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completlon of the course. Three teacherxs did not de.ay T'he teaching

of reactlvity to their atudents,

The outcoms of the teaching on the delayed and undelayed groups of
students in phase 2 was tested uslag the reactlvity guastionnalre.
Tha gtudents whoge taaching was delayed performed Letteyr than the
others, A comparison was aleso made with the phase 1 standard g
studenta. Pogitive evidence was obtained of the effectivecrsss of

the courso,
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ueing the rate and eguilibrivm questionnaire which Incorporated an
open nnded question on reactlvity and reactivity series. Their
views were also compared to those of teachers who were the subject

of an sarlisr study.

Standard 89 & 10 students exhibited gensrally similar misconceptions
about aspects related te ceactivity. Furthermore the standard 10
studenta appear to extrapolate thelr migoconceptions about reactivity
congtructed at a stendard 8 level to agpectsz of rates of reactlon
and chemlcal eguilibrium studied in standard 10. The studente were
to a large extent unaware that thare is no necessary connection
betwaen the rate of a reaction and the equilibrium extent of a

reactian.

It appeaxs that teachers, authors of achool salence taxthooks,
and ocurriculum deslgners are not entirely succesaful in devaloping
sclanhtifically correst views ahout rate of reaction and ghemical

equilikrium with the students.

Phase 2 of the study attempted to address some of tha teachlng and
learhing problema associated with the concept reactivity at a
gtandard 8§ levei., A course was depigned for standard 8 aclence
teachers to lnduce conceptual change as regards resctivity, A key
component of the course was an " Understanding Reactivity" pack
which wae deslgned guided by constructlvist ldeasa and by the

knowledge of misconceptions gained in phase 1.

Seven teachers participated in the coutse, of whom four delayed

thelr teaching of reactivity to their standare 8 students until the



ABSTRACT

Thias thasis raports on schoel teaching and learning problams in the
area of chemical resctivity and on an attempt to overcoms some of

these problems with an in-service course for teachers.

Thase 1 of this research was a atudy of the conceptions of aspects
of reactivity, rates of reaction and chemical equiliilbriam held by

secondary school students,

The nature and origin of the conoeptual diffleulties, in the abhove

areas were lnvestigated.

The concepts of reactlvity ahd raactivity ssrias are formally
Ilntroduced at a standard 8 level. These concepts form a springboard
flor the understanding of meore formal quantitative work done in rates

of reaction and chemlcal equllibrium at a standard 10 level.

T'wo multiple-choice questionnalres, a reactlvity questionnalre and a
zare and agullibrium questlonnalre, ware dagigned to prebe for the
natura and origin of views held sy standard 8 & 10 studenta

raspectively.

The views of both the standard B & 10 atudents on aspects of
reactivity and reactlvity setrias were investigated using the
reactivity questiocnnsire. The views of & sample of standawxd 8
students were alec probed during interview sessions conducted at

pelacted schoola.

Btandard 10 students views about concepte related to aspects of

rates of reaction and chamical eguilibrium, were alse investigated
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learning will be limited if implicatlens for teaching and learning

are not adopted by teachers.

Millar®® indicates that rather than proposing a constructivist model
of instruotlon, it might aqually well be argued that a conseguence
of the constructivist model of learring that sclence should be
taught in what ever way is more likely to engage the active
involvament of the learner. The constructivist medel of learning

doez not carry any message about models of ilustruction,

Yager® indicates that constructivist teachers of solense tend to

promote group learning, where twe or three groups discuss approaches

to a given problem with little or no interference by the teachez, He

¢give an indication of how ¢fulence teachers can move towards the

congtrustivist approach:

a) seaking out and uslng student questions and ldeas Lo guide
lesasons and a whole instructional unit;

b) using student thinking and interest to drive a lesson;

¢} sealing out student ildeas before presenting teacher ideas or
before studying ldeas from the textbooks.

Clement et al® indioate thav appropriate anchoxilng examples within

the learznars intuition can assist towards "grounding™ instruotion.

The nse of anchors is an example of a more general educatlonal

gtrategy of starting from what the student nlready knows,

Bodnex’ s summary of the constructivist views strzesses that the
learner strives to organise information in terms of pravious
oxporionce. Simllarly, Resnick dofines learning as an active

pProcess ocourzing as a result of mental construction by the learznev,
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reactivity? Axe they aware that the one has no necessary relatlon
to the othex?

2. De students cxtrapolate their ldeas about zeactivity serdes to
the electrochemical sexies? Do they regard the two serles as
identioal or equivalent?

3. Are ptudents awarae that a catalyst influences neaction ratesz and
that Lt 4oes not affeet the equilibrium condition?

4., Are students aware that rate of a reaction is independent of the
equllibxium extent of the xeaotion?

Thera has to date been no litexature reports on student conceptions

about reactivity othex than Jenkine®®, Mocdy®®, Markewltz® and

Meak®, saylng that the notion of reactivity is a difficult one.

1.3 Bduoational theoretical frameworks

The justifilcation for studyilng the origins of misconceptions le
provided by constructivist learning theories. These attempt to show
that knowledge L& oconstructed and also that prior concepts are

important for fulure learning.

Views expressed by varlous theoxlsts indicate that relovant previous
krnowlodyge and experdence are important compenents in the Learning
process. Thege ldeap pervade the disecussion that follows,

Drivax & Bell¥ in thulr gummary of the conatrnetivist view of
learning emphasire that learning outuomes dapend not only on the
learning environment ut alsc on tha knowledge of the learnors who

also have the final responeibility for thalr loarning.

Dedver® also polnts ocut that tho effectivensas of oclassroem



/\G® and /\B°. Bence approach (ii}, related to /\H*, and approach
{1il}, related to /\G°, are unlikely to glve the same oxdexr, even if

they are applied to exactly the same reactloas.

Moek® alse points out that there are many reactivity sexies but
only one eleotrochemleal series. Only volitage measurements of a cell
give rise to an electrochemioal series, Thus approaches (i}, (1d)

and {iii) measure dififerent things.

Agalnst the above background it ls evident that the concept

of reactivity is complex and diffloult, It therefore needs to be
Judisiously handled when foxmally intreducod at the standazd 8
level. Are these concepts handled judiaicusly?

Statements of zeactivity concepts, contailn everyday tezms such as
easlly, readily, wvigorously, re¢adinags and spontanecus. Such
vooabulary can generate very different vilsuwal images based on
personal experience. Teachers attention should he drawn to
difforances hatwoen the technical use of cextain words in solencs

and everyday usage of the same texms.

Klednmon ot al'® gay that thore is also a “gommen" language problem.
Sclence has its own termlacloay and language., It Lg therofore
esgontdal for leamnors to aoquire it appropriately. Teaching

emphasls should £all on tha procise usage of sclentlfic terms.

In the light of the above consideratisns, the author was led to pose
the following quastions of a general nature, in formulating this

regearoh study:-

1. Aro studonts aware of the differont possible moaninga of



Meak™ points ort that thars are varlous approaches to the

measurement of reactdvity:

(1) visual judgement of the speed of reactions.
(41) Judgement of the heat of reacgtions (warm, hot, red-hot, eta).
{11i) Measurxement of the voltage of cells,

students may not be aware of these different approaches for
measuring reactivity,

Meek24 pointe out that in approach (1) the surfave areas of the
reactants which are in contagt affeoct the speaed of tha xeasctilon., In
gschool demonstrationg, how often are metals equally divided {.e.

oomparable in surface area?

Approach (i4) ahould be & measuze of /\H. We should take ecuivalent
propoxtions of the metal o obtain a mearure of J\B® but in fact faw
teachers have the time to do thig. In practice, speed also comes
into the vieual judgement: mosnt studonts will say that the reastion
of magnesium powder and oxygen liberates more energy, than the
roaction of an equal mass of magnasium zibbon and aAxygen. Thia is

probably bhecause tho powder reacts more rapidly.

Anothex type of gemplication is that the [AE® of neactlon with
oxygen per nole of metai and /A\H® of formation of metal oxide per
mole of oxygen do not glve the same ordex of tha ragotiviiy aariasz,

Approach (111} is a measure of the free enorgy of the reaction:
LNG® = —nPRY, The frao oncrgy of the roeastion is in tugn relatod
to the enthalpy and entropy of the roaction: /JA\G" = AR - T/\8°,
The larger the chango in entrepy, the largor tho difforonece botwooen



3. Decompogltion of metal oxildes
4, The displacement of metals fzom a :olutlon of metal szalts

5. Reactlon of halogene with metal halidaes.

Pravious authors {such as Jenkins®®; Moody?": Markowltz®® & Meak?®)

have reviewad the notion of “reactivity serdos”,

Jankins*® indiocatas that the notion la a difficult one, partioularly
bepause the term reactivity is capable of both thorunodynamie and
kinetle interpretation,

Atkinson®™ draws a compardison graphically of the order of the
olements in an eleoctrochemisal and a reactlvity serles. He Indicatos
that, in contragt to the electrochemical serias, the reactivity
saries derived from experimental observatlon takes into account

thernodynamic as well as kinetilc factors.

Moody?® says that different reactlons give rise to different
activity series and also reiterates that the notion of reactivity is
a difficult ona, because of the ambiguity over the kinetic and
thermodynamic interpretatlon., There is the added difficulty that
thermodynamic datea eannot, by itself, tell students vory much abour
the ectual propertles of the materials to which they refer. It is
therefore possible to construct a wide varlaty of roactivity series,
depending on the criterien used to measure the so~called reactivity,
Maxkowitz?' indlcates that “phe ohserved reactivity of a materxlal,
or violense of a reaction, is often related to the rate at which
heat 1s liberated during chemlcal combination, rather than to the
total ameunt of heat liberated", Perhaps, the experimental phenomena

may be cbscuring the meaning of the concept reactivity,
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misconceptions about aspactz of chemloal equilibrivm at a standard
10 lavel., The origin of these misconceptlons may however bhe traced
to much earller schooling., This possibility is the main focus of the

present regsearsh.

The auvthor attempts to look at the nature and origin of those
misconceptions not at the standawd 10 levael but muaoh earlier, when
covigapts off reamctivity, which are related to rate and equilibzium,

are formally introduced at the standard 8 leval.
1.2 Misconceptions about reactivity

A study or the Physiedl Selonce necondary achool ayllabus wos
undertaken to ldentify toplds introduced at an earlier stage that
might have xelevance to the oxdigins of the confusien studenks have
in differantlating rate from agullibzium. It was hypotheslzed that
in presenting these toplos learners had unwittingly bean left with
an inability to distingulsh questions of rate from guestions of
oguilibriuvm and thermodynamiles, Tho cencern was in genezal studentn
inabllity te necsgnisc the indepondoence of thermodynamics and
kinetlos of reagtion and also whethor students undaxgtood that
reactivity oan be compared £rom both a kinetic and thermodynamlc
perapaative,

This study of the sylliabvs lod to o foous on tho ooncoptg of,
roactivity and reactivity serios. Thege concopts are formally
intreduced at a standard 8§ level (see Appondix ¢1 for syllabus} when
doaling with the davelopment of the Periedic Table. In the seotion
"Chomical Roactlons of Certain Elements" the follewlng are studied:
1. Repction of motals wikh oxygon

2. Reaction of metols with waker



hairemps st it e

a} Btudents falled to distinguish between how Ffast a reaction
procesds {(rate) and how far the reaction goes (extent).

b} Students also belleved that, even though equilibrium reactions
ara reverslble, they still go to complietion before the reverse

roaction commences,

Bapoo, et al'® alge showed that students and teachers had
nisconveptions about the relatlon hetween xate of reaction and

chomloal equillibrium, The misgonceptlons are glven below.

a) Thermodynamle data was uged to make rate predigtiens.
b) Exothexmlc reactlons are always faster than sndotharmic
reaotlions.

¢) Endotharmie reactions canncot be spontanecus reactions.
4, Rate and egqullibrium agpecty of alectrochemistry

Bapoo et all® found that amongst a group of teachers and student
teachesrs, that many extracted kinetio infiormation from E° values.
fimilarly Ogudeld highlighted that students falled to relate
measurements of elactrlc current to rate of reaction and
measuromants of cell emf to the driving foree, or tha therxmodynamio

tendenoy, of the reagtion to ogour,

On studying the nature of thoso misconcaeptions it became avident
that many of them wore different manifestations of the same
primordial misoonception i.e, the students lack of understanding
that rate and equilibrium are distinatly different concepts which
are inherently indopondaent.

Reseaxchl®*, has given plaugible roasons for the occurzence of



uninformed, equllibrium seems like a quiescent state such as one
obtains in the major axis of a spilnning top, To the sclence student

however equllibrium should be a dynamic concept,

Equilibzium is fundamental to the undexstanding of other chemical
toples such as acld and base behaviouwr, oxidatlon/reduction
reackions and solubility, Mastery of the voncepts of equillibrium

faollitates mastery of these other chemical concepts,
2, Rate of reactilon

Hackling and Gawnett? revealud that khe most significant
miscengeptlon amongst 17 years of age Western Australian chemlistxy
gtudents waas that the rate of the foxward reaction inoreases wilth
timeg, from the mixing of the reactants until equilibxzium is
astablished,

In a study in South Africa by Bapoo et al*® a group of teachezs
and student teachers were found Lo havse the following

mlsconceptions, to varying degreesg:-

a} From & balanced chemical equatlon the rate law of the reaction
was inferred.

b) The rate lncreased as a funetion of kime - ozx "as the reaotion
got golng". (a misconception similar to that found by Hackling

and Sarnett?)
3. The relation botween rate and sgquilibriuvm

Wheelor and Kasg!? refex to students inability to distingulsh
batween rate and equilibrium.



1. EBquilibrium

Research done by Johnatone af a'! indlcated the nature and origin of
conceptual difficulties exprrienced by students studying chemical
aquilibrium £or the Scottlsh Cextificate in Higher Grade ochemistry.
Several areas of conceptual dlfficuliles were highlighted by his
investigation. Soma of these were:~
a} Left and right sidedness.
Students appear to visuallse equilibxrium systems aas congisting of
two independent and separate compartments, rather than as cne
whole.
b} Interpretaticn of the reverse arrow convantion.
The longer axrow ls intexpretaed as lmplylng greater rate of
reaation at equilibrdium,
g} Catalyst.
i} Catalysts have no effect on the reverse reaction rate.
id) Catalysts cause the formation of a higher percentage of
products in the equilibrium mixiure.
iiil) Catalysts can be used to drive the equilibrium in the

deslxed direction,

Bradley et at™ "% in South Africa studied misconceptions of

teaochers, related to chemical equilibrium. They podnted out that

gome teachers had problems with the follewlngi~

a) Plstinguishing between olosed and open systems.

b) Interpretation of the reverse arrow convention.

¢) Interpretation of the affect of temperature on the rate of both
tha forward and reverse reactlions of an equilibrium system.

Buell and Bradley'® as early as 1972 indicated that to the



regarxd to the concepts of rates of reaction, chemlcal eguilibrium
and reactivity. The need for such a siudy was indicated by a
previous short research by the author'® on the views of teachers and
gtudent teachers. Furtherm.se it has often been sa.d that senloer
secondary students in other countries experience difficulty with
chamical equilibrium and related aoncepts.*¥! Chemiaal

equllibrium was rated by a sample of teachers as the mest difficult
tople for students to comprehend, by Finley et al.®

Research®¥%? hag shown that chemistry teachers also f£ind this

toplo difficult.

