows the phase 2 delayed group did better than
the phase 1 group. The alternative analysis however indicates Il

much greater benefit from the course.

~rheoriginal and alternativa analysis of outcomes whet'e teaching was
not delayed show mixed results. These teachers did not delay the
teaching of reactivity and, as the course progressed seem to have
changed partially the basis o£ their teaching. Some topic questions
suggest a pooitive intervention by the teacher, others do not.

A swnmary of the ovarll.Zl results acaord:ing to the original etid

11lternat.ive lwalYlJis ot outcomes.

The original analysis of the overall results indicat~sl

1. The overall result of the phase 2 schools, with delayed teaching
(29%) is significantly better than that of ph~se 1 schools (24%).

2. The overall re llt of the phase 2 schools, with undelayed
teaching (25%) is not significantly di£ferunt from that of
phase 1 schools (24%).

3. The overall result of the phase 2 schools, with delayed teaching
(29%) is significantly better than that of the phase 2 schools
with undelayed teaching (25%).

An alt~rnative analysis of the outcomcs indicates:

1. The overall percentage achieved by tho phase 2 delayed group
(41~) nearly doubled when comparod to the overall percentage
achieved by phase 1 scheelo (23%).
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Table 1: SUll\l1laryof original and alternative analysi.s of outcome on

the reactivity questionnaire - phase 2 teaching undelayed

and phase 1

+-------------+----+-----------+----+----+----+-----------+----+---+I Concept IQ's I original I pip IQ's IAl'ternativa1 pip I
I I I I h I h I I I h I h I
I or 1& I outcome: I a I a 1& loutcomet I a I a I
I I I I SiB I I I sis I
I Misconcept- lopt-I Phase 2- I e I e lopt-I Phase 2- 1 e lei
I I I I I I I I 1 1
I tion lion I Teaching I 2 I 1 lion 1 Teaching 1 2 1 1 1
I I I I I I I I 1 I
I I I undelayed I % I % I I undelayed 1 % I % 1+-------------+----+-----------+----+----+----+-_ .._-------+----+---+
I catalyst 110 Ino change 17.2 17.5 11D Ino change 17.2 17.51
I I Iexpected I I I 1expected I I I
I I I I I I I 1 I I+-------------+----+----------w+---~+----+ + +----+---+
reactivity 12B [no change•• IG6 IGG 128 [nc chal'~e- 166 16G
series I Ino test of I I I Ino test of I I

I Irate link I I I Irate link I I
I Iexpected I I I Iexpected I I
I I I I I I I I+---~-_--_----+ + +----+-- __+----+------- + +-_-r

I spontaneous 13E Ioutcome 17.2 III 13E 10\ltcon,e 17.2 III I
I reaction I Inegative I I I Inegative I I 1
I I I I I I I I I I+-------------+----+-----------+----+---~+----+-----------+----+---+I exeZendc 1M Ino change 139 137 14A I improved 139 137 I
I I I I I I: I I I+-------------+----+----------~+----+----+----+------~----+----+---~I react:l.vit.y ISE I improved 137 I~ 151:: I improved 137 19
Ilink to rate I I I I I I I I
I +----+-----------+----+----+----+-------~---+----+---+I IGD Inegativl3 114 123 IGD Inegative 114 123 I
I I Ioutcome- I I I [outccme- I I 1
I I I faulty I I I Ifaulty I I I
I I Iquestion I I I IquentIcn I !
I I I I 1 I I I I
I +----+-----------+----+----+----+-----------+----+---,I 17C [ne change 119 119 17E* [acme 115 19
I I I I I I I improvementI I
I I I I I I I I I I+-------------+----+-----------+----+----+----+-----------+----+---+I single leE Inegative 112 117 18D* limproveu 130 144 I
I reactivity I Ioutcome I I I I I I I
I se~ieo I I I I I I I I I
I I I I I I I I I I+-------------+----+-----------+----+--_.+----+-----------+----+---+
11 indioates more appropriate option in tho light of the cOllccl,tunl

ohange course of.fered.
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STD
+----------+I I
I I+----------+

GRADE
+----------+i I
I I+-_._------+

caBMlCAL BDUCATION PROJECT

QUESTIONNAIRE ON CERTAIU ASPECTS OF CHBMISTRY

MULTIPLE -cnOICE QUESTIONS

ANSWER S~IEET

study each question and its suggested I.l.nswe:r:sindicated with the
letters A, a, C, D, and E. When you have decided on the most
appropriate al1swerI draw a CX'OBS over the corresponding letter on the
anElwer sheet
You may make UEle of the accompanying reaotivity series for the
metals, to answer some of the questions.

pr.EASE Bl\ND IN THE ANSWER SBEET AS WELL AS THE QUES'l'IONNAlRE

ANSWBRS

+-----+-----+-----+-----+-----+
1 I A B I C I DIE 1+-----+-----+-----+--~--+-----+
2 1 AlB 1 C 1 DIE 1+-----+-----+-----+-----+-----+
3 I AlB 1 C 1 DIE 1+ + + + + u_+
4 I AlB 1 C 1 DIE I+-----+-----+-----+-----+-----+
5 1 AlB I C 1 DIE 1+-----+-----+-----+-----+-----+
6 I AlB 1 C 1 DIE 1+-----+-----+-----+-----+-----+
7 I AlB 1 C 1 DIE 1+-----+-----+-----+-----+-----1
8 1 A I B 1 c 1 DIE 1+-----+-----+-----+-----+-----+

"
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QUESTION 5

In the following electrochemical cell representations ammeters Al
and A2 are connected with identical copper wires to the respective
cells.
The respective standard cell potentials are given below.

(1) cu2+
(2) c::u2+

+ Zn(s) -------> Zn2+
+ Pb(s) -------> I>b2+

-I<--.~--@-, salt bridge
I -+--~-+

') I I ( , r:

I Mil Il~b, .L::.L" ,.
, cu2+(aq) I I Pb2+(aq) I
.....~----:t-

(2)

+ cu(s)
+ Cu(s)

EO '" 1.1 V
EO :::: 0.47 V

From these data it can be concluded that:
A. Zn will go raster into solution than Pb.
a. pb w.u:t go .faster :into solution than Zn.
c. 'l'h~ammeter indicating the largel:current cannot be predicted.o. Higher cell voltage implies higher cell current.
E. None of the above statements is correct.

QUESTION 6

The standard red\.•..:.tionpotentials for the following half reactions
are given below.

li'2(g) + 2""-------> 2F-(aq) EO '"+2.87 V
C12(g) + 2e -------> 2Cl-(aq) EO ::: +1.36 V
Br2(g) + 2e ..------> 2Br-(aq) EO cs H.06 V
12(g) + 2e -----..._> 2r-(aCJ) EO t:: +0.54 V

The following information can be inferred from the data given.
A, Fluorine is the strongest reducing agent.
B. Fluorine will react raster than iodine when reacting with

sodium.
C. Iodine is the strongest oxidizing agont.
D. FlUorine acoepts electrons raster than iodine as io indicatod by

flUorine having a larger EO value.
E. None of the above statements is correot.