To provide a background for the research, the followlng four topics

are reviewed in thls ilntroductory chapter, i,

1. Misconceptions about rate of reaotlon and egquilibrium. .

2, Misconceptions about reactivity, |

3, The educational theoretical framework which has gulded this
study.

4, Deslgning courses for congeaptuval change,
1.1 Misconceptions about rate of reaction and egquilibrium

Extensive work has bheen done on misconceptions, in the wvarious
related topics of chemistry listed below.

1. Beguilibrium

Z. Rate of reaction

3. The relation betwsen equilibrium and rate of reactlon

4, Rate and equilibrlium concepts related to slectrochemistxy,

Misoonceptions highlighted by xesearch studles in each of these

areak are reviewed below.



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
conrtructing approprlate undexstanding of chemical congepts early in

their studies,

It is said by Nakhleh! that the information students use to
congtzuct their concepts comes from two sources: public knowledge as
presented In text and lectures, and informal knowledge from evidence
of everyday experilsences, Exrors and ambiguities may be found in

both these sources and lead to inapproprlate understanding.

Similarly, Pines et al® discriminate between twe sources of

individual knowledge of socience learning:

1. The knowledge children acguire from their spontansous interactien
witk the environment,

2. The knowledge children acguire in a formal fashion through the

intervention of the schocl.

Tha spontanecusly-acquirad knowledge 1s of great importance in its
Influende on what the chlild will learn, This first type is his own
reality. The second i1s someone elses reality., Formal knowledge cannot
simply be poured in the childe tabula rasa, but rathex,

formal instructlon interacte wlth a wealth of existing knowledge.

It follows that if misunderstandings can be ldentlfied, than it may
be possible to relate them to errors and ambiguities in the sources
of Informatilon. If this van ba 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 waz conducted wilth
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(H.0,D) were selected, Tha schocls selected ware Nlrvana Secondary,
Lenasla Sgoondary, M.H,Jusub Sacondaxry, Laudium Secondary, Azadville
Secondary and Trinity Secondary. These schools were selected beoause
they were falrly repregsentative with ragpact to academic standards
and with rzespect to the varilety of course options that are offered
at Indlan schopls in the Pretorla, Witwatersrand and Vereanlging
reglons in South Afriea,

The large number of course options offered by these gchools impliles
that the studants taking Physical Sclence do so by cholca.

Details of the gohools and students used are tabulated,

l Number of Students
S8td. 8 8td. 8 _ 8td. 10
Dept., Schaool
answering std.8|answaxing std, 8§
interviewead | questions & 10 questiens
H,0.D 1 5§ 8 127 39
H.0.D 2 - 115 52
I{IOUD
3 5 33 32
H.0.n
4 - 18 43
H,0.,D
_ 5 - 74 44
H.G.D
6 - 24 25
Total numberx
of students . 15 111 235
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@) Do students know that the term reactivity may relate, both to
the kinetics as well as the thermodynamics of the remction?

2.2 Ratanrch maethods

The methods uged for analysis purposas by researchexrs in the field
of misconceptions inelude multiple choloe guestions, open ended
ragponses and Iintexrviews.

The provalance of mlaconceptions can be aasossed via objeotivo tests
{o.g multiple cholce) by chsarxving tho numbers af students cheosing
the various optilons which reprasent crrors ox milsconcaptions. This
typo of analysls was done by Morzill® on sowe of tho National
Assossment of Rdueational Progress (NAEP) solence data. This typo
of tast allows for the guick surveying of a large numbexr of studencs
and lends itgelf vory easlly to stotilstleal treatment, It has also
bean widely used by, for axample, Helm®® and Stead and Oskorne,?

Cpon ended rosponse tests have alse beon used extensivoly, for
example by Vliennot.» In these tests students are supplied with
guastions «h.iah thay have to answer in a limited space provided on
tho guestlon paper. The guestions axe carsfully deslgned so that
ptudonts answors give an indication as to how woell thay understand
the concepts concerned,

In the intexview approach students may bo agoked to give explanatiens
for phenomena demonstrated te them. This method has beer used by
for exampla Arc¢henhold,.®

5 combination of thase methods was usaed in a complementary manner in
this study,

8ix schools under tho administration of the House of De.ogatas



b)

c)

3.

a)

b}

)
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a)

b)

¢)

d)
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raaotlon?

Do sktudents take the strongth of an oxidizing agent as an
indigation of its reactlon rate?

Are students aware that there ls no negessary connaction betwaen
voll eif (thormodynamics of reaction) and current (wate oFf

rodution) ?
Qatalyat

Do students epprooclate that a catalyst by toaking parxt in the
reanotlon offers an alternative path of lowor asctivatlon energy?
Do gtudents undorstond that a satalyst affookts tho rato of a
chemlcal reaction and not tha yleld of the producta?

Do students undexstand that a non spontanesus roaotlon cannob
be made spentancovs by the addision of a catalyst?

Are studants awara that a ocatalyst ls n kinetio vexioble
whareas tomperatura is Loth a kinotio and a thermodynamio
varlable?

pe gtudents undorstand that a catalyst deeo not indtilate o

reaotlon?
Reactivity § reagtivity serios

Do studonts understand whot is moant by tho terms reaatlvity and
roaotivity sarics?

Do students undoxstand the meaning of tho Larm spontanceous?

Bo studonts take che olectrachemical geriae and the renctivity
gorles te bo one and tho same sorios?

Do students take the order of tha metals In o reagtivity cerles

to bo invarlont?
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The uwaderstanding of concepts introducad at the standard & leval was
probed with both the standard 8 and 10 students. The standard B
students were used te raflect appresimataely the basollne of
knowledge achleved by the standard 10 studonts when they were in
standard 8. The understanding of standard 10 concapts by tha same
standard 10 students was also probed.

This design attempted to shed light on possible linke betwean
errongous conceptions evident at o standard 10 level and the zelated
conaopts that are introduced at a standard § level.

Porthormore the standard 10 studenty undoerstonding of standard 10
ooncopts could be compared te the findings of an eorliar gtudy of
gtandard 10 toecher undorxstanding on agpecta of rates of reaction
and chamleal equillibrium.

The spoelfic content~related research guestlons in the respacstive
toplo areas (which are linked to the mere genaral quastions posed on
paga 10) that wora probed amengst standoxd 8 and 10 students duxdng
this study, are as follows:

1. Rate ¢ Bquilibrium

a) Do gstudentr appreciate the foect that ondothomale ronotions can
be fagter than exothermlc weastion?
b} Do students undorstond that inercasing tho tomperatura
inareagas the rate of endethermie and oxothermie roackions?
¢} Can students difforontiate botweon kinotic and thoxmodynamic
data?

2, Blegtrochomieal sorioy

) Do students take Be valuoo as indleative of the rato of tha
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CHAPTER 2: AIMS AND STRATEGIES OF RESEARCH IN PHASE I
2.1 Object \ve of Reseanch

The concepte of wates of zeaction and chemleal eguilibrium are
impliocitly and gualitatively doalt with in the standard 8 Physiocal
Sulance syllabus, The impliocit understanding of these concepts
gainwd in gtandard 8 foxms o springboand for the underastanding of
I *1iedt and mere quantitative work done in tates of noaation

ane . beal oguilibrium at a standord 10 level,

In view of tho abovao tha subjeets solocted for this atudy comprised

tve eatogoriest

1. standord 8 students dodng Physical Sclenco,

2, Standnxd 10 studonts doing Physioal Scionce.

The intentlon wae to compare:

1, Standord & studonts undorstanding of standard 8 conocapts wilth
thot of standard 10 students,

2, Standard 10 studonts undorstanding of standexd & concephs with
thelr undorstanding of related standorxd 10 concepts.

3, Btandoxd 10 studonts undorstandling of standard 10 concepts with
that of gtandaxd 10 teachers as reflectod in an earlier study.

In oxdoxr teo oktain tho data for the above somparisons, it wag

dacided to:

1. Test standard 8 students on standard 8 concepts,

Z. Test standard 10 students on standord 8 concepts.

3. Test gtandord 10 students en standuvd 10 coneapts,

4, Use test dotn proviously reported for standaxd 10 toachers in tho
same or gimlilar scheols,
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PHABE 1



17

Summers and Kruger™ conduoted a longiltudinal study and found that
the teachers did gain a better undexrstanding of force and energy.
Howaver thay note that the guestion remains of whether this means
they are able to teach these sclentific concepts more affectively to
children.

Smith and Neale® report ochanges in elementary teachexs’
understending of 18 concepts in the area of light and shadows
following a four weak period of in-service training based on a
conceptual approach te the learning of science. They found that
teachars! substantive content dld change, often dramatically ovex

the tralning peried.

Marton® also suggaests that conceptual change does not necessaxily
entall neplacemant of conceptlons because L1t can also be a process
of adding new ldeas &nd learning to distinguish approprilate contexts
for thelr use, Ebenezer and Gaskell' found evidence to support this
in thelr study of changes to students’ conceptlons abgut solution
chemistzy.

Lott et al® found that teaching teachezs to teach for conceptual
change wag indeed difficult. Nevertheless it 1s useful to exploxe
the conditions undexr which students and teachexrs are prepared to

rethink and change thelr established beliefs and ideas,

During phase 1 of the zesearch that follows, teaching and learning
problems on aspects ralated to chemical reactivity are ascertalned
and during phase 2 of this xesearch which follows later, solutions

for these are attempted,
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Summers, Rruger and Palacio’™ used a constrzuctivist approach in
an attempt to improve primary school teaschers’ understanding of
foroe and energy. Tha constructivist pedagogy which underpinned the
in-service training of these teachers was informed by the teaching
sequence descrlbed by Driver® and the work of Clement®. A foux
gtage approach was used which Iin summary involved:

~alicitatlon of existing vliews

—dissatisfaction with these views

~genaration of a better view

~practice and application of new views.

Summers, Kruger and Palaclo ' ® deslgned packs of teacher
education matexials to uwse in thelr course, The material in the
packs makes use of analogies and has heen deslgned te help primary
teachers o develcop thelr knowledge of the conaepts of eneragy and
force, The packs highlight certaln aspects of the solentific viliew
which are known from research te provide particular conceptual

diffioulties,

Sentnex'® asserts that analogles axe of pivotal lmportance in
conceptual change learning in that they may help to restructure

exlsting memory and to prepare it for new information,

Bro~aoursa work forms an ilmpertant componant of the pack as it
attempts to make course participants aware of thelr own
understanding baffore attempting to change them,

Course partiolpants are introduced te the misgonceptions which
puplls and mwany adults have and become aware of the nature of thedlx

own intultive views about everyday situatlons.
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attribute of the structure as worthwhile knowledge (discarding scme
of the internal structure). In o¢ther words change takes place wifhin

a persons head.

(onceptual ghange Erom the phenomenographio perspective ls achieved
by changing one’s relacionship with n context. Being able to
perasivae contexte differently means that one iz able to
differentiate hetween them. Changing one’s relationship with a
spaclfio context means one has changed as a person (see Johannhson

et al®),

Posnex* outlines conditions under which significant conceptual
change is likely to ocour!: (a) there must be diesatilisfaction with
axisting eonceptdons; {b) a new ocongeptlon must be intelligible: (o)
a new concapbtion must appear indtlally plausible.

Sghuell™ points out that secience educators also heve prior
conceptions that can influence thelxr teaching. Thus an adaguate
understanding of solance educatidon must consider the prior knowladge
and potential misconceptlons held not only by students but also the
prldoxr knowledge and potential misvonceptions held by soclence

educptora.

Vosniadenu™ says that information consistent with the existing
congeptual structure can easlly be lncorporated into the conceptual
aystem, However it is paxtloularly diffleult to achieve the kinds of
coneceptual change that require the ravision of ontologicgal and
eplatemologloal presuppositlons of the framework theory, hecause

thoy represant a relatively ocherent system of explanations,
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constiruotivist view, prior beliefs can ales interfere with new
learning by causing redjection, or at least a restructuring, of the

new materisl to fit ourrent ldeas.®

Against thils baakground identifying the origins of misvonceptlons
becomes a pricrity whilst solutions for thelr prevention are a

logical consequence.

1.4 Designing of conceptual-changa courses guided by
constructivist ideas.

Ascoxding to Andarsen and Botlgelli™ it 1s acvepted that learning
textual information is a complex and dynamle process which involves
the mobllisation of exlsting knowledge, to translate textual

information intc meaningful unite that are integrated into exlsting

memary .

It may be acovepted also that creating a cognitive structure of a
complex body of knowledgs such as chemlstry ls not easy and that no
amount of instruoctilon will help a student who ls not determined to
work, This researoh however attemphts to remediate some of the
misconceptiond teachers have about zeactivity, which can
subsaguently lead to a more approprilately structured presentatlon of
reactivity te the sgtudents they teach. Better presentations by

teachers may lead to better student understanding,

Conceptual change, from the mental model perapective {(see Hewson®),
1ls achloved by any of the following: acquisition of new information
(adding to the lntearnal structure); reorganising exlsting knowledge

(reoxganising the internal structure); and no longer viewing zome
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Stinner* gquotss Kuhn as saylng that textbooks ore "pedagogilc
vehicles for perpetuating of normal sclenes™. In the light of the
apove it is suggested that texthook contents should be organized in

a more meanlngful way.

Language usage plays a oritical role in conveying meaning. One
gonsaguenoe of this is that in teaching our cencarn should be te
help puplls to make their language by bullding up necessary
connections between words™, Furthermore they report that:

-the meaning of a word is not absolute but may vary from a general
meaning to a more precise meandng:

~understanding of a word depands not only on the context but also
the connotation;

~a word in & sclentific context ls harder to understand than the
same word in a non-sclentifilc context.

Velga ot al” ghowed in thelr studles that miscoaceptions and
difficulties that pupils are known to have were very similar to

mlsleading xeferences used by teachérs in thelr everyday language in

the classroom, Teachers have a difficult task since they must talk

to puplls in woxds and language that the puplls understand, but Fhe

natural language may contain the very ideas that the {~acher is

trzying to change.

Ribelxo et al’ show that the influenos of meaning from evaryday
language impacts negatlvely on the interpretation of chemical

phenomena such as reactlon and spontaneity.

All these viewpoints etress that knowladge and meaning are actively

constructed in the mind of the learner. Acgording to the
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Students mastery of new knowledge i3 believed to depend upon their
ability to integrate the new informatilon with existing

knowledga 1520

Moresover, it is also asserted that intuitive ("common sense"}
conoeptions rasiet change, since intuitive ideas are often in direct
confliot with the new materlial.® Learners appear to accept
salectively those events that support their conceptions while

ignoring those obgexvatlons that are in gonflict.

It thus becomes wvery important that chamlstry educators attempt to
ldentify the nature and depth of thelr students "common sense"

ldeas.

Ausubel’s theoxy of receptlon leccning?? places partiocular emphasis
on the students prior learning., One of the more fruitful ways of
thinking of how meaningful learning ogours, lg in terms of learners
constructing thair own knowledge. According to this theory it i=
impossible to teach meanlngfully if thies baseline of prior knowledge
hae neot been ascertained. In Ausubelfs® famous woxds,"The most
important single factor influencing learning is what the lesarner

already knows. Ascertain this and teach him accordingly."

Shepardson & Plzzini' indlcate that the purpose for learning
directs the attentlon to the selection of textual informatioen.
Different purposes for leaxning influence attention differently and
thus the selection of texrtual information. It would appear that the
stipulation of objectives at the baginning of a tople or new concept

may direct a students attention in a deslred dilrection.
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85: And the ones at the bottom cannot replaca the ovaes at the

top.

%1 What I am golng to do ip wrlte an egquation an the bhoard. I want
te nee Lf you can extract any information from what I have
written here,

Ll b Opmmsmani

aa L 02-‘--«-—)

with raforenge to tho obove. Lithium ip ingerted inte a gao jar
of oxygon. Now using the reactivity cerieo gan you ifer what
would happen in an experimental ocet up.

§8: You will get a now pubgtance a differont oubatance.

84 A compound,

I+ You mean that whet lithium gombines with axyyen you will geti
lithium oxide.

84 ¥on.

I1 8o oaloium with oxygon you will get?

#89: Qaleium oxidu.

It What olas can you infor?

85: The lithium is merxe roautive than the caleium. So it will take
nore place,

I: [Repeato.] It will take more placo of the oxygoun than calelum
would.

it Yo, vou Know the eleatrans it would give it woro, whereby it
will ocome more active than ¢a with the exygen.

X ok,

g6t Thin io whore opeed comes inte play, Beeause lithium Lz above

Qa, i1t will react faotor.
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83t Tho motalo at the bottom ¢an be more easily roduced than the
onen ot tho top.
I: 7Tooacher ropeats tho above and pubboguontly aoko do you agrec
with him?
85: Yeu.
I: What does it moan when you oay motalo at tho botiom can be more
aaglly reduccd than tho metals at the top?
85¢ They glve cloetrena caslor.
X1 Whe olne wantoc to commont?
84: Matalo whish ioc fizot io more active.
88: Ito o ptronger roducing agont at the top.
I1 and what dooo that mean?
5%: It hao 4 greator potantial to reduce.
s What deeo it moan whon you pay lt has a greates petential te
raoduse, How did you infer that frem the oxperimont?
811 The toacher told us,
It You did net do thile oxporimeont. Nevertholepo welting the
following oguatieono on the woard:
Li 4 Op mmma>
Na & G wmaw>
B+ Qg mwewd
Whon you oay the onen at the bottom are caolly roducod, what de
you mean by thas?
811 Rlectrong oare leoat canier.
I: Do you moan loae fanter whon you say loge eaolop?
gl: Yen,

§4: No, metaly at tho tep can replaes motals furtucr down.
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8313 Copper has the lowest reactivity. copper is definitely going to

be kieked out firgt,

I; Definltely?

1 83: Definitely.

83: Lat nme glve an axample. Lets say copper is 2 zinc 4 and
magneolum ic 5. In order to make copper to haceme zero wa munt
pubtract 2 in order for zine to besome zere we subtract 4 and
in order for magnoolum to hecome zero wa pubtrast. The ona that
you gubtract the leapt frem ic the weakeot.

%: Subtract 2 what, atoma.

833 No thade are junt numboro.

- 85¢ Qoppar and zine are bsth lower than magneoium, magnesnium will

kick out both metalo, you can’t really say which ona will be

kicked aut fizpt, The ppeed I don't really know.

gtudent reepeonnoon about the congept reactivity and reactivity sexies

Group 2

I: Could you perhape tell me why you arranged the metals the way
that you did?

g%+ Bacauge radueing agento are at the kottom.

¢

It Becaune yoduelng agents are at the bottem.

g4: The moro actlve motalo are at the tep and the cna's that reacts
mootly with oxygen.

I: Leto go back to ptudent number 2. Whon yeu gpay the reduelng agent
Lo at the bettom what do you mean by that?

821 Not oura.
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85: Magneslum has the abllity teo kick out copper in copper culphate.
It also has the shillity to kick out 2ine in 2ine sulphate. 2Zine
on the sther hand cannot kiak out magresium and therefore
magnesium is the most reactive and copper lo the leapt reactive.

It 84, what have you got to say?

84: The same.

I: Tn this cape was there a vigorous weagtlion, 847

943 There was no vigorous reaction but there was a reaction.

I: So in terms of what wao the ralative poaitionas of tha metala

given?

84: How many metals they are able to kilck out,

{question reformulated]

I: Letp say for instance magnesium ls plaged into @ solution of
cuppar oulphate and zind sulphate. What do you predict would
happen? [The following diagram is drawn on the chalkbeard.

My Mg

l Cus0,{ag) ( ]znsoq { ar; ;(
. 1

84 Copper Lo lowex In the table 8o copper will be kicked out fivat.

83: That’'s right.

I: Are you saving magnanium would kigk out copper firau?

53 Yap, wirx,

I: Bo are you paying you ean tell by using tho reagtivity sorien
whigh parﬁicular metal lon will be kicked out faptex?

83: Yen, onlr.

84 Yen.

It why do pou pay eoo?
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84+ How reactive they are?

I: What do y»u mean hy thaty

[studentn: laughing]

Now moving on to a olightly different polnt.

[Writing agadn on the shalkbeard.

The following table was drawn on the chalkboard te ascertain
ntudent conceptions of tha reactlon of metaln with various gglutiona

af metal palts.

[Mgs0y(ag) | Cus0;{aq) | 2Znsoy{aq) |
* * r + wih
| Magnesium [ | i |
| wine | | | f
+ " i ¥ .
| coppex | { i |

The following metals were placed reapectively ln a oolution of

three npalts as reflectod abovael.

Xi I want you to draw a relationship of the yeactivity of the metals
and give the relative pooltien of the metals.

It 81, oould you perhapa give ma the relative position of the
matalo?

81s Magneoium ia the most reactive then is xine and zepper,

I: Do you ¢o by that, s4°

84: Yeo.

I: Could you perhaps tell me, why did you arrangs them the way you
did?
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g5: It Le a serjes that le atranged from higheat reactivity to
lowest preactivity err.. Erom the strongest to the weakest.
It Fron the etrongest to the weakest. What do you mean by that?
81: hlke sodium is more reastive in water you can see more enargy.
B85: From stteongest to the weakest.
I+ What de you mean 557
81, answera
8l: I den't think from strengest to waakest,

L: What do you mean?

8l: I haven’t got all my facts stralght. Meroury is pecond last in
the raactivity serles and from what I learnt it is really

! powerful.

I: Pawesful,

8l: N¢, not powerful, its .....

I: What do you mean when you say its powarful. Do you mean fast?

Bl: No not fast, no not from any experiments, Erom book knowledge.
8o I think ita just how it reacts, whether iv ir a weak

roackion oxr like a low raaction or lta high compared to another

reactlon,
It What do you mean by low veaution ov bigh rsiotlon?
51t Like with sodium when you sees it li twe water it moves like
% fast. You gee lik. .t has more zeat in it. Like wilth lithium it
j moves as well but not so fast oy not with the same spaed,
It’s like a alew kind of a reactden it 4o not as anergetic.
I: If you have a claps of studento. What would you tell them a
reavtlvity seriep ja. It is the relative popitlons of the metals

in termo of?
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81: Yoo, somatime tha two motala forming tegether cuan form
gomething dangerous substanca,
83: Something dangerous ean happan,
I: What did you mean when you tadd the reactlon ia fastex?
§4: I would not pay the reactlien, the movement, the way it moved
acragd the water.
It Whioh reactlion +ave hydrogen fagster. When lithium reacted with
water oy when podium reacted with water?
841 when sedium reacted with water.
I: 80 deop roactivity mean how fact godium reacted with watex?
[It At thin ptage a fow other reactlons partalning to tho reaction
of metals with wator ars weltten on tho board.
Bodium + Water =~momawawab
magnasium + watar mmmeem>
2ing + WOERY ~mememeeme=d ]
Iy Uodng tho reaetivity oeriec which metal would you ony reacto
the fastest with wotep?
#4: Sodlium, but only accordlng te the roactivity serieo,
It From thip weactivity series eoan you cay that sodlum weuld wmeact
the factoeot with watexr?
53¢ Yen, I weuld pay go. If you throw mognooium in tha.wnta: it
taken long to roast but with oedium it will react immediately.
841 Yeg, godlium Lo otronger than magneaium.
I: What da you mean ctyongex?
S§l: You eannot cay otrenger if you do not know what the metala ara
moade up of.

It Eopontially, then what 1o a reoactivity cerieon?
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8l It le probably because of what type of flame it was.

I+ 8o, what does the term reactivity mean to you?

841 It ia so much better if we know what the term means, we cannot
day what the term meanz and therefore cannot say what the metals
are made off and therafare eanuset say why they react the way
that they de.

[IT+ At this octage the followlng reactions are written on the

chalkboard.
Sodium + water  wesme-wes godlum hydrexide + hydrogen
Lithium + wator sweewm—. » )llthium hydrogide + hydrogen]

I: Uoing thae roostivity serles, which motal would you oay lo mero
renotive?, 54.

§4: Sodiunm.

T: Why do you say that pedlum Lo more reactiva?

583: Slr aceerding to what we gaw, the reaction was more vigoroua.

I: So you weuld oay beecause the resction wac more vigoroun, .t was
mere weactive. Be what do you mean when you say that the reactien
is more vigorous. Do you mean that the reactlon is more factar?

g1t The reaction took place facter. The way it darted across the
gurfaqe it wag fant. You would pee that there wan friction on
the water,

X: 81, Af you are saying that the reaction lo faster, should you net
khow the chemical eguation for the reagtion?

8l: Yag.

I1 Why?
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Group 1

I: With refarence to the experiments on the reaction of metals with

oxygen that have been demonstrated, I wanbt you te jot dowm
everything you have ohserved and thereaftor you can deduce
anything #rom the cobpervations.

It ndd you deduce any relationship between the metals, S1¢

81t Most of 4he metalo reacted sxcept for calecium and coppar thare
was no viallle reaction.

%1 What is the order of your reactivity then?

Bl: Na, Li, Mg and Zn.

I3 Why did you arrange the metals In the way that you dide?

5l: ¥You arrange them that way oo that the most resstive Lo at the
top and the least resctive la at the bottom.

Ii How dld you ascertain that one metal is more reactive than the
othey metal?

51t From the flams,

I: S0 are you paying the brighter the flame the more reacstive the
watal?

21 No, not necepoonrily it depends on how quick 1t makea.

I: You mean how fast.,

82y The spead with whiagh it lgnites.

I: 53, what de you aay, oan you account for the oxdar?

B3t The flames were quite bright and gtrong and vigorous.,

I: Touw mean the flames ware not too vielent with zine and oxygen.

831 You, with oodlum the Fflames were most viclant.

I: S0 what are we oaylng hore, that you have extracted the relative

posltions of the metals on the bapis of whaty, S1.
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CHAPTER 3: INTERVIENS

The interviews were used as a component of the research study te
elicit free verbal responce.

These interviews wegu conducted approximately twe days after the
following experiments were demamstrated by thelr teachern. Students
that were interviewed were allowed to refer to the worksheet that
they had used during their experimentw.

1. the reaction of metals with oxygen.

%2. the reagtion of metals with water.

3. the reaction of metals with solutiens of metal salts,

Tha students responses haelped to Lllustzate atudent underaptanding of

the follewlng termnt

~ Reactivity and reagtivity series
- gpontanaous reaation
« Qatalyst

= Exothermlis end endothermle reactlion.

students wore afforded the opportanity to verballse thein
understanding se that any misunderstanding sould ‘e identified,

Iti tha followlng dlislegues, recponse by gptudent numbox n io
indicated by "Sn" and the interviewers comments are markad by "I“.
Furthermore degeriptlons which were not part of the dialogue are

plaged batwasn square brackets.

3.1 Interview reaponses of standard 8 students
Student rescpongses about tha concapt reactivity and reactivity

woiinn.
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This cquestionnaire was done £irxrst by Lhe standard 10 students to
ocbviate students using multipleuchuicé options from the reactivity
questionnalre to answer some of the questions in the rvate and

equilibrium gquesticnnalre,

The reactivity questionnaire was administered simultaneously to both
standard 8 and 10 students deing Physiecal Science on the higher
grade. Tt was administered approximately a month after the rate and
equilibzium gquestionnaire had baen written. At thls stage standard 8
students had received instruction on reacsivity and reactivity
saries. Standard 10 students had of course recalved instruotilon,

two yeaxs previously.

The head of department (H.0.D} of Natural Science in each school was
contacted, after permission was given by ithe principals (acting
prineipaly) of the respective schoola, Flratly the rate and
equilibrium questlionnalres werea delivered Lo the H.0.D of Watural
Scilence who was rsquested o handle the distribution and ocollectlon
of the atandawd 10 questlonnaires after the standard 10 studenta
had ¢ompletad them,

The H.0.D, wag requested to tell the teachers who were invigilating
that the duration of the test was about 30 minutes and that this was

a surnvey in chemical education.

The questionnalre was written simultaneeously by all the pupils in &
particulaxr school.
8imilar procedures were adopted by the other schools thit wore used

for the survey.
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1. Interviews

For the interviews f£ive students per standard 8 class in two
different schools were ssalected. In one school two groups of
students were Interviewed. Two students were gelected from the
upper, twoe from the middle and one £xom the lower groupings, in
terms of the marks obtalnad 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 hxs. These interviews were counducted at least two months prior
te the answering of the reactivity gueationnaire,

The intervliews gave much insight as regards the type of guestions

1o be incorporsted in the guestionnaires,
2, Quagtlonnalres

Two gaparate reactivity and rate and equilibrium multipie~choice

type questionnairas of thirxty minutes sach, were designed.

One questilonnalre containsd only multiple cholce guestions, and the

othar multiple aholce guestions and open ended quastiona., They both
atmad to probe misconceptions of students at a standard 8 and 10
level respactlvely, dn aspeots of rates of reaction and shemical

equilibrivm,

Flrst, the rate and equilibrium guestionnaire was administered to
standard 10 students, deolng Physiecal Sclence on higher grade. The
guestionnalre was administarsd after the students had rxeceived
instruction in rates of reaction, chemical eguilibrium and

elactrochemistry.
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g1t It helped the ...it opeaded che combining in the making of
lithiom exlde.

I+ That is interesting. What lo a eatalyot. You mean light can
be a4 catalyob?

g81: Yeo.

I: Can heat ke a eatalyot?

81 Yes it could be becauss it speeds up the reaction with lithium

and oxygen.

gtudent responases about the concept endothermic and exathormic

reactlon.

Grotp 3

It What ip an exothermie reaction?

821 When heat is released.

I: %hen hont 1o rolcaped, ago exothermie reactlon io a reoaotlien when
heat lg roleated,

84: Whan heat ia glven off during a reaction.

I: When heat o reloaced or energy is roloasad?

8): Heot lo encrgy. [Lowghing.]

1 What if a reaetion releaves cound enorgy?

[studentar Laughing].

I: Look at the reaction of lithium with oxygen. Is this roogtion
exothermie or endethermis?

831 Exethermle.

I1 why?