QUES'l':ION3
The standard cell potentials for the following hypothetical
reactions are given beJow:
(1 )
(2)

A + B -------> C + D
~ + F -------> G H

EO '" +1.1 V
EO ..-O.S V

From these data the following can be conoluded
I. Reaction 1 is a spontaneous :reaction and thet'afore a faster

reaction
!I. Reaction 2 is exothermic.
:III.Reaction 1 is slower than reaotion 2
tV. Adding a catalyst nan speed up the reaotion and thllo change the

EO value of the respective reaotiono.
V. None of the above statements is true.
Choose the correot statement(s)
A. III
B. :r & II
C. IV
D. V
E. I

QUES'l':ION4
standard cell potentials for the following reaotions are
given below.
(i)

(ii)
+ Ni(o)
+

From these data :l. t can be concluded tha t ;
A. Reaction (i) is faoter th1;\nreaction (ii) beoause the EO value

is larger.
B. Reaction (ii) is faster than reaction (i) because tho EO value

is smalle):.
c. Rellotion (i) io faoter because chlorine io a otronger oxidant

than bromine.
D. Ro£;otion (ii) is faate): beoause the concentration of Fe2+ io

twice the oonc£hlt:rationof Ni.
E. The faster of the two reaotions oannot be predioted.



MULTIPLE-CHOICE QUESTIONS
QUESTIONS

Qt.mSTION 1
The balanced chemical equation for the reaotion between hydrogen and
nitric oxide is

+

Given this equation decide how the rate of the reaction is
influenced by doubling the concentration of NO:
A. the rate of the reaction would be doubled.
B. the rate of the reaction would be four timet) greater.
c. the rate of the roaction would be halved.
D. there would be no effeot on the rate of reaction.
E. the illfluence on th~ rate cannot be pre:dicted from the balanced

chetn.~.calequation alone.

QUESTION 2

The chemical equations given below represent two hypothetioal
reactions.

A -----> c + o

D + E ----...-> F + G ~ H ~ +y kJ (2)

If the two reactions occur at thE'same temperature whioh one of the
following statements is correct?
I.
II.
IXI.
IV.
V.

Reaction 1 Occurs rapi.dly.
Reaotion 2 cccuzn slol'l'ly.
Reaction 1 .i.s alfY'llYs faster than l"e£1Ction.2.

Rea....ion :2 lIIay be fum.or than reaction 1.
Reaction (1) is opcnt.xneeua and rOilction (.2) .i.s non spontaneous.

choose the c~r~ect otatement(o)
A. In
B. I,n, vc. IV
D. V
E. I



CHEMXCAL EDUcATXON PROJECT

QUES'I'!ONNAlRE

PRELIMINARY REMARKS

'l'hepurpose of this qU(lstJ.onnaireis to determine the views of
pupil,!}pertaining to certain fundamental concr.:ptsrelated to
understanding of certain aspects of ch~miatry.
ThiEl questionnaire should take approximately 30 minutes t.:> complete.
Conoider the options carefully and take note of the words printed in
italics.

'I'ht\llkyou for your c:o-operation.
questionnaire. I trust that your
alternativQ concepts ~hnt you may
learning process more meaningful.

I will provide solutiono to the
participation will clarify any
have and consequently make your



Appendix B1

S'l'D
+----------, ,
I I
I I+----------+

GRADE
+----------+
I I
I I+----------+

CHEMICAL EDOCA'l'ION PRo..'TEC::'"

ASPECTS OF RATES OF REACTION AND CHEMICAL EQUILIBRIUM

QUESTIONN1\Illli

MULTIPLE -CHOICE QUESTIONS

ANSWER SHEET

Study each question and its Guggested answers indicated with the
letters A, a, Ct D, and E. When you have deoided on the most
approp:r:iateanswer Iellaw a cross over the corresponding letter on the
anSWel· sheet
QUestions 1- 7 are multiple choice questions
Questions e is an open ended question. (Space has been provided to
answer this question).

PLEASE HAND IN THE ANSWER SHEET AS WELL AS TUE QUESTIONNAIM

ANSWERS

+-----+-----+-----+-----+-----+1 I A I B I c I DIE I
+-----+-----+-----+-----+-----+

2 I A I B I c I DIE I
~ ----+-----+-----+-----+-----+

3 I A I a I c I D I ~ I
+-----+-----+-----+-----+-----+4 I A I B I C I DIE I+-----+-----+-----+-----+-----+S I A I B I c I DIE I
+-----+-----+-----+-----+-----+

6 I A I B I c I DIE I
+-----+-----+-----+-----+-----+7 I A I a I c I DIE I
+-----+-----+-----+-----+-----+
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QUESTION 7.

chlorine is bubbled at the same rate through solutions of KI and
Kar, in the respeotive test tubes (1) and (2). The solutions are of
equal conoentrations and of equal volume. From the halogen
reac'Civity series given below, the following can be oonoluded:

Halogen reaotivity series

(1 ) (2)

A. The reaotion in test tube (2) will be faster than that in teot
tube (1), beoause chlorine io higher up in the reactivity vel.'ies
from iodine than from bromine.

B. Tho reaction in test tube (1) will be faster than that in test
tube (2), beoause bromine is more reaotive than iodine.c. The speed at whioh the reaotion in the respective test tubes will
take place cannot be p.I;'edic::tedf.l;'omthe .l;'eactivityseries

D. The reaction of chlorine with both solutions will not be
spontaneous beoause no heat is supplied.

E. None of the above statements is correct.
QtmSTION 8

Which of the following otatements about the motal reactivity serieo
is true.
A. Elements high up in the series have a lot of energy.
B. Metals higher up in the !Jeries\'/'illreaot f.!lster with solutions

of motal salts than metals lower down.
c. Thoso metals immediately above hydrogen will reaot with dilute

aciclo to produoe hydrogen faster than a metal further up.
D. The o.l;'derof the ~eaotivity series for the metals never ohangeo

irrespeotive of the oubotanoeo they ~eaot with.
E. None of the above otatements io oorreot.

"



QUESTtON 7.

Chlorine is bubbled at the same rate through solutions of Kt and
KBr, in the respective test tub~s (1) and (2). The solutions are of
equal concentr.ations ~nd of equal volume. From th~ halogen
reactivity seri.es gl.ven below, the following can be concluded:

Cl'2(g) Halogen reactivity series

(

IKIaq I

(1 ) (2)

A. The.'reaction in test tube (2) will be fa.ster tha.n that..in test
tube (1), because chlorine is higher up in the reactivity series
from iodine than from bromine.

S. The reaction in test tube (1) will be faster than that in test
tube (2), because bromine is more reactive than iodine.c. The speed at which the reaction in the respective test tubes will
take place cannot be predioted from the reactivity series

D. The reaction of chlorine with both solutions will not be
spontaneous because no heat is supplied.

E. None of the above statements is correct.

QUESTION 8

~Ihich of the following statements about; the metal reactivity aez Lea
is true.

A. Elements high up in the series have a lot of energy.
B. Metals higher up in the series will react faster with solutions

of metal salts than metals lower down.
C. 'rhoae metals immediatelY above hydrogen will reaot with dilute

acids to prodUce hydrogen faster than a metal further up.
D. The order of the reactivity series for the metals never changes

irrespective of the SUbstances they react with.
E. None of the above statements is oorrect.

"



QUESTION 5.

J:.qualnUmber of moles of lead and zinc are placed in the same
concentrations of copper sulphate solutions in respectiv~ beakers.
(see diagram)

Zn ( l Pb r~
-----------1I cuS04 (aq) I

( 1) (2 )

The reactions in the respective beakers ar~ ~iven below

1. Zn( s )

2. Pb(s)
+ CuS04(aq) ---------> ZnS04(aq) + Cu(s)

+ CuS04(aq) ---------> PbS04(aq) + Cu(s)

Which of t.he fol.lowing statements can be inferred from the
aocompanying metal reactivity series:

A. Zinc w~ll react faster than lead with the copper sulphate
solution.

B. Zinc will react slower: than lead with the copper sulphate
solut.ion.

C. B'Jt.hmetals would react with the same speed
D. ~opper will be deposited more rapidly in beaker (1) than in

beaker (2) because zinc displaces copper ions faster than lead
does ••

E. None of the above statements is corr.'ect.

QUESTION 6.

consider the following statements about the metal reactivity series.

I. compounds of metals at the top of the series decompcae JnOl'e

readily than compounds of metals at the bottom.
:t:r. A reacti v.l.ty series is a series in which the metal reacting the

fastest is placed at the top.
III. A reactivity series predicts the relative speeds of reaction of

metals when reacting with any substanoe.
IV. A reaotivity seri~s gives no infor!nation as to '/OW fast a

reaotion of a metal would occur.

Which of the following statement would you consider. to be most
appropriate

A. I
B. II
C. I,II & III
D. IV
E. III



MULTIPLE-CHorCE QUESTIOPS

QUESTION 1

The following statements are given below:

I. A catalyst speeds up the rate of the reaction without taking
part in the reaction.

II. A catalyst increasee the _·'",.cldof the products in a reaction.
III. A catalyst initiates a reaction.
IV. A catalyst increaeee the rate of the reaction.

Which of the following statements do you consider to be definitely
appropriate.

A. I
B. II
C. III
D lV
~ III & IV

QUESTION 2.

Use the accompanying reactivity series for metals and hence choose
the most appropriate reeponse:

A. K reacts faster with oxygen than Na doee.
B. The least reactive metal is AU.
c. K will react with more oxygen than Na.
D. the reactivity series can be used to predict which metal

would react the faetest with sUlphur.
E. None of the above statements is correct.

QUESTION 3.

A spontaneous reaction is a reaction that

A. always gives off energy.
B. always absorbs energy.
c. takes place without any delay.
D. occurs without heating it.
:e. can occur., however it could be fast or slow.

QUESTION 4.

When Na is heated in a deflagrating spoon and then inserted in a
gas jar of oxygen there is a vigorous reaction with oxygen
accompanied by the emission of light. The reaction of Na with
oxygen can be considered to be

A. exothermic because energy is liberated in the form of light.
B. endothermic: because Na was h(;"ated before the reaction could take

place.
c. spontaneous because the reaction was rapid.
D. non spontaneous because Na had to be heated.
E. catalysed because the beae supplied was a catalyst for the

reaction,



CHEMICAL EDUCATION PROJECT

Qu.estionnaire

PRELIMINARY REMARYS

The purpose of this questionnaire is to determine the views of
pupils pertaining to certain fundamental concepts related to
understanding of certain aspects of chemistry.

This questionnaire should tak~ approximately 30 minutes to complete.
consider the options carefully and take note of the words printed in
it.alics.

Thank you for your co-operation.
questionnaire. I trust that your
alternative concepts that you may
learning process more meaningful.

r will provide solutions to the
participation will clarify any
have and consequently make your



REACTIVITY SERIES FOR METALS

K

Sa

Ca

Na

Mg

A1

Zn

Fe

pb

(H)

CU

Hg

Ag

AU



chi-sc;juar.e'rest

Std B & 10 responses per question to Std 8 questionnaire

'rable of Std by MegS7

std McgS7

Frequency 1
Percent I
ROW Pet 1
col Pet 1 01 11 Total

-------~--+--------+--------+8 1 327 1 84 I 411
1 50.62 1 13.00 1 63.62
1 79.56 1 20.44 I
I 62.88 I 66.67 I~---------+.~------~+~~~~~---+10 I 193 I 42 1 235
I 29.88 I 6.50 1 36.38
I 82.13 I 17.87 I
I 37.12 I 33.33 I~~--------+----~---+--------+Total 520 126 646

80.50 19.50 100.00

statistics for table of std by Mcq87

statistic DF Value Prob

chi ....Square
Likelihood Ratio chi-Square
continuity Adj. Chi~square
Mantel-Haenszel chi-square
Fisher'~ Exact 'rest (Left)

(Right)
(2-'rail)

1
1
1
1

0.627
0.633
0.474
0.1326

0.429
0.426
0.491
0.429
0.247
0.914
0.471

phi Coefficient
contingency Coefficient
cramer's V

-0.031
0.031

-0.031

sample s:i.ze t::I 646



chi-Squdre Test
std a & 10 responses per question to std 8 queotionnairo
~.ble of std by Maga6
atc1 Mcq86
Frequenoy!
Percent !
RoW Pct !
col Pct I 01 11 Total

------~---+--------+--------+8 I 316 I 9S I 411
I 48.92 I 14.71 i 63.62
I 76.~9 I 23.11 I
I 62.r8 I 69.34 I~w--------+--~-~~--+~---~-~-t10 I 193! 42 I 235
I 29.89 I 6.50 I 36.38
I 82.13 I 17.87 I
I 37.~2 I 30.66 i

Total 509
"9.79

137 64b
21.21 100.00

Stntiotico for table of Std by !Ii~C]8G

statietic OF

chi-Square 1
Likelihood Ratio C~i-Squaro 1
continuity Adj. Chi-Square 1
Mantol-Haenozol Chi-Square 1
fieher's Exact Toot (Loft)

(Right)
(2-Tail)

Phi coef.ficiont
co~tin90ncy coefficient
Crnmer'o V
sample Size ~ 646

Value

:>.459
2.506
2.155
:L4!iS

..0.062
0.062

-0.062

l?rob
0.117
0.113
0.142
0.11"
0.070
0.953
0.133



chi-Square Test
std 8 & 10 responses per question to Std 8 questionnaire
Table of std by Mcq85
std Mcq85
Frequency 1
Percent 1
Row Pt;t 1
Col Pct 1 01 11 Total

~---------+---~----+--------+8 1 373 1 38 1 411
1 57.74 1 S.C::. 1 63.62
1 90.75 1 9.25 1
1 64.53 1 55.88 1-~~-------+--------+-.------+10 1 205 1 30 1 235
I 31.73 I 4.64 1 36.38
1 87.23 I 12.77 I
1 35.47 1 44.12 1----------+--------+------~-+T,;,tul 578 60 646

89.47 10.53 100.00

Statistics fol;'tabls of Std by Mcq95
St~tiotic DF Value prQ~1
-------------------------------------.~----------------Chi-Squnre 1
Likelihood Ratio Ch,i-Squaro 1
Continuity Ad:l. ChiwSquare 1
Mantel-Haenozol Chi-Square 1
Fishor's Exuct Teot (~eft)

(Right)
(2-Tu11)

1.967
1.924
1.611
1.964

0.161
0.165
0.204
O.lGl
0.936
0.10S
0.183

Phi CoeHic;i.rll1t
contingency Coefficient
Crumor'o V

0.055
0.055
0.055

Sample Size c 646

'.