81t Bocauro wa hoated the Li,

2t But 2 Tl +1/2 Ogemewad Lia0 + heat

811 +oeroE'm confuned.
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student repponsesn about the cancept endothermic and oxethermie
reavtion,
{group 1 wae not interviewa! o» theoe aocpecho dus to lask of time.)

Grovp 2

I; Arve you aware of the term .ndcthormio?

§l: Yoo,

I: What doos the term endetharmic mean?

8l: ...oomethlng that takeo up heat. I think so, An efethormic
givog off heat.

I: Dk,

83: Like fer lithium and oxygon to combine, you muot nood heat, oo
Lty exothermie. &o you eall it ogotharmig reactien,

I} Bocause light is given off.

83: Booaune hoct Lo hoedod for the compound to roact.

Is Loto tako this roactlen an tha board.

2 Ll + 1/2 Qguemnewd> Li1a0 + light

I thin roaction oxethermie or ondethermle?

&l1 Endethormic,

I: Bogouse woe uwoaed hoat,

It But when tho predust wan formod hoat wao givon off,

Bl: Thon ita oxotharmie,

fgtudontos ALl laugh)

i1 Io 1t exethormle or endothormie?

811 Vo, no tho hoat wag a eatalyes,

I: Tho hoot was o eatalyot. Why de you oay no?
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53: Speeds up the reactlion but does net alter tha chemical

substance,

Lt Li was inserted lnto a gas jar of oxygen. But Li had to bha
heated befors it eosuld roaet. So what do you Lhink was the
function of the haat?

51: It was used ap a catalyot bocaupe lt opecded up the reactien.

Ir Weuld you go by that?

Studentos Yeu.

I Howaver oapllcor yor pald that it opoeds up the rate of the
roaotlon but taoco not change tha chomival oubotance. Did you not
ooy oomothlng to that effact?

[Studenta/intorvie 0 Loughdng).

511 Whoan wa uged K10y to prepare oxydgen.

It Right.

81! We uoed o gsatalyot, it cpended up the rosation.

It Wew in the case whare Ll had to bw heated, weuld you ocay heat Lo
a gatalyock?

[Studeontor Hooltont,)

I Anothorx gquectien. A satalyot you ooy opoadc up a yoaetlen. In
tho desompesitlon of potacaium chlorate, yeu gat oxygon given off
and you get potasolum shleride, what doos a satalyot do so the
ameunt of oxygen? Do yoeu got more oxygen?

{studonto: Silent.]

i1 Rofermulatin,. Dooo o eotolyot affoct the yiold of she produstn

gtudonta:r Hol

g1+ No, ng, Juot cpooda up tho roaation.
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B41 Not necassary speed up. Sometime it can even deurease.
I: How dosp it changa the opeed if 1t dosg not take part?
54 It remains what it Ls like manganese dioxide.

81: It does not mix with the raaotion.

student reoponsce abowt the concept catalyst.

Group 2

It Did you hear tha torm eatolyst before?

841 Yea.

I: What doso the ward mean to *ou?

B4s Something that opecds up the reackion botwacn twe thiogn,
I1 The rate of the reastlon?

5841 Yes the rate of tha roactlien,

It Patween twe things what do you mean?

8l afvrane

8tudent resporises abeut the concept catalyal.

daroup 3

Bli A ¢atalyot lao vomethdng that io added te anether nsubntaneco to
apoad up without saking part in the roagtlon.

It Yeuld you #o by thak? Could you porhaps toll me hew dono it vpood

up the reactien if it deso not rake part in the rcastlon?

B2y Xt spocda it up 1t dood noet undorge any changn.
It What do you moan 1f you oay Lt dess not undorge ony ehongo?
What typo of a chango? Change with cenpeot te what....

golowr, shapo otae. Whak de yeu moan?
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Slr Yan.

I1 Wa’re paying a gpontaneous reaction is a reastienh that ls fant,
A plow reactieh cannot he opontaneavn.

B2+ gpontaneoun reaction aan aloo be like no heat io applied,

It S0 Af you do not apply any heat and it reacto then it is a
apontanomun roastion.

52 ¥eo ,that lo what i am caying.

Tt And if you apply heat to it then it Iln net a npontahosun
reactlon.

{Studonto: Laughing].

It Yeu weroe caylng oemcthing,

8l: If you cembine twe aubstaneec the voaction is almect immediata,

g0 ito ppontancouc it doeo not toke long for it to react,

It 80 if it takos long for two oubotances to reast than At iz net
apentanocun’?

8ly He

I1 Io that unol?

B8l: Yon.

L: 8o that moans 1t muat roaet quilekly, for it to bo opentansoup?

gtudent responoes abeut the goncopt eatalyst.

Group L

X+ what ip o eotalyok, 832

831 Opeod up o roastlon but doos not undorge a chango or take part
in tho roactlen.

It It io uood 40 gpoad up tho fodetien without taking pore in

tho roaetlen.
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gtudont responses about the eoncept spontaneous reaction.

Group 2

I: pid you hear the word spanhtanecus?

Studento: yos,

I: Qounld you explain what the term means?

84t Something that happene over and over ayaln.

I: over and evaer.

83 something that happens an the sour of tho moment, It just

happona .

83t I don't think that the reaction can take its own oweet tine.

It Yoo, hut what dees tho torm spantansous mean?

81: When two elements conblhe without tho usa of a catalyost.

It of the whot?

51y Of tha catalynt.

11 dpentanecus reao in a roastien that takeo place without theo
uce of a qutalyoty

g8l: You,

Student respenoed about the gongopt cpontancous rooction,

Group 3

I: what does tho torm opentaneouc wmean? Doog it moan the reastion
hao &9 be fast?

81t Yes reactlion takes plase almeot immodiately.

Iy So a ppentonocuc roagtlen 1o o resectien that takoo plapa

immodlatoly.,
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%: Whioh is more reactive Zn or Mg?
Blt Mg
I: Looking at the relative positions of Zn and Mg in your

reactivicy geries, since they ase reacting with the same

subgtance. Bo can you infay anything firem the reastivity series?

[Btudento: vevenilencal,

I1 can you cay in whioh beaker will Cu be deposited fiiret?

8l: Sacond, copper would be deposlted firot.

Ii Do you ga by that. Do you think you can extract this from your
roactivity sorieog?

studentas Yes

Student responaes about the concept spontanvous reaction.

Group L

11 54, you were cvaylng the reactlion was very spontanecus. What did
you mean by that?

S4: What I meant is that a few of them did not ignite
spontaneounsly. It took a long time before it ignlted,

I: Sa what doec the torm cpontanesus reaotion mean to you?

841 Fagt.

831 You put it on top of a flame ighites gtralght away. Somae
chemloale, you havea to walt for a while to get 1t £lamed.

%1 81, whab doen gpontanesus mean te you?

81t Tt sarries en it 19 on going.

Tt It do on gelng..,..You mean Lt oan ke slow?

8l¢ The progens ia en going it doeo not go off.
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81! The reaction betwsgen lithium and oxygen is faocter than between
Ca and axygen.
T: Lithium and oxygen will be quicker than between Ca and oxygen.
82t hithium iz more reactive than Ca.
It S50 youx reactivity series is actwally a serles that tells you
what?
Sl: How faat the elements react with substances when thay cembina.
I: sould you people go by that? 0Ok, what I am golng te do new io go
ont the other experiment. The reactien of metalo with
solutaons of metal salte,
Now in relation to what you have said, I have twu egquations on
the boazd.,
[ 1} &n * QUBQy——--==> EnBO, + Mg

2} Mg 4+ TS0y ~-m--> MgBQ; + CW ]

It Now In terms of your reactivity serles, whiah in more reaastive Mg
or . n?

8l: Ma,

Ir oK, Wow if Mg i3 more reactive than 2n. Now could you tell mo in
terms of the reaction written above what con you infer from uging
the reactivity ooriea?

82t The weaker one gets displared by the octrenger one. Zn ia

stronrer than Cu szo 2n dipplages Cu.

%1 ¢k, and In the gecond case?

81: Mg ig atretuger than Cu and Cu ls dioplaged by Mg.

I: tthat nloe can you infer?

831 %nS04 and Mgsd, il formed.
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Group 2

I: could vou adeount for the arrangement of the metals when the
metals reaocted wlth oxygen?

811 Potagsium flirst because Lt was moat reactive with oxygen, then

sodium and then Lithium.

52: The alkalis mebals were Elrst.

I: How did you aocertaln which is wmere reactive? Think out aloud.
Don’t be ncared, I want to try an accertain what is happening
inolde your mind.

821 It burnh mora vigerouoly.

I: You oay its more vigoraus; lets get back te your guestien. What
are you implying whan you pay its more vigoroua?

£11 That it ls more roactive,

I: What does that mean vigorousm Ain terms of what?

8l: When potasolum io lnoorted into a gas Jar, the reaction is

almest lmmediate, spantansoun.

It The reactlan was opontanesus,

811 The roaction was almost immediate.

I: Rignt.

Bl: Hodium followad potasaium, magneslum followed caleium. You

" rot heatod petascium, 1t saught allight almest immediataely

f %he reaotlvity caries ig given.

K,Wa,Ld,Ca, Mg.)

I1 Valng your reactivity terlec whot oan you infer 1f lithium is

inmarted lu a gas jar of oxygen and whon ealelum io lnoerted in

a qan jox of oxvgen?
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841 I think that Mg will take the place of Ph. The pleces of metals
will float et the top.

I Is that all you can infer? That means Pb will be depoolited in
both beakexrs?

I: Yas. Looking at the relative poaiticns. You can see where Mg is
and where zinc lg. What other aspect can you infer?

84: Mg and #n are more active elemants than Pb, because they on top

and take place of the less active.

I: Which la mest reactive, Mg or 2n?

81: Mg it is highar up.

I: Ok, what domas that mean?

81: Mg le a atronger reducling agent and Zn ig a ptronger oxidlzing
agent.

T: And what does that mean?

811 The Mg would undergo oxidatlen. The Mg loses more electrona.

I+ More electrena?

Bl: Mg gave more eleatrona.

It In which baaker would wetaly ke depoalted faster?

833 In the Mg baaker,

I: why?

Bl: Because Mg is higher up in the serien,

Bl: Mg lose elestrons Faster than @n.

L: Do you agrea?

831 Yoo.... they loge relatively,

Btudent rooporinas about the conecept reactivlty and reactivity

parias.
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851 How fast something can be done.

X: Now, what ls heing formed hera?

§5: Lithium oxide.

I: Sa you are looking at the rate the Lithium oxide is formed
compared te galelum.

I: ok, in ordar to know the rate at which lithium oxide is geing to
be formad, should you not know the aguation?

851 Yes..., that sounds better.

84: Yes, to show how many typas.

I: Is it important to know how to balanse the equation. BAre you
paying that you cannot measure the rate without knowing the
eguatlon?

831 I think to an extent it plays an important part to know the

time taken for the reactions to form,

I+ Would tha reactlons be Impoxtant 1f you are trying to infer what
the rate would ha?

B84s Yes, because usually you alse use the halfway BUMS....».

It ¥ am golng to the displacement of metal fons in a solution of
their salta

[The following maries ie written down

Mg, Zn, Fe, Fh,Cu

Mg Y Zn /

Sl e Y A e i LT P e g

PhBO4 (ag) Fha0, { ag

I: Using the perien can you infor anything that weuld probably

happan?
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I: React faster with what?

8%: Faster with oxygen.

I: You think mo., What are you inplying by that? Are you saying
lithiwn oxlde is formed faster than caloiuvm oxide? Ia that what
you can infer from tha serlies?

E3,;4 & B; Yem.

I: Are you parhaps saying that lithium has a greater tendency to
combine with oxygen than Ca wourld?

{studentas Laughing.]

I: Wwhy are you laughing?

8tudents: Confused now.

i: Aspume you are talking of speed, ip the amount important?

84y ¥a, the greater the oxygen is, and the greater the lithium. The

more there ls the longer 1t will take.

I: Thae longer it will take.

84t Yem, in terms of spaed.

I: Are we talking about apeed?

55¢ It might take the same amcunt of time if we put a little more

oxygen in the second jar where caleium is.

Lt You are saying if we have more 1t will take a longer time. You
ara naylng the speed would be less?

851 Yeu, the cpeed would be less,

I: What do you mean when you talk of speed? How would you define
spoad?

81l: How lang it will take.....to %o form & new compound.

¥t A new compound like Lithium cxlde. Right oo Lf you measure rate

what doea tha term maan?
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7., Higtograms, (Appendix J1)

- Histogram showlng a comparlson betwean ptandeard 8 and 10 students
roopennas to the reactlvity questionnalre 1o gi ven.
-~ Hictoegram chowlng the atandard 10 ptudent recponsea te the

rate and equilibriuom guestlonnalre,

The responsen to each queptionnalta are dealt with in wore detail in

the next ohapter.



4, Comporison of standard 10 students’' reanltsa for the reactivity

and rate and equilibrivm guestionnaires. (Appendix G1)

A students tetect wan employed on the scorss of B2 lndividual
studento out of the 738 that wrote bBoth the standard 8 and the
stanaard 10 guestlonnaire. The studente’ average marke for the
respective guestionnairos were compared. The t-test Iindicates that
the average mark obhained by the 82 ptudents for the reapective

guagtionnaires doas net diffor significantly at « = 0.08,

A mmall, negative, non-slgnificant sorrelotion coefficlent
{Pearsun‘o rhoo ~0.12829) wao valeuloted for the marko of
individuals on tho twe guastisanalres, This indicates tho oboenga of
o relatlonship betwoon the marks of individuale on tho respective

guestionnaires,

8. Comparison of different schools regults for the rate and

equilibrium guestiennaire. (Appendix K1)

The porformanes of the vtandard 10 studonts of each nchonl for tha
shandard 10 guestionnoirxe lo given. Each cehool obtalnod on an
avarage 229-25%. Tho ochooln yeoulta amengst themoojven woro hot

algnitlocantly different at the 5% nigmifioance lovol.

€. Incdvidual ptudent responses to the reactivity and rate and

equilibrivm guestionnaires. (Appendix 1)

The total mark obtalned for the respective queatlonnaires by

each student la given.
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questionnaire.

The following null hypothesis Hg and alternate hypothesis H; are

aagumad .

Hpt The mean respohoen for atandard 8 and 10 are equal-({@ ﬂ.{&g-}
Hyt The mean respences for ctandard 8 and 10 are net equal.
(Lo dfp == 40

(The leval of nignificance is taken to ba % = 0.05 op tle BY
plgniflcance laval)

The probabllity of getting a t=value ap large as 2.3035 3 N, io

trae 4o 0.0216. Therefore H, io rejected and we cenclude there in
plgnificant differense betwoon the mean of ctandard 8{%@) and tlo

moan of otandard 10{%10} at = 00,05, (otd.d mean = 24%, ptd.lo

moean = 21%),

2, Comparison of different seheols' regulbs for the reactivity

guestionnaire (Appendix 21)

The performance of the standard 8 otudento of ench seheol for the
ptandard 8 guestiennaire io given. The aversage performance at all
the gchoolo wao poor. Behosl number 5 (38%) did oignifieantly
bhatter than tho B other sehools, but the othar pchoolso did not

diffor slgnificantly amongot themoelvesn, (19%, 23%, 17%, 23%, 2i%)

3. Standard 10 resul*s for the rate and eguilibrium guestiennaire

(Appendix ¥1)

1}

Tha overall reaulte on the rate and ogquilibrium questiennalre by the

standard 10 atudento inglude the mean percentages for the corrooi

ragpenoe for sash gquootion. They fall botwean 5.5% and 33,6%.
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correot/wrong ratio is the same irrecpective of atandard.)