chi-Square Teot
std 8 & 10 reoponsoo per question to std 8 queotionnaire
Table o~ stclby Mcq84
Std Hcq84

ii'reCjuencyl
Percent I
RoW Pet I
Col Pct I 01 11 Total

8 1 258 I 153 I 411
I 39.94 I 23.68 I 63.62
I 62.77 I 37.23 I
1 64.66 I 61.94!----------+--------+~~---.--!10 I 141 I 94 I 235
I 21.83 I 14.55 I 36.38
I 60.00 I 40.00 I
I 35.34 1 38.06 I

Total 399
61. 76

247 646
38.24 100.00

Statiotico for table of Std by McqB4
statistic OF_ .. __ ... .. ,..t. .,..__ ~ .... _ ... """..... ........ __ ....... .. __Frob
Chi-Square
Likelihood RaUo chi-Square
continuity Adj. chi-Square
Mantol-Haenozol chi-Squar~
Fiohorfo EXact Teot (Left)

(Ri9ht)
(2-'1'£111)

1
1
1
1

Phi Cl;;officiont
contingoncy Coofficiont
ct'umorfe:,V
Sample Size ~ 646

Value
0.487
0.486
U.377
O.4fHi

O. ()2"

0.027
0.027

0.485
0.466
0.539
0.486
0.7B3
0.269
0.50.2



Chi-Square Test
std 8 & 10 responses per question to Std a questionnaire
Table of std by Mag83

Frequency!
Percent !
ROW Pdt I
col Pct I 01 11 Total

6 366 ! 45 I 411
56.66 I 6.97 I 63.62
89.05! 10.9S I

I 62.35 I 76.27 I_~w~ __ ~ + ~+~ 1

10 I 221 1 l4 I 235
! 34.21 I 2.;~ I 36.38
I 94.04 I S.~6 I
! 37.65 I 23.73 I

Total 58?
90.87

59 646
9.13 100.00

statistics for table of std by Mcq93
Statistic DF Prob
Chi-Squar!;'
Likelihood Ratio Chi-Sq\luro
Continuity Adj. rhi-Sq,lO.ro
Mantel-HaonDlol cni-s;uoro
Fiohor 's Exact 'root (Left)

(Right)
(2-TOi1)

1
1
1
1

phi cooffieiont
Contingoncy Coefficient
Cl:'amct"c..,
sample Size'" 646

4.489
4. I, 4
3. ~ )7
4.4fl2

-0.083
0.083

-0.083

0.034
0.029
0.048
0.034
0.02::
0.990
0.034



Chi-squarE) 'rest

Std 6 & 10 responses per question to std 9 qUestionnaire

Table of Std by Mcq92

std Mcq82

Frequency 1
Percent I
RoW Pet I
Col Pet 1 01 11 Total----------+--------+--------+

6 141 I 270 1 411
21.93 I 41.80 1 63.62
34.31 I 65.69 I
59.51 1 66.67 I_________ M+__ ~_~ ___ +w_______ +

10 100 1 135 I 235
15.48 I 20.90 I 36.39
42.55 I 57.45 I
41.49 I 33.33 I_____ ~____ +________ +w____~__+

Total 241 405 646
37.:n 62.G9 100.00

statistics for table of Std by Mcq9:

statistic PF___ " ~ __ ~ M •• _Prob

Chi-square 1
Likelihood Ratio Chi-square 1
Continuity Adj. Chi-square 1
Mantol-Haenozel Chi-Square 1
li'iaherI s Exact Teot (I,eft)

(Right)
(2-Tail)

Phi Coeffident
contingency Coefficient
Cramor's V

Sample Size Q 64G

value

4.347
4.320
4.002
4.3H

-0.082
0.092

-0.092

0.037
0.039
0.045
0.037
0.0.23
0.985
0.042



APPBNDIX D1

COMPARISON OF 'raE STANDARD 8 AND 10 RESO-LTS ON TaB S'l'ANDARD8
REACTIVITY QUESTIONNAIRE

chi-squared teot

Table of std by Mcq81

Std 8 ~ 10 responses per question to Std 8 questionnaire

std Mcq81

Frequency I
Percent I
Row Pdt I
col Pdt I 01 11 Total--~-~~--~-+------~-+~-----~-+8 I 390 I 31 I 411

I 58.82 I 4.80 I 63.62
I 92.46 I "1.54 I
I 63.44 I 65.96 I---~----.~+--~-----+---~----+10 219 I 16 I 235

33.90 I 2.48 I 36.38
93.19 I 6.81 I
36.5Ei I 34.04 I---------+--------+--------+Total 599 47 646
92.72 7.28 100.00

statistics for table of Std by MCQ8l

statistic DF Frob

Chl-Sql\are
Likelih~od Ratio Chi-square
contit\uity Aclj. Chi-Square
Mnntel-Hnenozol Chi-square
Fishe~'u EXaot Teat (Left)

(Right)
(2-Tail)

1
1
1
1

phi ooofficiont
contingency Coefficiont
Cramor'o V

Sample Size ~ G4G

Vahle

0.119
0.120
0.035
0.119

-0.014
0.014

-0.014

0.730
0.729
0.851
0.730
0.430
0.689
0.875



APPENDIX Dl



2.5.2.2 Halogens.
The reaction of iodine with sodium and/or aluminium and with
zinc (demonstrationa).
Reactions of the halide ions (except FM) with halogens
except(F2). The relative reactivity of the halogens. The
colours of solutions of the halogens (except F2) in
chloroform, cS21 xylene etc.

Minimum Practical Work : physical science Higher Grade
T implies to be done by the teacher.
P :tmpliesto be done by the pupil.
standard 8
Aim of Experiment Type
25.Investigate the burning of lithium, sodium, potassium

calcium, mc..gnesium,iron and copper in oxygen and
the properties of the products. T

26.lnvestigate the thermal decomposition of
copper(II) oxide, magnesium(II) oxide, lead(IV) oxide
and mercury(II) oxide. T

27.Investigate the reaction of sodium, potassium, calcium and
magnesium and COp1'el'with wllter. T

28.Inveotiga.te the reaction if any, of each of the metals:
iron, ai.ncI magnesium and copper with solutions of salto
of each of thece mlJ'!;a.lshad hence arrango them in an
aativity series. T

29.Inveotigate the burning of carbon, phosphorus and SUlphur
in oxygen and the properties of their pl'ocillctO. '1'

3D.Investigate the reactions of iodine with sodium, aluminium
and zinc. T

31.Investigate the reactions of:
31.1 solutions of sodium bromide and sodium iodide with

chlorine water. PiT
31.2 solutions of sodium iodide with bromine water

and hence arrange these halogens in ordor of
reaC't:iv.ity



Appendix 01

SyllabuG standard 8.

2.5 chemical Reactions Of certain metals.
Bal.anced equations must be written for all chemical equations
which are studied. Balancing is clone by counting atoms on both
sides of the arrow.
A.ttention ahcu Ld be drawn to the fact that some reactions take
place spontaneously and others do not.

Where necessary when sections 2.5.1 and 2.5.2 (chem:cal
reactions) are dealt withl a brief reference can be made to the
periodio table without going into too much theory (example
eleotron structure)

2.5.1 Reaction of metals
2.5.1.1 Reactions with oxygen

Buruing of lithium, sodium. potassium, calcium, magnesium,
iron and copper in oxygen
The influenoe of solutions of metal oxide on an indicator
(example litmus or brcmochymo), blue)
Heat.ing of copper(II) oxide, magnesium oxide, lead(IV)
oxide, mercury(II) oxide (the latter by demonstration
only using a fume cupboard)
Observation of those giving off oxygen and how readily it
is rel.eased

2.5.1.2 Reactions with water
Reaotions of, sodium, potassium, calcium, magnesium,
iron, copper with water, noting the rate at which these
elements release hydrogen.
Arrangement of the metals in a .t'oughactivity series
'from thtl evidence collected. Attention should be drawn to
the similarities of properti~s of group I metals (alknli
metals)

2.5.1.3 Reactions with solutions of metal salts.
The addition of each of the metals iron, zinc, magnesium
and copper to solutions of salts of each of these metals
and arrangement in an activity series.
In some cases an increase in temperature is detectable.This
indicates a release of energy.

2.5.2 Reaction of non metals

2.5.2.1 carbon, phosphorus and sulphur
The reaction of each with oxygen only.The acidity of aqueous
solutions of the oxides is noted.using an indicator. (s.g.
bromothymol blue)
carbonic acid and sulphurous ncids as solutions of C02 and
s02 respectively.
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QUESTION 7

In the equilibrium reaction represented by the fol~owin9 equation

+ .D. H = -92kJ

increasing the temperature of the system:

A. Increases the rate of the forward reaction
B. Increases the rate of the reverse reaction .. 1..1,,)

c. Increases the rate of both the forward am e." .'~.. reactions.
D. Decreases the rate of the revet'se reaction s .......c , t:.hereverse

reaction is endothermic.
E. Has no effect on the rates of either the forward or the reverse

reaction.

B. Explain in about five lines what you understand by the following
term(s) •

S.l Reactivity

8.2 Reactivity series



All Schools: std 8

Question 6

Answer Frequency Percent
1

A 31 7.6
B 95 23.2
C 143 34.3

*0 95 23.2
E 44 10.4
X 2 0.5

Question 7

Answer Frequenoy Percent
3

A 55 13 .5
)3 185 45.3

*c 84 20.6
0 42 10.3
E 36 9.3
X 4 1.0

Question 8

Answer Frequency percent
2

A 41 10.0
l3 92 22.5
c 25 6.1
0 lB1 44.3

*E 70 17.1

Std. 8 questionnaire
std a's X'Psponoeo p"r school.
School: school no.l, std 8

Queotir.>n1
Ano\'/er Frequency :Percent

A 106 83.5
C 3 2.4

*D 9 7.1
E 9 7.1



std. e questionnaire
std 8's respOhses all schools.

Queatioh 1

AnSwer Frequency Percent
A 324 76.8
B G 1.5
C 11 2.7

\\'0 31 7.5
E 39 9.5

Quootion :2

Answer Fl:'equency Percent
1

A 65 15.9
*13 270 65.9
c 16 3.7
0 30 7.3
E 27 6.6
X 3 0.7

QUestion 3

An o\110r Frequency Percont
A 32 7.8
B 10 2.4
c 240 58.4
0 84 20.4

*E 45 10.9

Question 4

Answer Frequency percent
2

*A 153 37.4
13 95 23.2
C 55 13.4
D 45 11.0
E 59 14.2
X 3 0.7

Question 5

Anower Frequency Peroent
A 124 30.2
13 21 !3.1
C 72 17.5
0 154 ar.s

*E 38 9.2
X 2 0.5



COMPARISON OF DIFFERENT SCIWOL RESULTS F'OR STD 8 REACTIVUY
QUESTIONNAIRE- STD 8 AND STD 10 STUDENTS

T tests (LSD) for variac
General tinear Models Procedure

Toteight
NOTE: This tozt oontrolc ths type I oomparisonwioe errQr rate not

the experimentwioe error rate.
Alpha~ 0.05 Confidence= 0.95 dfo 640 MSE= 1.391754
Critioal Value of To 1.96369
com)?£I:d.sonosignifIcant at the O. 05 lev~l are indi.::ntedby ,***, •

School
comparison

school no.5 - school no.2
School no.5 - School no.1
School no,S - school no.&
School no.S - school no.4
school no.S - School no.3
School no.2 - school no.5
School no.2 - school no.1
School no.2 - school no.6
School no.2 - School no.4
School no.2 - school no.3
School no.1 - school no.5
School no.1 - School no.2
school no.1 - School no.6
school no.l - School no.4
school no.l - school ~).3
school no.6 - Sahael no.5
school no.& - School 00.2
School no.6 - School no.l
school no.6 - S~hool no.4
school no.6 - school no.3
School no.4 ..School no.5
School no.4 - Sahool no.2
School no.4 - school no.l
school no.4 - school no.6
school no.4 - school no.3
School no.3 ~ school no.5
School no.3 - School no.2
School no.3 - school no.l
school no.S - school no.6
School no.3 - School no.4

I ~

'.

Lower
Confidenc::e

Limit
0.22JO
0.3059
0.2357
0.4064
0.6750

-0.7782
.·0.1697
.0.2480
-0.0719
o .1~H5

-0.8638
-0.3391
-0.3335
-0.1575
0.1090

-1.0915
-0.5760
-0.4910
-0.3774
-0.1000
-1.0528
-0.5:n8
-0.4469
-0.5093
-0.0729

-1.3907
-0.8719
~0.7!l70
-0.8385
-0.6'7%

Difference
Between
Meano

0.4996
0.5848
0.6636
0.7296
1.0329

-0.4996
0.0852
0.1640
0.2299
0.5332

-0.5948
-0.0652
0.0788
0.1447
0.4480

-0.6636
-0.1640
-0.0788
0.0659
0.3692

-O.72ilG
-0.2299
,·0.1447
.O.OSS!)
0.3033

··1.0329
-0.5332
.0 ••)480
-0.3G92
-0.30;)3

Upper
confidenc::e

Limit
0,7782 ~,**
0.8638 ***
1.09',5 ~,**
1.0528 ***
1.3907 ***

-0.2210
0.3391
0.5760
0,5318
0.8719

***

***

-0.3059
0.1687
0.4~10
0.4469
0.7870

***

***

..0.2357
0.2460
0.3335
0.5093
0.8385

-0.4064
0.0719
0.1575
0.37'14
0.6795

***

-0.6750
··0.1945
.0.1090
0.1000
O.0129



COMPARISON OF OI~FERENT SCHOOL RESULTS FOR STO 8 REACTIVITY
QUESTIONNAIRE~STD 8 AND STD 10 STUDENTS

General Linear M~d~ls Procedure
Class Level Information

class Levels Values

school G school no.5 School no.4 School no.2 school no.3
school no.1 School no.6

Number of observations in data set c 646

COMPARIsoN OF DUFERENT School RESULTS :FOR STO S QUES'l'IONNAIRE
STO a AND STD 10 STUDENTS

General Linear Models procedure

Dependent Variable: TOTEIGH'r
Sum of Mean

Source OF Squareo Square F Value Pt' > F

Model 5 54.546619 10.909324 7.84 0.0001

ll;j:ro,t" 640 890.722731 1.391754

Correcr.ed Tota.l 645 945.269350

R~Square C.V. Root NSE Toteight Nean

0.057705 64.4757<1 1.1797 1,8297

SoUrce DF Type :c ss Mean squat'e F Value l?r > F

school 5 54.546619 10. $'09324 7.64 0.0001

Source OF Typo XII 5S Moan S'qua:t·oF ValUe l?.!: > F

School 5 54.546619 10.909n4 7.84 0.0001

"



COMPARISON OF DIFFERSNT SCHOOL RESULTS FOR STD 8 QUESTIONNAIRE
REACTIVITY - ONLY STD 8 STUDENTS

General Linear Models Procedure

T tests (LSD) for variable: Toteight

NOTE: This test controls the type I eomparisonwise error rate not
the experimentwise error rate.