The fellowing null hypetheals H, eand alternate hypotheslo H; are

apsumad .

Hyt The repponpe ia lndependent of standard.
Ryt The response is not indepondent of ptandard.
{The lavel of nignificonce is taken to ba = = 0,05 or the 54

glgnificance level.)

For gquestion I the probability of getting a valte of X° ao large ao
ealoulated ip 0.730. Sinca Prohabllity > 0.05, E, lo not rejected
and wo conclude that the standardn are not different in their
reaponces at @ =0,05.

A sinllar conelusion holdo aleo for guoations 4,%5,6 and 7.

For questlon 2, the probability of getting a value of X* ag large
ag caleuloated . 0,037,

gince Probabllity < 0.05, Hy is rejectad and we conoludo that the
standards are dififeront In their reosponpes for this guention.,

A aimilay concluplon holde far gueotlons 3 and 8. In all quontiono
(2,3 and 8) whers there is & oignifisant differense, standard 8

gtudento performed better than standard 10 otudentso.

A Btudante t~test was employed te compare the everall average

obtalned by the 41) otandard 8 stodenta for the standard 8

queationnalre with that of the 23% gtandard 10 students for the pame
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3. Standayd 10 resulte for the rate and equilibrium gquestionnaire.
{Appendix FL)

4. Comparises »f standard 10 ctudente rapults for the reactivity and
eate and egquilibrium gquestiennaires, (Appendix 61}

5, comparison of different ochooks reoults for the rato acd
egquilibriuvm guectlionnalra. (Appendix H1)

6. Individual ntudent reoponoes to the reactivity and rato and
eguilibrium guestionnalres. (Appendix 1)

7. Blotogramo. (Appendix J1)

1. Comparison of the standard & and 10 results on the reactivity

guastionnaire (Appondix pl)

thio gquantionaaslrs was written by 411 ptandard 8§ ond 235 ptondard 10
students from & different oehoolo,

The average percent sholeaa by those otudanta for tha cogrect
rooponsen and the ascompanying eptlenn for each guention of tho

reagtivity guentionnalre are given.

For the purpescea of the compariocon the remponcec for the
multiple~choice gquestionc were treated ns elther G[{wrong) or
l{correst) L.o the reoulting fata io not normally distributed. » X2
tepst wan then employed to compare the rooulto of standard & studonte
to those of otandard 10 otudents for the standaxd 8 raastivity
guentionnaizro.

A Chi oguared test for independensa wao carried out to determine
whether or not the correet/wrong roopence in indupondent of whather

otudents are ptandard 8 or ptandard 10 (i.e¢ whether theo
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¥ . + e - +
I
Concept Rate | FBguilibyium |
I [
spontansous reaction - | agullibrium i
| [
aatalyot rate | - i
| I [
Be | - ] eguilibrium |
] | i
FAY; ! - |  eguilibrium i
+ + ot et [
|
ptrength of oxidioing agent - | equilibriom
|
roastivity rate | equilibrium
I
reactivity oeries rote | eguilibrium
|
electrochemigal poriec - | eguilibrium
I
* + - +

In an eorlier “pllet otudy" by Bapos, et al¥, questions related te
the above ceheepts were aloe incorperatod. Seme of the querulens
dogigned in that study wora unoed unchanged in thic otudy. Others

wereg used in partially alvored form.
Rogults

The recults of the foliewing anslyoes are given in the appendiges as

nhown below.

1. Comparloon of the ptandord 6 and 10 rosulto on the standard 8
roaotivity queatieonnalre, (Appendix DL

2. Comparipon of difforont schoolo reoults for the otoandard B

reastivity queotleinalre. (Appandix EL)
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CHAXER 4: REACTIVITY AND RATE AND EQUILIBRIUM QUESTIONNAIRES

STANDARD 8 MAD 10 - CONTENTS AND GENERAL OUTCUOMES

The reactivity guestionnaire wap dwsighad to aspcertain wtudents
undarstanding of the soncepts reactivity, reactivity serleo and
related convepts tested earlier in the interviews. 'The distractors
used for the gquestions, referred to poasibie misconceptions. The
goptents teoted by the guestlons were concepts within the framework
of the toples rotep of reaction and chemical equilibrium.

The dletractoras for the gquestisns on geastivity cerles had a "rate
bias®, i.e. they ilnveked a gonnectlon between rate of reaction and
reactivity. Hardly any distractoern were related te the overall
energatics (sguilibrium) of the rsactison. oOptiohs puch as "nonhe of
the ahove" ware lucluded po that, Lif atudents felt that the optlone
which were given did not relate to either the kinetic or the
tharmodynamie implicatione in the teym reastivity, thoy could choose

theoe eptiona.

The rate and eguilibrium gueptionnalre was denlgned to test whethar
atudents aould distinguish hetweon rates of reactlon and chemieal
oquilibrivm,

Dlotractorns wore rolated to both tha wate and chemioal egullibrium
agpectn of reactlens. The questlonnaire aimed te test whether the
speelfle cencepto glven below vare Lnterpreted in a kinetic or a
thermodynamic senge., The correct assgelatien of the spesifle uencept

with the general concept of "rate" or "equilibrium", is given below.
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@2, 81 (Ne, no ...) to 81 (¥e#, it could...)).
Btatemente (1) & (2) give the notion that students are aware that a
catalyst increases the rate of the reactlon, but they also clearly

do not know how a catalyst works.

Exothermic and endotberxmic reaction.

students could not differentiate between two diptinct proceases Li.e.
the initial heatlng of lithium and the subezequent reagtlon of
lithium with oxygen whicr ie an exothermlo process. Wwhether the
overall reaction of lithium with oxygen was emothermic or not was
not elaar.

Lithium wap heated before a reaction took plase and the reactien of
lithiym with oxygen was therefore considersd %o be endothermic.
students therefore could tot distingulsh activation energy (a
kinetie concapt) from the endothermic nature of seme reactions (a
thermodynamic concept). [p 48, 63, I (What Ils ...) to 51 (You making

cesdls

Studenta did not suggest that a thermometer ls an lhstrument that is
an extennion af their reyse of touch and that it could be used to

indicate whether a xeaotion is exothermie or endothermic.
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2. The reaction takes place without any time delay and is immedlate.
{Bomathing ..,.) to 81 (I dén’t...}]1; [pp 42,43, G3, 81 (Yes ...}

to 81 (Yen...)1 & [p 43, G3, 82 [If you ...} to Bl (¥Yes...)).

3. A spontanecus reaction doass not reqguire a catalyst.

[p 42, G2, I {Yes ...} to 81 {Yes...)).
4. A spontangous reaction takes place without heating.

[p 43, B3, 82 (Spontaneous,...) to 52 (Yes...)].
Statements {1),(2) & (3) link the term apentanecus to speed, and
gpead i implieltly linked to "time”. Students appear teo be linking
the gonsept of epontaneity to time, which falls in the provinue of

kineticn,

Statement{4) may be linklirg the coneept with thermodynamics, pérhaps
implying thet an endothermic reaction is non spontanesus. However

this too may be kinetia - ie implying a low activatlion energy.

Catalynt
Two lmportant polnts of view illustrated by the interview statements

aref

1. A catalyst speeda the rate of the reaction without taking part in
the reaction.(my ltalles)
[p 43, ®1, T (What 1s ...} to 83 (Speed up,..}]. [p 44, 63, Bl (A
catalyst ...) to 81 (B eatalyst...)).

2, The application of "heat" to lithium when reactinyg with oxygen
was considered by pome as a catalyst,

[p 45, G3; I (Li was lnserted ,..) to 85 (¥es...}]. [pp 46,47,
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The general description of reactivity series was simply as a series
raeflacting how reactive a metal is, without understanding what the
term reactlivity meant. Many responses exposed lack of c¢larity and a
sense of uncertalnty regarding the goncept reactivity. Terme llke
apontaneous, wvigorous, mtrong and weak were used to explain the
congept of reactivity, without any sgpecific sclentific meaning of
the terma. They seem tc be used rather like alchemists might have
used them - almost anthropomeorpliic or animist. [p 28, 81, sSl{It ia

probably the...} to 84(It is so much ...}].

A reactivlty series was considered by some students not: to he a
general concept, but specifically linked with reductioen.

One etudent aleo gave the metals 1ln the serles axrbiltrary values,
thus indicating perhaps that it wee geen as analogous to an
electrochemival series. In school textbooks the electroshemical
series ie the only "reactivity series” which ie associated with

numerleal valuss,

No students referred to egullibrium or extent ar direction of

reaction in talking about reactivity and reactivity series.

Spontaneous reaction.
The follewing aspects pertalning te the students understanding of

the term spontaneous reaction were highlighted in the interviews:

1. A spontaneous reactlon is fast, [p 41, Gl, T (So what ...} tc S84

{FaBh.vu}].
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Reactivity and reactivity series

Interviewed students often described a reactivity series as & smeries
reflecting the relatlve sp=ed of the reactions.[p 27 €l, I{Sc are
you,.} to 823{¥em)]:[p 40, G3, Sl(%he reaction...) to 81 (How

fagt...)}

The more reactive metal in the displacement of a metal from a
solution of its selt wap conaidersd to displace tle uetal faster
then a lesa reactive metal.

Students tended to judge all these reactions by speed {kineties)i.e
the rate at which metals are deposited or the speed with which
metals are "kicked out®. [pp 32,33, ©Gl, I{Lets...) to 5}
{definitely}); [pp 38, G2, I(¥Yes.} to B3(Yes.}] & [p 46, &3, 81
{The reaction...) to S1l{Bow fast.,.)]

Though students viewed the reactivity in terms of rate they falt
that if the amounts of reactants lnereased, tha reaction would take
longer and conesequently the rate of the reaction would decrease.
Ideas of reactlion rate are not at all elsax. (pp 33,34, G2, I{gould
you ...} to 81{Teachar told ...)] & [p 26, B2, I{Assume ...) to

Sl{How lonhg...)]

The rate view of reactivity which was earller adopted wh ..
desceribing metales reacting with oxygen, sweemed tu be tacitly
transferred to the reaction of metals with solutlona of various
metal salte.

The 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?

8i: A reaction that absorbs heat during a reaction.

T: Sometimes you supply heat to resctants, but when the reaction is
started energy ie glven off. 8o do you mean that when heat is
required for a reaction te take place it is endothermle. Or must
the overall reaction be accompanied by the absorptlon of heat?

8i: You making me think.

52: Endothermic,

Sl: But heat waz glven off, therefors it is exotharmic .

I: ok, =an a catalyst speed up an endothermis reaction?

gtudentss silanca.

I: Ok. Letz move oh. How do you know when hea® is given off in an
exothermie reactlon? Do you have to ses light in an exothermic
reaction? How do you recognlse an endothermic resction? How
would you test ror it?

81: If you feel the heat, then 1t is exothermic,
3.2 Discussion of standard 8 interview responses.

In the following discusaion links betwesn tranacript statements and
analywis clalms are glven ln the format [page numbex, group of
studanta, student no,{starting statemenc) 5o student no.{ ending
statement]. An example of tha short notation would be [pl0, Gi,

T{From the...) to sl(No, not powerful...)]

The students interviewed had a p-or understanding of aspects related
to the concept of yeactivity. The most significant misconceptions

ravealed by these interviews are reflectad helow.
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misunderstanding arises probably bescause students are aware that, on
heating, the rate of the reaction increases, and that a ocatalyst
also inerespes the rate of reactlon. The heating can have both a
kinetic and a therxmodynamic effect. A catalyst has only a klnetic
effect.

In everyday usage the word catalyst is not limited to gubstancen.
change or action may be "catalysed" by all manner of non~substantial
thainga, This may help foster the pu.mlptence of this misconceptioh

in ohemistry.



70

I D.Inon ppontansous because ( ) .
Na had to be heated. 1 11,0 1 17,9

. E.Icatalysed because the . . .
heat supplied was a
catalyst for the reaction. 14,2 13,2

Discussien,

Students were prasanted with a variety of dipcractoro testing a
nunber of mispconseptionn. Reapohoe {®)} demanstrates that gtudento’
eonoaption of an endothermle, or exothermle reaction lo net clean,
The everall reaction la exothermie as reflected by about 20% of both
samplas cheosing the sorreat eption (A).

Approximately 23% and 12% of the respootive groups chose optlon

{Q), dndicating that thoe reaction 1o opontancous begoupe the
ronction is ropld. The exlotonce of this view was chown in

gqueation 3.

Options B + D + B all fooun on pro-heating., All thepe attach mora
lmportance teo thio, than tha oubsequont exethermie roagtion. 48% of
standard 8 & 10 therofore gompletely miounderatood the purpece of
heating the podlum, although thie majority munt have oeen it

demonstrated.

Interviews conducted amongst the standard elght atudents phawed
that "heatdng " is regardod by pome an catalysing. Xndeod Lln beth

groupo about 13% of the atudents chooe option (E). Thia
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Quention 4.

obdectivet To tept whether students can diastlnguish betwean

avothermle and endathermic reactiona,

An exotharmic reaction is a reactilon in whizh energy ie liberated in

the overall reactloh. In this question the heating of sedium is

affootively providing activatlon energy. However the averall

roaction of sodium with oxygen is an egothermic reaction.

*Hoat" cannot ba consldered ag a ecatalypt. A aatalyst for chemiwal

raactions io o subotance,

pueation 4

When N4 ls heated in o deflagrating spasn, and then insettod Iin a

gaa jar of oxygen, there im & vigorous reastlon with oxygen

accompanied by the emission of 2ight. The reaction »f Na with

oxygen aan be conpidorod to be

roogtion woo rapid.

o g i
L4 T

i i i Fhaoe 1 | i Phaon 1 _T
i I Optionn {atd.aatudantn}std.lo ptudento {
i i i %/optlon g A /eption {
| = {No respanse L 0,7 | T 0,4 ;
et . + s mr e
#. |exothermic bocause energy lo
Ilberatad in the form of light. an 40,0
from s + + ——
P, |ondothermio hesavce Ma was | |
hoated before the reaction |
! .aould take placo, 23,2 17,0
. c.'apontnnuoua bacoanae the ' i ) !
13,4 { 11,5 [

0 e 1
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respeative groups chose this option, illustrating that they perceive
1 #pontaneous reaction as one that takes place without any delay.
this view was also expressed by the students that were Interviewed,
Thie misunderstanding of the term spontaneous 1z probably due te
it's everyday usage. The term im ususlly meant to lmply that the act
is voluntary or taking place at it's own accord and without extsrnal
incitement. By thie cerm, sudden movement ilp also implied.