Alpha~ 0.05 confidence= 0.95 df= 405 MSE= 1.321951
critical value of T= 1.96584

comparisons signifieant at the 0.05 level are indicated by 1***'.

School
comparison

School no.5 - school no.1
snhoo1 no.5 - School no.2
School no.5 - school no.6
school no.5 - school no.4
school no.5 - school no.3

School no.1 - School no.5
School no.1 - school no.2
school no.l - schooL no.6
School no.1 - school no.4
School no.1 - school no.3

School no.2 - school no.5
school no.2 - school no.1
School no.2 - school no.6
School 00.2 - sehool no.4
School no.2 - School no.3

school no.6 - Schnol no.S
school no.6 - school no.1
school no.6 - school no.2
school no.6 - school no.4
school no.6 - school no.3

school no.4 - School no.5
School no.4 - School no.1
School no.4 - School no.2
Sohoo). Ho.4 - School no.6
School no.4 - schooL no.3

School no.3 g School no.5
School no.3 - School no.1
School no.3 - School no.2
School no.3 - School no.6
School no.3 - school no.4

'.

Lower
Confidence

Limit

0.6208
0.6247
0.3258
0.8305
0.9638

-1.2819
-0.2807
-0.6033
-0.0849
0.0439

-1.2984
-0.3011
··0.6168
-0.1005
0.0290

-1.6433
-0.6697
-0.6628
-0.4217
-0.2695

-1. 6G83
-0.6910
-0.0763
-0 dlS14
-0.3236

-1.9101
-0.9272
-0.9::17
-1.1733
-0.699G

Difference Upper
Between Confidence
Means Limit

0.9514
0.9616
0,9846
1.2494
1.43G9

-0.9514
0.0102
0.0332
:).2981
0.4856

-0.9616
-0.0102
0.0230
0.2879
0.4754

-0.9846
...0.0332
-0.0230
0.2649
0.4524

..1.2494

...0.2981
-0.2879
...0.2649
0.1875

-1.4369
-0.11956
-0.4754
-0.4524
-0.1875

1.2819
1.2984
1.6433
1.6663
1.9101

-0.6208
0.3011
0.6697
0.6810
0.9272

-0.6247
0.2807
0.6628
0.6763
0.9217

-0.3258
0.6033
0.6168
0.9514
1.1733

-0.830S
0.0849
0.1005
0.4217
0.6986

.·0.9638
-0.0439
-0.0290
0.2685
Of':" ,';(:;

***
***
***
***
*'*11

***

***
***

***
***

***



COMPARISON OF DIFFERENT SCHOOL RESULTS FOR STD 8 QUESTION~AIRE
REACTIVITY - ONLY STD 8 STUDENTS

General Linear Models Procedure

T tests (LSD) for variable: Toteight

NOTE: This test controls the type I comparisonwise error rate not
the experimentwise error rate.

Alpha= 0.05 Confidence~ 0.95 df= 405 MSE= 1.321951
critical Value of T= 1.96584

comparisons significant at the 0.05 level are indicated by '***'.

schce),
comparison

School no.5 - school no.l
School no.5 - school no.2
school no.s - School no.6
School no.5 - school no.4
school no.S - school no.3

school no.l - school no.5
school no.l - school no.2
school no.1 - Scho~l no.6
School no.l - school no.4
school no.l - School no.3

School no.2 - school no.5
school no.2 - school no.l
School no.2 - school no.6
School 00.2 - School no.4
School no.2 - school no.3

school no.6 - school no.S
school no.6 - school no.l
School no.6 - school no.2
school no.6 - school no.4
School no.6 - school no.3

school no.4 - school no.5
school no.4 - school n~.l
School 00.4 - School n~ 2
School no.4 - school nc ,6
sch~ol ~o.4 - scho~l no.!

Scho~~ no.3 - Snhool no.5
School no.3 - school no.l
School 00.3 - school no.2
School no.3 - Cahool no.6
School no.3 - school 00.4

'.

LOWer Difference
Confidence Between

Limit Means

0.6208
0.6247
0.3258
0.8305
0.9638

-1.2819
-0.2807
-0.G033
-0.0849
0.0439

-1.2994
-0.301\
-0.G168
-0.l005
0.0290

-1. 6433
-0.6697
-0.6628
-0.4217
-0.2685

..1.6683
_fI 6810
~l 6763

-0.9514
-\).3236

-1.9101
-0.9272
~OdJ217
~1.1733
~O.69BG

0.9514
0.9616
0.9846
1.2494
1.4369

"0.'~514
0.0102
0.0332
0.2981
0.4856

-0.9616
-0.0102
0.0230
0.2879
0.4754

~0.9846
-0.0332
_••0230
0.2649
0.4524

-1. 2494
-0.2981
"0.2679
~0.2649
0.1875

-1.4369
-0.4856
-0.4754
-0.4524
-0.1875

Upper
confidence

Limit

1.2619
1.2984
1.6433
1.6683
1.9101

-0.6208
0.3011
0.6697
0.6810
0.9272

-0.624~
0.2801
0.6628
0.6763
0.9217

-0.3258
0.6033
0.6168
0.9514
1.1733

-0.8305
0.0949
0.],005
0.4217
0.6986

-0.9638
-0.0439
-0.0290
0.2685
0.3236

.:**
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***
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***
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****'1:*
**'11



COMPARISON OF DIFFERENT SCHOOL RESULTS FOR STD 8 QUESTIONNAIRE
REACTIVITY ONLY STD 8 STUDENTS

General Linear Hodels Procedure
Close Lovel Information

ClaEle Levels Values

School 6 school no.5 school no.4 School no.2 school no.3
school no.1 School no.6

Number of observations in data set c 411

COHPARISON OF DIFFERENT SCHOOL RESULTS FOR STD 8 QUESTIONNAIRE
ONLY sro 8 STUDENTS

General Linear Models procedure

Dependent Variable: Toteight
.m of Mean

Source DF ,ares Square F Value Pr > F

Model 5 75.456528 15.091306 11. 42 O.OOOl

Error 405 535.390187 1.321951

correoted Total 410 610.846715

R-Square C.V. Root MSE Toteight Mean

0.123528 60.12111 1.1498 1.9124

Souroe DF Type I 5S Mean ~quare F Value Pr > F

sohool 5 75.456528 15.091306 11.42 0.0001

Source DF Type III 55 Mean square F Value Pr > F

School S 75.456528 15.091306 11.42 0.0001



Std.8 questionnaire: std 8 and std 10 students only

Analysis Variable: Toteight.

schoolcschool no. 1

N Mean std Dev Minimum Maximum

166---------------------------*--------------------------o 5.00000001.7710843

sohooloSohool no.2

N

167

Mean

1.8562874

SohooloSchool no.3

N

65

Mean

1.3230796

school=Sohool no.4

N Mean

1.2192924

std Dov

1.1836000

std Dov

0.9203887

Std Dov

Minimum

Minimum

Minimum

Maximum

o 6.0000000

Maximum

o 3.0000000

Maximulf.

91--------------~---------------------~-----------~------o 6.00000001.6263736

Sohool=Sohool no.5

N Mean

1.0290055

Stcl Dov Minimum Maximllm

118
~~--------------~-~~--------~----------~----~----------o 6.00000002.3559322

School~School no.S

N Mean

1.3108712

stcl Dov Minimum Maxi:nUlI'I

39---------------~---------------------------------------o 5.00000001.6923077 1.2804984
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APPENDIX El

COMPARISON OF DIFFERENT SCHOOLS RESULTS FOR THE STANDARD a
REACTIVITY QUESTIONNAIRE

Std.B questionnaire: std B students only

Analysis Variable : Toteight
std=S School=school no. 1

Mean Std DeV' Minimum Maximum.
-------- ._-------------------"- --------~-------------
127 1.B188976 1.1711975 o 5.0000000

School~school no.2
N Mean std Dev M.inimum Maximum

------------~-------------------------------------,-----1.15 1.8086957 1.1839249 o 6.0000000

School=school no.3

N Mean std DeV' Minimum Maximum.
33 1.3333333 0.924a14 o 3.0000000

School=School no.4

Mean Std Dev Minimum Maximum

48 1.5208333 0.9B90805 o 4.0000000

School=school no.S
N Mean Stcl Do\' Minimum Maximum

74 2.7702703 1.211nSl o 6.0000000

N Mean atc! Dev Minimum Maximum
14 1.7857143 1.3114039 o 4.000000
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students t-test

std 8 & 10 responses to std a qUestionnaire

Ttest procedure

Variable; toteight

std N Mean Std Dev std Error

a
10

411
235

1.91240876
1.68510638

1.22060233
1.181585G9

0.06020781
0.07707815

variances T DF Prob> abe. T

Unequal
Equal

2.3240
2.3035

500.4
64.1.0

0.0205
0.0216

For HO; variances are equal, w' = 1.07 OF = (410,234)
l?.r<.tp>F' = 0.5837



dhi-square Test

std 8 & 10 responses per question to std 8 questionnaire

Table of std by McqB8

std Mcq88

Frequency \
Perc~nt \
Row Pot \
Col Pet I 0\ 11 Total

----------~--------+--------+8 1 341 1 70 1 411
1 52.79 I 10,84 I 63.62
1 82.97 I 17.03 I
1 61.~€ I 75.27 I

----------+--------+-------~+10 212 I
32 .82 I
90.21 I
38.34 I

23 I
3.56 I
9.79 I

24.73 I

235
36.38

_______ ~w_+--------+--------+
Total 553 93 646

85.60 14.40 100.00

statistics fOl' table of std by Mcq88

statistic OF
--------------------~--------------------~-----~------

Prob

Chi-Square
Likelihood Ratio chi-Square
Continuity Adj. Chi-square
Hantel-Haenszel Chi-Square
Fa.shel"'s Exact Test (Left)

(Right)
(2-Tail)

1
1
1
1

Phi coefficient
contingency Coefficient
Cramer's V

Sample Size = 646

Value

6.367
6.693
5.793
6.357

-0.099
0.099

-0.09S

0.012
0.010
0.016
0.012

7.0SE-03
0,997
"'..;14



All. schools, std 10
Question 6

Answor Frequency Percent
A 62 26.4
B 29 11.9
C 30 12.9
D 69 29.9

*E: 43 18.3
x 4 1.7

Queotion 7

Anow.~r Frequency Parcent
A 42 17.'}
B 71 30.2

*e 79 33.6
0 27 11.5
E 16 6.6

~td 10 ~esponseo to stcl 9 quootionnuire: All oohoolo
QUestion 1

Answel: Frequenoy PE'~roent
A 177 75.3
B 8 ~L4
C 1 0.4
*0 16 6.9
E 33 14.0

Queotbn 2

Answer
A

*73
C
o
I!:
X

Frequency
35
135
13
21
26
5

Peroen't:
14.9
57.4
5.5
a, 9

11.1
'2.1

~ueotion 3

AnlJwcr Froguency Pel:cent
A 4 1. (
S :J 1.3
C 1~7 54.0
D 67 37.0

*E 14 6.0



APPl.mDIX F1

STD 10 RESULTS FOR STD 10 RATE lillD EQUILIBRIUM
QUES'I'!ONNAlRE

Std 10 queotio~nBiro

"1 ~ohools, std 10's
Quostion 1

Answer )i'rQCj~lQncy poreent
A 84 35.7
a 36 15.3
0 23 9.8
D 34 14.'3

*E 58 24.7

Quootion a
Anower FroqUGMY Percont

l\ 29 12.3
l3 82 34.9

*0 53 22.6
D 53 22.6
E 17 7.2
X 1 0.4

Q~lOotic:m3
Anower Froquency Pot'cont

l\ 14 s , 0
El 'lO :->'9.8
0 33 14.0
*0 70 29.tl
E 47 20.0
X 1 0.4

Quostion 4

Anowcr FroC]uenc:y PUl'c:ant
11 66 28.
B 29 12.3
C 48 20.4
0 14 6.0

*E 76 32.3
X 2 0.9

Q\lootion 5

Anowol." Ft'oquonoy Peroon'c
11 83 3!1.3
13 25 ),0.6

'itO 13 !ltS
0 64 27.2
E 50 21.3
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80hoo11 Sohool 1'10.6,std e
QueoUon 4

Anower
*A
13
Ii)