About 20% of the standard 8 and 37% of the standarxd 10 students

falt that a spontateous reaction takes place without heating. Thio
moy be reflecting the came banis view, namaly that 1t takes placa
without delay. If so, then 80% to 80% of all otudents hold similar

views on spontahalty.
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Quett.ion 3.
thjective: To test students perception of the consept epontaneous
roaction.
A aponbtaneous reactlon ig a reaction that Ls thermodynemically
favourable. Howaver the rate at which the r-activn will cccur ls not
predictable. A spontanecus reaction may give off or absorb energy

l.e hoth endothermic and excthernie reactions can bs gpontanesua,

The shortrness of time lag for the reaction to coour ia not &
criterlion for the spontanelty of the reaction. Time falls in the
provinee of kinetien.

A ¢ ie the criterion for spontaneity.

puestion 3

A spontaneous reactien is a reaction that

i | i Phase 1 i Phapoe 1 i
I | Cptiono Isud.a ntudantn{std.lo studentui
} % i %/option } %/option
b urhn - st e
l - luo regponso i - l - . 1
i A.ialwaya givos off enorgy. i 1,8 i 1,7 ) ) }
i B.ialwaya ahoorbhs aenetqgy. i 24 i 1:;“ i
i-c.itakaa placge without any delay. | 58,4 i B4,0 —-T
i D.ioccura without heating it, i 20,4 i 37,0 T
i;E.ican aceur, however it could ;e i ) T ;
I [fapt or slow, I 10,9 E 6,0 I
e + e ——— +
Diseuapion.

Optien {&} was the mest popular xocponpe. About 58% and 54% of the
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i c.+.K will react with more . . -
Lol oxygen than Na. ! 3,7 | 5,5 t
I D.. the reaphivity serles can I | ;
be vsed to pradict whioch
metal would reast the
! fastest with sulphuz. 1 7.3 1 8,9 i
' E.’ Nona of the ahove . . i
gtatements io correct. ;
I ! 6,6 l 11,1 i

bimousslon,

2 fairly large parcentage of both groups cheoss the correot

optleon {B). Thisc answer was an obvioun choice, and it is surptising
that not more than 66% chose 1.

the cholee of optiono (A} and (D), totaling about 24% of both the
groups of atudents, indieateo & balief that the relative opeed with
which the metals react con be deduced f£rem the roactivity serien.
Cholce A in probably a relatively okrong dlotractor ao many studento
hava peen the reactions conoarnad.

only a amall percentage of the students chooe eption (€), indisating

in affect thelr belief that reastivity io relatod to atoichiometry,
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Question 2.
Obiective: To apoertain students interpretatlion of the reactivity

paries.

From the glven yeactivity sexies Lt Lls not possible te predict the
rate at whioh the respective metals will react. Even though
potagoium is abave sodium in the reastivity serles, it does not
necegnarily imply that potasesium will reset famter with oxygen, nor
that 1t will react with more oxkygen. The lattey can be determined
from the ateichliometry of the balanced eguatieon of the reastion.
Both the kinetles an well as the thertmodynamies of the reaction are
in seme way inplieated in the term recstivity. Gold ccouples the
lowest peosition in the reactivity serdes attaghed to tho

guestionnaire.

puastion 2
The following statements are given below:
Use the acoompanying reactivity series for metals and henoe choone

the mogt approprlate response:

l i Fhaoe 1 i Phope 1L .
Optiong %Std. B atudentsl 5td.10 otudentn
| ! % /option i B /option
i - éNa LeAponne i 0,7 i 2,1 i
| n.' R reacts faster with oxygon i i' '
I than Na doen, I 18,9 % 14,9
'#B.' The least reactivo metal i i— |
ia An, ! 65,9 i 87,4

e e
T L]
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Some gtudents also felt that a catalyst "initiates " a reaction.
This is reflected in those whe chosa € and E (= 12 % std. 8; 14%
std. 10}, Thie view 13 not unreasonshle ap many reactions proceecd
extremaly slowly without a catalyst, It therefore may appear as if

reactions are inltlated by catalysts in some cases,
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T T i Fhase 1 i Phase 1 i
I I QOptiona I std. B students I 2td. 10 students E
{ { t/option i $/option {
j_- l Ho response |L - i - l
| a.i': | 78,8 1 75,3 |
i B-i 11 l 1,8 ] 3,4 i
i c,j_ LII l 2,7 | 0,4 i
o | [ L !
in | Iz & v i 9,5 | 14,0 i
Digeusgicen.

The results of this gquestien give some caume for concern.
Appraximately 75% of both the standard 8 and the standard 10
students balleved that a catalyst speeds up a reaction without
taking part in the reaction, This probably astema from the idea that
bacavmse & eatalyst undergocs no overall chemiwal change, it dees not
take jart in the reaction. The idea of regeneration as the reaction
nranceds Le missed,

One standard 9 textbook?® used by students transmitted this
misconeeptlon. The textbook staved that "a catalyst speeds the rate
of a reaction without partigipating in the reastlen®. BStudents at
standard 10 level retalned this mieeonoceptien; they had used the
same textbook when they were in standard 8. A largs percentage of
the students in standord elght used thle textbook as a major source
of ilnstruction. sStandard 10 students alpo used the standard 10
version of the physlocal sclence textbook by the same author. The

same misoonception was still evident.

S e e e me s e o ...
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Question 1

Objective: To test students understanding of the term catalyat.

chemical reactions have two fundamental aspr.:s5. Firstly there is
the rate at which the reaction cecurs snd secondly there 1z the
posltlon of the sgquilibrium. Catalysts are contihucusly ragenerated
during the converslon of reactant to product. Because they are
regeneratad it does not mean that they do net take part in the
reaction., A catalyst affecte the rate of the reaction and not the
yiald of the producte.

If the reactlon is thermadynamlcally unfavourable the addition of a

catalyst will not make it thermodynamically favourable.

Question 1

I. A catalysh speeds up the rate of the reaction without taking
patt in the reaction.

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

ILI. A catalyet initiates a reaction.

IV. A catalyst incrsases the rate of the reaction.

Whizh of the above statements do you congider to be definitely

appropriate?

# indloates correct reeponse
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students were directed to use the following reactivity series in the
guestioens unless otherwise stated. This reactivity =zarles has been
taken from a standard 8 Physical Science textbook without any

modification.

Reactivity series for metala

Ba
ca
Na
Mg
Al
Zn
Fe
Fb
(H)
Cu
Hy
Ag

AU
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CHAPTER 5: OQUESTIONNAIRES

An analysiz of the reactivity guestlonnaire is undertaken first.
Thareafter the ana'ysis of the rate and equilibrium cuestlonnalre
follows. The rate and equilibrium gquestionnaire contains both

multiple-choice questions and open ended guestions.

5.1 Analysis of respohses to the reactivity guestionnaire.

The original guestlonnaire appears in Appendix Al.

Both the standard 8 and 10 atudents were presented with a varlety of
guastions which aimed to test thedir u: * ' 4ing of reactivity and

related concepta. In this section, the responses of the studenta are

dlsgussed on a guestion-by-guestion basis.

The chiestive for each of the eight multipie choice questions is
glyen, together with some explanatory remarks. This is followed by
the multliple-cheice eoptlons which are individually analysed. There

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

The gorrect response is marked with an #, and the percentage of
gtudents from thes respectiva astandards selecting each respunae ie

indicated for eath question.
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puestion 1
Objective: What information lb extracted from the stoichlometric

equation?

How far a reactlon goea and how fast a reactien is, cannot be
pradicted on tha bapis of a halancved chemisal aguation.

Quantitative information on rate can be retrieved from the rate
aquation, whioh is ebtained from experimental data. The rate
eguation may be of any order and therefore we cannot make a
guantitative prediction from the halaneed chemiral egquotion. In some
rmanes tho rate law happenc to reflect tha stolechiometry of the
reagtion, but it is important to note that this is not always the
aape, The vate law io pomethlng arrived at by experdiment and cannot

be inferved almply by looking at the roaetion eguationd?,

pueation 1
The balanced chenical eguation for the reactlon betwesn hydrogen and

nitrie oxide is
ZHy ¥ ENO  mwwmaed> 20+ Ny

glven this equatieon deolde how the rate of the reaction in

influonmed by doubling the concentration of NO:
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5.2 Analysin of responoes to the rate and equilibrium

guectionnaire.

ths origlual guastionnaire appesars in appendix Bl.
Standard 10 students wers presentad with & variety of dguestlena
which tested tholyr understanding of reactivity and related concepisn

puch as rates of reaation and shemical equilibrium.

students ware praesented with seven multiple-choloe questiono ond two
openwended quagtions, The corvest response £ur the multiple-choles
queptiona ig marked witn an #, and the percentage of otudonti

pelocsting ench response Lo Indicated.

The objeative for asoh of the ssven multiple alolece quaotions and
the open ended questloens in gilven, together with coma explanatory
remarks. This le fellowod by the multiplo~cholee and open-sndod
guentlons which are individunlly analysed. Thore iz bricf discusoieon

of the chalce of optlono by the renpendento,

Some of the guestiens in thio ropearch study hod been uped in a
cqueastionnalre deslgnad te tent the mlosenceptionn of a greup of
gouth Afrisan teachera on aspesto of rate of reaction and

chemical eguilibriumd. Othor guentlonc in thot otudy wore pimilar

to those in this research. Whare tho gquentionn In tha earlier atudy
are ldentical te this study, percentagos for all the optlenc chesen
in the earlier otudy aro given. Where the gueotions in that study
are pimllar to thope in whis study, porcentagos for tha prineipal or

sooohidary mloeconsoption rolowant to thls study are givon,
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o, L . !

Tina ol

D |The order of the reactivity
sorles for the metals never

changes lxracpective of the

pubntances they react with. 44,3 37,9
why, . L +
#L. |Hone of the above astatementn

ip eorzect. 17,1 8,8
i, oo e _%
Diceusalion.

A large psteontagoe of both groups chone option (D), that tho

poaition of tha olemants in a roactivity series il invariant.

fadrly large poreontage enge agoin take thoe reastivity serles to be

oome port of a "rate ooriec". Since this is already ohewn to be &

widoly held minoonceptlen, it ip underotandable that this ohould

happan. Henee the percentage choooing eption D might well bha higher

if thero were othaer, lers pepular distrastern.

F
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Quention 8
ohjactive: To determine whether otudents take the positien of the

alomonts in o reactivity corios to be invariant.

Blemente high up in the seriesn da not have groater ensrgy than
elements lower in the series. The ewder of the xsastivity serles is
not invariont. Meek?? points out that thors are many activity seriea
although there in only cne olestroshemleal zeries.

Tue relative ratoen at which hydrogen is liborated ean only bo

aﬁtainad from the monoured raten of the reactleonn soneorned.

Queation &

whiech of the following otatomento about the wotal veagtivicy verlos

la true?
Frsmmte h * . *
Pheoo 1 Phaoe 1
options ptd.8 ctudentalotd.10 ptudents
| | | % /optien ’ ¥ /eption 1
L " iﬂo rpanpente . j - i 0,4 i
| A.lnlamantn high up in the perieo ' ' o
; Lhnva a lot of onorgy. 10,90 8,5 i
. B.IMatalﬂ highar up in the serios | | '
wlll reaet fagter with
aelutionn of motal palto
! Lehan metaly lower down, i Py I 33,8 i
.wc.lwhane motalo immediotoly abovo | ) .
hydzrogen will reaet with dliute
asido to produce hydruion
fagter than a motal further up. 6,1 9,9

HFameeh . o oot -
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biscupsion.

onee ag in the student redsponses indieate that more than half of
them ho! i the view that a reactivity setdess ia & serles that gives
information about tha speed with whieh the element willl react.
Dlptracters {A}) & (B} reflect the above aspertion.

only about 20% correctly indicated that the rates of reaction could

net be predicted.
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Y

i,

Options

i,

Phase 1

]
s5td,8 student |8td.l0students

% /foptien

i

Fhaga 1

% /option

.
T

| = |Ne response

1,0

0.4

A

.
¥

The reaction in test tuhe (2)

will be fagter than that in
tent tube (1), hecause chlorine
le highor up in the reacstivity
peries from lodine than

from bromina.

4

14,8

11,1

-—h

B

The reagtion in test tube (1)

will be fagtar than that in
taat tube (2), becausa hromine

is more raactive than ledine.

&

R
T

45,3

45,1

+|The spe . d at wnich the reaction
In the respective toot tubes
will take place cannot be
predicted frem the reastivity.

parien

o,

e
T

2046

17,9

« |Tha reactlion of eohierine with
hoeth pelutlons will not be
spentanesus beoaune no heat

io oupplied,

10,3

12,8

e
T

None of the above gtatementn

ig corraect,

8,3

12,8

F——

4
T

[
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oObjeative: Interpretation of the halogen reactivity series.

oOnce more the spsed with which a reactlon takes place cannet be
predicted from the halegen reactivity serles. thlorine baing higher
up in the reactivity series from bromine and higher up still from
iodina, dess not necssparily imply that it will react faster with
potasolum iodide solutien than with potassium bromide sulution.
Chlorina can hewever displace both bropine and ledine from theliy

reopective salte,

Puegtlan 7

chloring in bubbled at the same rate through solutiona of K and
KB, in the respective teot tubee (1) and (2}, The solutions are of
equal concentrations and of egual velume, Frem the halogen

reaotivity sarles given helow, the fovllowing can be soncludadi

Cla(y) cizi{g) Halogen reactlvity cexlen
F2
1 ( Y el
Bry
m_———— - 1
KBEgq [®%gq ]

(1) (2}
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— * + -
| j Phase 1 | Phase 1 |
| I options % Btd. 8 atudents istd. 10 students I
I } i %/option i % /opticn i
l an repponsa i 0,5 i 0,4 i
B N T
| .j:x i 23,2 i 11,5 i
T c.i: II 9.111 i 24,9 [ 44,7 t
l_nji:v 1 23,2 J 17,9 1
| ®.|1oD i | i
ll l 10,7 { 18,3 |

Dlaouseslen.

only about one £ifth of hoth groups chone the correct optien{b}. In
guestlon 5, only 9% of the ptd.8 and 13% of the std.10 did not see
a sonnection betwaen rate and reactivity (option E) as ocompared to
23% gtd. 8 and 18% std. 10 in thile guestien. A lower percentage
aould not agee the somnectlon batween rate and reactiviby in guestion
$. Yhis io probably because of more plaunible distractore in
guestion 5. In queotien 6, higher permentages did not inveke a
asennaction ketween reastivity and rate because the alternatives were

ooupled and thus the choleen of options wore lens soattered,

optlon (A) ueea the term "readily" vhich is nmbiguous an to whethar
it is kinotie or thermedynamice in sense, Honce optlon {A) 4in
amblguous, Option (€) includes T & probably indigates o kinetie
interpretatieon of "readily" plnee II & IXX are "kinetic cholces",
Honso the overall kinotie oholoa Lo B + ¢ + B = 9%, otd 8; 74%, otd

140,
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guestion 6.
Objective: To ascertain students interpretation of a reactivity
series.
By uaging the reactivity series it is not possible to say which
metal coempounds would decompose readily or what the relative rates

might be,

Meok?? reports that literature figures for the minimum temperatures
for decompositlon of sarhonates show wlde variations. Hence the
action of heat on carbonataes should not be used Iln building up an
activity geries, The literature figures for magnesium carbonate

vary from 23000 to 6080%:, for example.

Meek?d alpo points out that a reactivity sexien gives ne informaticn

about the speed with which metals will react.

Question &
conelder the following statements about the metal reactivity series.
L., Compounds of metals at the top of the serles decompose more
readily than compounds of metals at the hottom.
IT, A reactivity pexies ie & serles in which the metal reacting the
Fastest ip placed at the top.
IFI. A venctlivity ceries predicts the relastive speeds of reaction of
metals when reacting with any substance,
IV, A xeaotiviby serleo gives no daformation ap ke how Fast a
raaction of a metal wonld caoux,
which of the above ptatements would yeu consider to be meot

oppropriate?
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Studente choasing these optiona may in prrt reflect the unclear

manner in which sonme of the current standard B texts are wriltten.



73

Ha I Phase 1 ' Phase 1 I
optlons std.8 students|std.i0 students
% /options %/option
i -i Ho responge i 0,5 i 0,9 i
I ;I gine will reaoct faster than . I
lead with the copper sulphate
1 solutlion. ! 30,2 t 26,0
' BI Zinc will react slower than . ! 1
lead with the gopper sulphate
! solution, 5,1 t 5,8
. cl ﬁoth matale wuula react l i i
with the same speed. 17,1 11,5 :
| D' Copper will be ﬁéposited . I . l
more rapidly in beaker (1}
than in beaker (2) because
zine displaces copper iono
fagter than lead does. 7,5 43,4
.#E. None of the above i i .
statements is correct. 8,2 12,48

+
F

bigoussion.

All the opticna, axcept B, invcked a connection between reactivity

and ralative rates of reastion. Approzimately 90% of both standard 8

and 10 students raesponded In this manner, with options A+D (60%)

baing the most favoured,

& e e b e bk 1 7
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Question 5.
objective: Mo apcertaln students Interpretation of a reactivity

series,

The reactivity series used In this guestion is assentially a
displacement series, giving ne information on the relative rates at
which metal ione will be displaced from the relevant salt solution.
From a reactlvity egeries one can predict which metal will be able to
digplace a metal lon from a sclution of it’s salt. The above is

essantially an eguilibrium statement.

Puestion &
Egqual numbers of moles of lead and zinc are placed in the same
concentrations of copper gulphate solutions in respective beakers.

{pee diagram}

an

e i g -

Cusd,{ndg)

(1} re)
The reactiona in tha respective heakers are given below

1. Zn(s) +  CuSO4(ag)  ~eweme~m=>  EnBO,{8g) + Cu(s)

2. Phis) +  CuSQ4(ag)  ~=-—www~nd>  PhE0,(ag) + Cuis)

¥Whish of the following statements can be inforrved from the

accompanying metal reactlvity series?
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Question 5
thjective: Iz a greater voltage taken as ipdicat.ng grestaexr

current?

Tha E® values tell us whother or tnot the reactlons are
thermodynamically favourable, but not how fast reactlen actually
does ogeur.

Ag with any chemiocal reretion an slestrochemleal reactlen (i.e. one
sohducted in a cell) onoe started, for example by olesing a swilteh,
may proceed at almoet any concelvable rate. The electric current
that papses in the external circuit ig s manifestation of the rate
of the overall cell reaction. Just ap for chemleoal reactions
generally, there is ne necespary connectlion between the extent of a
reaction at eguilibrium and the rate of the reactlon, so in
eleatrochemietry, thare ls ho nocessary connacslen between cell emf
and currsnt, The purrent, but net the emf, is affested by oell
consvtruction and is dependent on the typical factors of reactlons
in genarxal such as temparature, surface ares ete. (Bradlsy and

Brand'?; ogudeld)

Puestion 5
In the follewing electrochemical cell reprasentatieons ammetere Ay
and A, are connected with ldentieal soppar wires to the respective

calls,

R
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the previous research study (see table). EY values appear to be
uped ap kinetio data by 50% of the teashera.

Thus although teacheras were gpomewhat more succensful, it appears
that fanlty teaching may be eontributing to thin mioconception

amsngst gtudents.

| ! i
| oOptlens | Teachers/s |
f A | 25,0 |
- + -
| B ! 16.3 |
| c | 8,7 |
R
# & | 50 ]

I I

+
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. options .std. 10 students I
% /option I
l - 1 No renpuﬁse i 0,9 i
a.' ﬁeaution (1) la faster than reactlon (ii) ‘ N
L beoause the E? value in lerger. 1 28,1 |
. B.I Reaction {il) ls faster than reactlon (1) i '
| begause the E° valte io smaller, i 12,3
I c.. Reaction (1) ip fogter bacanse chlerine ' I
I in & otronger oxddant than bromine. i 20,4 i
I D.. Roaotlon (1i) ia faoter becouse the ]
cencentration of Foft in twice the
congantration of Ni. 6,0
+;;T+“~mhe fanter of the twe resctions I
cannot be predicted. 32,3
Fomuck ; o+ +
Dincucoion

Onue agaln only 32% rejeoted the link between rate and aoll emf.
(ues queption 3},

It wos once agaln noted that approximately 28% of the studento chose
eptisn (A), indieating that a larger E® value iwmplieo a faster
roaatien.

About 20% of the studento shoso option (€) 4nd, in deing sme,
indicated that the otronger the oxidising agent the groater the wate
of the reactlien.

25% &f tho toacherso alao thought that o larger E® value would result

in a greater rato of reastlon, no was reflected by thalr reopsnse .n



92

Question 4
Ohjective: Are EO values taken as en indlaatoer of the rate of the

reaction?

The cell potentials of both reactions given in thio questlon are
pogltive, indicating that chemical enerygy can be convarted to
elentrical energy spontaneously.
The gell potentiale are not indigative of the rate at which the
reactions take place. Even though the ptandarxd cell potential of
Wi{s)/N12% (ag)//CLa(g) /C1-(ay) Lo much higher than that of
Fe?*(ag) /¥a’*(aq)//Brs{g) /Br™(aq), it cannot be concluded that the
firet reastion is faghsr, While the oell potential enables one to
predict whatlar a peastion san ocouy spontanapusly, it does not
allew one to infer that it will procveed rapidly of even ut a
meagurable rate.
The kinetics of reactlons alsc cannot he extracted from the
ptolohiometric egquaticns.
Queation 4
Standard cell pobentials for the fellowing romctions are
glvan bolow,

(i) cl; + N m NLT* 4 20l EO o 41,60V

{14) Bra +  2Fe* = 28r- ¢ 2Fe¥ B = 40,20 V

Frem these data Lt oan be eoncluded thatt
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Approximately 70% linked E® values to the rates of reaction by
golleatively cheosing optioneg (A+B4C+HE).

Conpegquently they deduce from this that a catalyst would affeet the
EY value gince a catalyst attects the xate of a reaction,

The pouwr suecess with this question suggests that muny studente are
unglear as to the meaning of EY. Ogudel? has found much evidence
for this amongst standard 10 and wniverslty students. Etudents
perceived that both an ammeter and a voltmeter gave tha pame
information. Thus a voltmeter reading was taken as giving

information about the rate at which a ruaction ceours.

Current and potehtial diffarence are undifferentioted by maay

students, Just as rate and equilibrium ox thermedynamleo are.
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II. Reaction 2 is exothermic.

I1I. Reactlen 1 iw slower than reaction 2

IV, Adding a catalyst can spesd up tha reaction and thus change the
EY value of the respective reactionna.

V. Hone of the above ﬁtatements i true,

Choort the correct ptatement(s)

T__m+—options. lstd..lo students i
i ! l %/option i
i - iNo response i 0,4 i
in.im | 6,0 |
im;.iI & XL i 29,8 i
ic.i‘a:v | 14,0 l
i#D.jV i 29,8 i
i E.jI i 20,0 i
Discusslon.

only 30% of the ghtudents shane vorrectly and rejected the idea that
gull emf les rolated to reactlon rate. & pimilar percentage choos
optlon (B}, Thesa students fell that a spontanesus reactlion is a
fast reaction and &lgo that a negative E° wvalue implirs that it de

ah exothermie veaotion.
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objective: How are standard eell potentiale interprated?

Prom the standard electrode potentlals a positive EY value
corresponds to a hegative /\GY value for the appropriate gell
reaction,

This approach can also be used to prediet the "spontaneous"
di.action of a reaction hased on & table of E® values.

A negative EP value is not indleative of an axothermie reoaction:

the latber is indlcated by a negative L\H® value. The E® valué may
alzo not necessarily tell one anything about the total heat evolved,
ag io indicated by the eguation -nFE? = /A\H? -1/\8°, The larger tho

thange in entropy the blgger the difference between =nFE® and J\HY.

A aatalynt may affoet the rate of a reaction, but it does
not affect the BEY value., E® wvalues tell us nothing about reaction

rates.

guestion 2
The standard cell potentiale for the following hypothetical

reactions are glven below:

'(11 B3 4 B waaamwws>» & + D BEU = 41,1V
(2) E# F meouvuewe > G+ H E® & 0.5 ¥

From these data the following can be coneluded

I. Reaction 1 i a spontanecus reastion and therefore a fanter

reagtion
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Where optiens in the previcus
resgarch were different, no

pervantages are given,
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thoose the correct statement{s)

i i options iszd.lo atudentsi
i ; !
i —i Ho responee i 0,4 i
i hi IIT i 12,3 i
j Bi I,1I, v i 34,9 i
i#Ci v i 22,5" i
l Di v i 22,8 i
j—;i I j 7.2 i
Diseuasion

Approximately 19% of the studens illuptrated by thelr response
{option 1B} that an exothermle reactlon ls always faster than an
endothermic reactlon. Approximatsly 23% of the students indicated
that an exothermie reactlon is spontanecus and an éndothermic
reaction is non spuntaneacus.

In a praevious survey by the avthorl® with a similar guestien, 37.5%
of the teaghers thought that exothermie reactlone are always faoter
then andothermle reactiens. 50% of the teachers chona the correct
option as compared to only 23% of the students. The teachers
axperience and further educatisn may have been reoponnible for lsas
guagsing, sinoes the nature of the distractors in the respective
questiennaires was elmdllar.

Thue teachers may be imparting faulty informatlon unwittlngly te the

atudenta.
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Question 2.
chjective: Are endothermis reactlions, conridered to be always

slower than exothermic reactlona?

Generally exothermle raastiens ara faster than endothermic
reactiong. Howavoy it cannot ha conclusively said that exothermic
reactions are faster than endotharmic resations. Thera are
endethermicd® reactions that are faster than exothermic reactiona.
For exampls, the endothermic reaction between hydrated harium
hydroxide and ammenium chlorided? ip relatively fast in contrast to
the excthermle reactlon batween hydirogen and oxygen. Thus by looking
at the /AH values it cannot be conaluded as te whish reactlon is

fast and which reaction ls slow.

Puestion 2
The chemical equations glven below represent two hypothatieal

raagtiona.
A ) B wwem—=> c + D AH = =2 kI (1)

b + - SO, ¥ + ¢ Iy H = 4y kT (2)

If the twe reactlions ocour at the same temperature which cone of tha

follewing ptatemento is corresct?

I. Reaoction ] ocours rapldly.

IXI. Reaction 2 eecwrs slowly,

III, Reactlion 1 in always Fanter than reaction 2.
IV. Reaction 2 may bha fapter than raaetion 1.

V. Reastion (1) is spontanesus and greastion (2) is non spontaneots.
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tha teachers thus appeared to share the same misconception as the
gtudents. student misconceptions could therefore have been due, in

part, to faulty teaching.

" + +
| | |
| options | Teachers/$ |
| A | 54,0 ]
| B | 42 |
| e I 4,2 |
| o I 8,2 |
| = | 20,4 |
| | I
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optlons Istd.lo students
I %/option
i -—i Yo response i - ;
I A.I the rate of the reaction i '
! would be doubled. i 35,7
I B.. the rate of the reaction i I
would be four times greater. % 15,3
' E.- the rate of the reaction i i
i would be halved. ] 9,8 i
‘ D.' there would be na effect en i i
o the rate of reaction. 14,5
‘#E.‘ the influence on the raie I
ecannot be predicted from the |
balanced chemical aguation
alone. I 24,7 {
- ! ;
Discuasicn.

Approximately 25% of the students responded correctly.
collactively about &0 % of the students vsed the ecafficlents to
predlet the outcome on the rate of the resction. Exactly the same
guestlon was glven to teachers in a survey by Bapoo, Bradley and
gerrans.10 f%he table that follows gives the percentages for each
option chosen hy the teachers, It wae disturbing to note that only
29.4% rosponded correctly by checsing option(®), whilst an overall
percentage of 62% was obtalned for optlonn (A+B+C) collectlvely by

the teachersa.
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2. Bxmnples of responses linking reactivitr series to rate.

Rt

Rt

Ra

Ri

Tha fagter s metal reacts, the higher up it will be in the
reactivity noriom tahble and the slower it reacts the lowey down
it le in tha reactivity serles table.

Reactivity Lls the ability an slement hag ta reast with

anuthey, It indlcates whether an element cab react fast or alow,
wWhen componnde and nubstaneap ars placed in a gerisn aceord .ng
te how they reset. The faster they react they are placed at the

top of a perles and the plower at the bettom of the serles.

A roactivity eerles is o serles in whioch olemento are placed
aceording te tholr rapldnesa in allewing a reactlon to ba
carried out. The raster reacting elemento are at the feop and the
a#lower ot the botitom.

The reagtivity coxies indicate the ralatlve speed of macals when
it yeaots with a subptancoe. The slement at the top i moot
reactive and it gradually decrsapns coming down,

This indicatoo to ue the increasing ability or powoy or
dearanoing abliity ov powar of alemonto te react, i.¢ it
indicatos to ue how Ffast it would toke apn olement o roact. e.y.
Potaspium ip more reastive than niwkel hoecause nickel oceura
lower down in the reactivity peries table than potasaium,
Thorefora if nilckel and potaapium Lo to resct with tho same
oubotange (neparately »f qouroc) the reastlon mixture conserning
the potassium would produce remultn Fagter than the reocticn

migture containing nickel,
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stndents responpes to Lthe conocept of reactivity serios.

l. Examples of responses giving elreular explanations

Rt

Rt

Ra

Rt

R

Rt

Re

R:

Rt

Rt

The reaztlvity seriep indicates whieh cubptances are highly
reactive and those which are not.

Indicates which substances are Mighly reactive and which are
not highly reactive,

This io wherae tho more rasetive nubptanse will be at the top and
whexe the loact reactive at tho bottom,

It ic tho ordering of elomento according to inereaclng ox
decsreaultg rosctivity.

The pottern that the substances are placed from the ones that
aro jest volatile te these that are the least veolatile.
Rooastlvity corles are edther metals or the nen matala{ halogenn)
that form o serieo accerding to thalr roactiwity ability.
Raagtlvity osrdon ic o norlas ef motalo aseording to how
"roactive” they oro.

It io how tho alementc is liot x4 in the pardedie table. From tep
to bottom and loft to right

It lo o neries , erdering olements asgcording to ineronning er
doornaning actiwity.

Thig 1o a opwelfle arrangoment wheroa oubatances are elacalfied
acgording to how thoy take place in roactiong. Tho porieo
shvicunly rangen from oubotancos of high reactivity to that of

low rooctivity,
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Rt

Rt
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The rate at which substances react with sach other, dagree of
gpentanelicy of reactions.