Frequonc:y
7
4
3

Per,':!ent
50.0
28.6
21.4

Sohooll Sohool 1'10.6,Std 8
Question S

Anower
A
13
c
D

*E

!frequency
3
:I
G
1
1

Percent
21.4
21.4
42.9
7.1
7.1

School; School 1'10,6, atd B
Question G

Answer lI'requcney Poroent
A .2 14.3
B 2 14.3
C 5 35.7

*0 3 21.4
E 2 14.3

Sohool: School no.6, Std e
Question 7

Anowor
A
a

*0
o
III

Froquoncy
6
1
3
1
3

Porcent:
4:20 9
7.1

21.4
7.1

21.4
~chooll school no.6, std e

QUeotion 8
Anowor Frequoncy l?oroo11t

A 1 7.1
II 2 14.3
0 10 71.4

'tE 1 7.1



school: school no.5, std 8
Queotion 6

Answer FrequeUdY Percent
A 3 4.1
B 16 21. 6
C 22 29.7

*0 25 33.8
E 8 10.8

school: school no.5, std 8
QU(lotion 7

AnsWer Frequency Percent
A 2 2.7
B 34 45.9
*0 23 31.1
0 5 6.8
E 7 9.5
X '3 4.1

Schooll School no.S, std 8
Quootion a

AnoW(er
A
B
C
o

*E

Frequency
6
5
5
23
35

Poreont
8.1
G.8
6.8

31.1
47.3

Schooll School no.6, Std 8
QUI,otion

Al~ower
A
c

Frequoncy
13
1

Peroont
92.!)
7.1

School: School no.6, Std e
QUeotion 2

AnoWer
A

*B
C
E

Frequonoy
1
10
:2
1

Percont
7.1
n.4
14.3
7.1

School: School no. s, S'ccl e
Queotion 3

Anowo);'
A
C
o

Fl:0'lUcnoy
2
10
:2

Percont
14.3
71.4
14.3



Sohool: school no.S, Std 8
QUOl:-tion1

AnsWer
A

*D
E

Frequency
59
3
12

percent
79.7
4.1

16.2

Sohool: School no.5, std 8
Question 2

AnSWer
A

"")3
C
o
E

Frequenoy
9
56
1
5
3

Percent
12.2
75.7
1.4
6.8
4.1

School: School no.5, Std a
QUefJtion 3

Answer Froquen::y Percent
A 4 S.4
B 1 1.4
C 54 73.0
D 9 12.2

*E 6 8.1
School: School no.5, std 8

QusEltion Ij

AnSWer Frequoncy Percent
*A ilt' 62.2
B 10 13.5
C 9 12.2
D 4 5.4
E 5 G.8

School: School no.5, Std 8
Quootion 5

AnoWer Fl.·s'quonoy POl..cent
A ~2 2S)' 7
B ,2 2.7
C '7 9.5
0 31 41.9

*E 11 14.9
X 1 1.4



S~hool: School 00.4, Std a
Qllestion <)

Answer Frequenoy Percent
:2

itA 19 39.1
B 10 21.7
C 12 26.1
0 4 8.7
E 2 4.3

School: School no.4, std 9
QUestion 5

AnS\~er Frequency Percent
11 15 31.2
B 3 6.3
C 4 9.3
D 20 41.7

'l:E 6 12.5

Sahool: School no.4, ltd 8
QUestion 6

Anawer
A
13
C

*0
E

FreCjuenoy
1
13
27
2
5

Peroent
2.1

27.1
56.3
4.2

10.4

Sohool: Sohool no.4, Std 9
Quention 7

Answer
A
13

*c
o
E

ll'requenoy
1
S
18
9
3
9

Percent
J".O
39.3
19.1
(L4

19.1

School: sohool no.4, Std B
Question a

Answer FrequOtll:Y Fel.·mmt
A 8 16.7
B 17 35.4
c :.; 6.3
D 15 31.2

*E I" 10.4,)



school: School ho.3, std a
QUestion 7

AnsWer Frequency Percent
A 4 12.1
a 21 63.6
~·c 4 12.1
P 2 1,,1
E 2 15.1

School: school no.3, std a
Question B

Ant:lwer Frequency l?ercent
A 1 3.0
13 6 18.2
c 1 3.0
)) 20 60.6

*E 5 15.2
School: school no.4, std 8

Question 1
Answer Froquenoy l?ercent

A 36 75.0
13 2 4.2
c 1 2.1

*0 4 8.3
E 5 10.4

School: Sohool no.4, std B
Question 2

Answer Prequenoy Peroent
A 16 33.3

*B 215 54.~
c 1 2.1
)) 3 6.3
E 2 4.2

Sohool: Sohool no.4, Std 8
Question 3

Answer Freql,ency l?ercent
11 5 10.4
'13 3 6.3
e 25 52.1
I) 12 25.0

'liE :3 6.3



Sohool: sohool no.S, std a
QUestion 1

Answer :Frequenoy Peroent
A 27 81.8
B 2 6.1

*D 1 3.0
E 3 9.1

School: Sohool no.3, std a
QUestion 2

Answer Frequency Percent
A 3 9.1

*B 21 63.6
C 1 3.0
D 6 18.2
E 2 6.1

School: school no.3, std 8
Question 3

Answer Frequency Percent
A 2 6.1
B 1 3.0
C 21 63.6
D a 24.2

*E 1 3.0
School: school no.3, Std 8

Question 4
Anowm,- Frequency l'ercent

*A 7 21.2
B 5 15.2
C 7 21.2
D G 18.2
E 8 24.2

School: school no.S, Std a
Q\teot;!,on5

Answor Frequency Percent
A 8 24.2
~ 2 6.1
C 10 30.3
0 1;) 36.4

*E: l. 3.0
Sohool= School na.3, std e

QUltl.'lt.1ofl6
Anrmer FrequonclY

JI, 2
13 12
C 12

*0 4
E 3

l?el:cent
6.1

36.4
36.4
12.1
9.1



School: school no.2, std 8
Question 4

AnsWer Xo'requency Percent
*A 47 40.9
B 13 11.3
c 2l. 18.3
0 14 12.2
E 18 15.7
X 2 1.7

school: School no.2, std 8
Question 5

Answer Frequency Percent
A 27 23.5
B 2 1.7
C 17 ,~.8
D 60 52.2

*E a 7.0
X 1 0.9

School: School no.2, std 8
Question 6

Answer Frequency Percent
A 10 8.
B 22 19.J.
C 46 40.0

*D 23 20.0
E 13 11.3
X 1 0.9

School: School no.a, Std 8
Question 7

Answer l"reCJu~ncy J?l~l.·cent
l\ 9 7.8
13 62 53.9

*c 21 18.3
D 14 12.2
E 9 7.8

School: school no.2, std 8
Q:.lElsti.on8

AnSWer Frequency l?ereent
A 12 10.4
B 28 24.3
C 8 7.0
0 57 49.6

*E 10 8.7



school: school no.1, std 8
Question 7

Answer Frequency Percent
2

A 26 20.8
a 49 39.2

*0 24 19.2
0 17 13.6
E 8 6.4
X 1 0.8

SchooL: School no.1, Std 8
QUestion 8

Ans'lI'el:' Frequency Percent
2

A 13 10.4
13 34 27.2
0 8 6.4
0 56 44.8

*E 14 11.2

School: School no.2, Std 8
Question 1

Answer prec.tuencj Percent
A 83 72.2
13 2 1.7
C 6 5.2

'11'0 14 12.2
E 10 8.7

School: school no.2, std 8
Question 2

At1swer ll'requenoy Percent
A 16 1'3.9

*a 67 58.3
0 3 2.6
0 13 11.3
E 14 12.2
X 2 1.7

school: School no.2, std 8
Question 3

Answer frequency Percent
A 9 7.8
B 5 4.3
0 55 47.8
0 28 24.3

'liE 19 15.7



school: School no.1, std B
Question 2

Answer Frequency Percent
1

A 20 15.9
*8 90 71.4
c 7 5.6
0 .3 2. ,
E 5 4.0
X 1 O.B

school: School no.l, std B
Question 3

Answer Frequency Percent
A 10 7.9
c 7S 59.1
0 25 19.7

*E 17 13.4

school: School no.1, Std a
Ques'~ion 4

Answer Frequency Percent
*A 28 22.0
8 53 41.7
C 6 4.7
0 17 13.4
E 22 17.3
X 1 O.B

school: school no.1, std B
Question 5

AnsWer Frequency Percent
A 49 3B.o
8 9 7.1
C 2B 22.0
D 30 23.6

*El 11 B.7

school: 30hool no.I, Std B
Queoti,on 6

Ans\.,er Frequency Percent
1

A 13 10.3
8 30 23.8
c 31 24.6

*D 38 30.2
E 13 10.3
X 1 O.C