How fant a metal or chemleal will react with another gubstance,
The rate at whiuvh Lhe oubsteace will react or whether 4t lc a
gpontanecus reagtlon or not, Is a catalyst needed to begin a
ragotion? Ie there any forme of erergy given off o.g. heat,
Jight?

This means how guigkly or vigorsualy a metal would ranct with
ancther.

Hew Iagt or slow the reactants will react with each other and if
tha reaction will take place gpontansously or nen speutancously
with the oid of o catalyot.

Each substaace hng o coxtaln reactivity which means that come
substances react fapter ar more effective than others. Example
copper is more aastive than zine. A more reactiva subgrance ean

aacapt olectrons faster,

2. Examploo of responcen thot gave eireular explanatliono

Rt

Ri

Rt

chemieslo eentinususly react with one anothor, mome chemiwalo
Axo moro yrepetivo than othoers. Tho maetalo of greup I and IL arc
mant reastivo.

The term moonc hew reactive a oubstanec io. ALl aclemonts in a
poriedic table have difforent roaetivitiec.

How reactive o oubotance is inercapoo from left to right.
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3. Approximately 50t of the students indicated an implied
rolationohip betwean a reastlvity series and the elestrochemical
periec, Approwximately 4% of the 50% responsen in this eategery

are quoted belaw.

Some of the repponses from the ptudento partolning ts tha rategorieo

indicated above are given belwew.

gtudent reppensen bave been roflected uclng the letter "R". The
roopongon are reflectad ao thoy appear on the orlginal
wate and equilibiium guentionnajxo. Bilseussions of the reppennan

will follow laterx.

students rosponpen Lo the concept of reactivity

1, Examplos of respenoon linking reactivit, with rata of roastien.

Ri Whon two or more tubgtancen cembine, thoy form a mixturs or a
compound bosause oloetrens have boon trannferred from ohe
pubotaneo to anethoyr l.o. a reaaction hnp oecurred. Roaactlvity o
probably o mosouke of the rate at whiah renvtions eceour.

Rt fThe rate at which metalo ronct. How fagt or how nlow thoy ferm
or disintegrato.

Rt feactivity is o moaouro of how readily a osubstonco gombine with
ancther i o how fagt & oubektonea xeacts.

R: Tho rate at which a ecmpound or an clomont would reast. How faat
or how plow this would bo denc, A catalyst weuld ineroace the
reaativity.

R1 It prokably roforp teo tho obility of chomieals e roant guiekly

ar slowly, opontanosuoly er non opontancoucly.
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the repponsen for tha open anded quantions dan be reapectively

sopigned to three diastinet categories.

Theses cntagories ase gliven bolow. Tho raooponcen of 235 atandard 10

studants to both thena gquestiono waxe anolyoced.

Reactivity

1. About 50% of the otudents linked thoir deseriptions of roactivity

3.4

to rate. Approximately 11% of the 50% reopenses in thig

category aro guoted below,

Intalligikle but “olreclar” explanatlons of the concopt of

reoctivity wore glven by approyximataely 10% of the studenta,
indlooting o lack of axplonatery powar,

Approximotely 12% of the 10% reaponaso in thilo catogory are

guoted balow.

Approximatoly 40% of tho recponuoc wore unintelligible. Thooo

have not boon gueted.

Reaetivity Serieg

1.

2.

Approximatoly 10% of the ptudents gave o cirsular esplanatlon
of tho concopt of o reastivity cerdes. Tho torm woootivity wap
unod to oxplain the concept rosstivity cerien. Approximatoly 40%

of the 10% responcen In thio vategory arn guotod bolow.

Approximately 40% of tho otudentn holleved that a roostivity
serioo wan casontiolly o roto perxies. Approximately 7% of tho

of tho 40% ronponnes Iln thioc eatagery aro guotod bolow.
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aquilibrium pystem. Teachers did only slightly better with 37,5%

chooslng thia option.

Once agaln there lp evidense that teachexp are responsible for

tranomlitting errcneous knowledge.

| ! |
| options | Teacher/% |
| & | o [
| B | 50 !
| #a | 31,5 |
| o !
| =B | 12,5 |
| | t
* " ey

Alpo, onoe agoln, there peems to be a tandenoy for teachers cholces
to be lesp seattered. Phis may be a sigh that further education has
resulted in lese gueseing perhaps but no graat improvement in

underctanding. However thio statement may be invalid as tho number

of teachers iz omall,

Open ended questlon en tho following sonceptn
Stoandaxd 10 studeonts were tepted onh their undeyotanding of tho termo
reaetivity and reactivity serien by weano of the followlng

spen=tndod questions.

8. Explain in about five lines what you underctand by the fullowing
tﬂm(ﬂ) »
8.1 Reactivity

8.2 Reagtivity oerles.
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ilnereasing the temperature of the system:

I . optiona . gtd. 10 students+

% /optien !

i - i No repponaea i - j

| A.. Inoreases the rate of the forward ' |
raaction only. 17,9

R, Inareases the rate of the reverge

I reactlion only. 30,2 !

I#c.. Iﬁcreasas the rate of both the !

Lol forwerd and reverse reactiong. 33,8

I D.' Deereases the rate of the reveraa I i
reagtion asince the reverpe reaction

bl ie endothermlo. ] 11,5 i

. E.. Hag no effect on the rates of . i
alther the forward or the reverow

i reaction. 6,8 i

Disanaoion

About 30% of the students chose aption (B), probably because if the
tamperature of an exothermiec reastlon lm increaped the reverse
endothermie progase is favoursd,

Approdimoately 50% of the teachers chose the same option{d®) for
axactly the same questlon in the previcus reses. “h conducted ky the
suthorld,

Approximatoly 34% of the students chose the correct optlon,

dpdiont “ng that they do not huve o compartmental view . or

e e mprr—r— e s
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Quention 7
Objestive:; Are students aware that lnoreasing the temperature of a
reactlon at equilibrium, increases the rate of hoth the

endothermic and exeathermlic proosasass?

Inercasing the temperature of a reactlon aystem always increases the
rata of the reastlon, lrreppective of whether the reactien is
exothermic or endothermic. Increasing the temperature will
inorease the rate of both the forward and reverse reactionsy 1t doma

not selely lneresse, elther the forward or reverce rates.

The reverse reaction in €his question will be more sensitive Lo
temperature changen than the forward reaction. Becavse the Zexward
reagtion is exothermic, the activation enetgy of the reverse
reaction will be greater than that of the forword reaction., Hence
the rate constant for the forward reactlon will not be affected to
tha came extent as the reverse reactlon. Condeguently Koq which ic
related to the rate constants ap given belew, will be deereased ac
tamparature ls inereased.
Roq = kelky

ky = rote conptant for the reverse roagtion.

ug A yate constant for the forward reactleon,

Kequ sguilibtivm conatant.
Hence the proportion of reagtants at equilibeium will be insrsoaned

by temperature lhorease.

Question 7
In the eguilibrium reaction represented by the follewing eguatien

M, + Ny Sewy  2NH, L\ R & =92k
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1 D.?Fluorina ascepts sleotroha faster than iadineT i
[ Ean ip indicated by fluorine having a } %
E ilarger B¢ value. i 28,9 i
j#E.anne of the above otatements ism correct. i 18,3 i

Diacusslon.

Approximately 25% of the students indieated that the larger the E°
of the half cell reaction the faster the reactant would accept
electrons. Thlis was chown by cheosing optioen (D). Ancther 12% chome
option (B) whioh aleo rels:es reactlon rates to BE¥ values.
colleatively 41% chose eptien (D+B) thus linking rate to E®,

Bbout 27% of the ptudentn chope option (A} and thus deolded that
fluskine is the strongest reducing agent. These students may have
applied the slgn conventlon incorrveetly, or been confused between

oxidation and redustion and the direction of slectron trensfer,



o8

Question 6

objective: How ars etandard reducticr potentiale interpreted?

The EY values of the respective couples can be used to predict the
ppontansous direction of the reactiona.

Standard reduction potentials indicate In relative terms the
favourable direction of the half sell reaction, and they give no
information as to the rate of the half reaction.

By zonvention the grester the gtandard redustion potentlal, =he

ptronger the reastant is as an oxidislng agent.

Queation 6
Tthe . *andard reduction potentiales for the following half reactions

are given balow.

Falg) +  fe~ mmwm=-e> 2F-(aq} E° = +2.87 V
Clp(g) + 28" wma—ee->  201%(ag) B9 = 41,36 V
Bra{l} + 2@ wemowwe> 2BrU(ag) E9 = +1.068 Vv
Iafa) % 27 ccannwn > 217{ag) E® = +0.54 ¥

The following informatlion can be inferred from the data givan.

i i Cptlena istd. 10 atudantag
j i l % Joption l
i - iub repponge j 1,7 |
i a.iFluorine is the stroungest reducing agent. j 26,4 T
i B.iFluuxine will react faster than icdine i —T
j lwhan reacting with sedium, i 11,9 I
i c.irad;;e iv the otrongest oxidizing agent. i 12,8 -I

et et L mamem el =
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Discuseion.

About 27% of the students indicasted that ammetar A, would have a
graater reading than ammeter A; since the standard cell potential
for (1) is greater than that of (2). This is possibly because
students were applying ohm's law to this situatlon. AL *his stage
the gtudents weuld havé already been introduced to the appllication
el Ohm’s law te DC electrie eircuits.

optlons A, B and D all imply a link between reaction rate and gell
emf. The 73% who ochose thase opticene probably include the sane .

individuala ap those 68% {Qd) and 70% (Q3) found previously.
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The rempective standard cell potentials are given balow.

Jroererirmmppr—

salt bridge

oy i | —— -—im-nn - - e v | o —

cu %n ¢a Pb
lcuz*{aql zn2*{aq) | out*(agy| I| Bb2*(ag) )
(1) (2}
(1) out{ag) + Znle) —w-——w> Enft{ag) + Ou(g) E° = 1.1 ¥
{2) tu?*(ag) + Ph{p) ~~———- -> Pb2(ag) + cu{a} E® = 0.47 V

From theso data it can be cohneluded that:

} | | std, 10 students |
I I I
| 1 optlons | #/options |
1 | [
W * *
| =] No response ] - i
" . - +
| &} 2n will ge Ffaster into molution thaa Pb, | 35,3 i
| B] Bl will go fagter inte selution than Zn. { 1,6 {
#2| The ammeter indisating the larger durrent
cannck be predioted. 5.5
w e h
| Greater esll voltage lmplies greaten
cell current, 27,2
o sk, ok,
E] Nona of the abave statements is correct. 21,3
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reactlon and & reaction coordinate diagram are presented in the
ptandapd 10 syllabus, both of these are implicitly linked te a
ona-ptep mechanism. This sort of mechan.om is logically sonnestad

to the balanced gtochiomstric equation for the xeaction. Henca,

the misaeonception that the rate law ig predictable frem the

balanced chemical equation, ls fosterad by the kind of microscaople -

lavel axplanatlions that ars offeread by student textbodka,

{AH of reaction valuegs ware alao ilnvestad with kinetie significanee
by both the teachers and the standard 10 etudents (Bapoo et al)ll,
Thig is also not unreascnable altheugh incorrect, The use of
roaotion eocrdinate diagrams chowlng activation energy and [AH,
eould have helpad ameliorate this misconeeption. This is done in

geme studant tarthooks.

Spontaneous reaction
From the three components of the lnvestigation, the following

migeonsaptiona were found to be prevalent amengst the studento.

1. Interviews of standard & students.
a} A spontancous reactlon is a reactien that takee place without
any delay.
B} A spontanecus reactlon io & reactlon that takes plave

without heating.

2. Responges to the reactivity guestionnalre by standard 8 & lu
rtudents,
&) A opontoneoun reaction is a reastion that takes place

withouk any daelay. (B)58%, (10)54%
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3 Regpopges to the rate and eguilibrium guegtionnaire by standard

10 gtudenta and teachers.

a) 'The effectn of chango uf ronctant eotocontration on the rate
of the reaction ave inferved frem a balanced shemleal
equation, (10160%, (T)62%

b) A popoitive L\H of reactlon impliesc o pleower reactien than

ohe with a negative AM\E,{10}23%, (T)137/,5%

The gtandard 8 otudeonts that were interviowed indicated that
insreasing the amountn &f the recastanto would degroace the rate
of the reaction Besaune a lengor tims would bhe noodod fer the
reaction to reash sompletien.

The experiments on reactione of metals in oXygqen could perhaps be
talkeh as evidence for swoh an errensous viow. B lavgor plogo of
motal iy oxygen would take a longor time for sompletion of the
raaotien.

By the time the ptandard 8 otudeontn are taught tho seotlon ob
"semactionn of metalo® they have already sompleted the poestion en

gpoed in physieo. In thio eontext alse the cboexvatlen that the

graater the dictance the greater tho time can lead studento to lnfor

erronesunly that tho opeed lo lepa.

About 60% of tho otondard 10 otudento and 62% of the toasherc
predicted some sort of a rato law from the balanced eguatien. The
implication io thoat nolther the atandard 1¢ studonto, ner thelr
teschers have gqrasped the bools mleroocople-level congopt of

reactlon machanism, Although o mievepsople eollinlaon model of
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rerhapn the above guote is but one of the posclble sources of the
above misconception,

The process of heating was aleo thought to bhe okin to catalyoing
probably becaune hoth heating and coatalysing inerense the rate of a
reaction.

The atandard B studants miounderstanding of the functioning of o
datalyoct may be underntandable since it receives little attention at
that level. However the ptandapd 10 gtudents should have had a
bettor understanding sinece they are formally taugut about catalysis
with activation energy dlagrams ot thip level. In fact thia wan not
ovident. Thio exemplifiec porhaps the persiotente of misconceptiono

establiched proviousaly.

Rate of reaction
Prom the threa componenty of the investigation, the following

nipcoanceptions were found to be provalent to varying dogreea. '

1. Interviows of gtandard 8 studonta.
4) Incroaning the ameunt of the reactants would decreape the
rate of the raaction bogawas a longer time would he nocded
for the reaction ta reach completion.

b) Wo reference mada to time.

4. Reagponses to the reactivity questiopnalre by standard & & 19
students.

Ne dirocet guoestion was apked.{peu reactivity perlec}.
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1. Interviaws of gtandard 8 atudents.
a} A catalyst ipersapes the rate of the reaction without taking
part in the reactlen.

b} T"Heating * is regardad ap & eatalytic procens.

2. Responsus to the rearntivity guestionnaire by standard 8 & 10
studenta,
a) A catalyst ingrangesc the rate of the reantion without taking
part in the reaction. (6)79%, (Ll0)76%,
b} "Hoating " iv regarded ap a catalytic progeno.{8}14%, (10)13%
¢} A eatalyst fnitfates {itolioo in questicnnaire) a reaction.

(8)12%, (l0}114%

J. Responses to the rate and eguilibrium guestiennaire by standard
10 studgnts,
No guagtion directly related to this concept,
A lek¥ge persentage of otandard 8 students bellieved that a catalyst
inerdanes the rate of o reastion without taking part in the
reaction. Thin mlsconception wag still sequally prevalent amengst the
ptandaxd 10 aﬁudenta.
The followiny quete pertaining te the concept of a eatalynt
appearad in (35(a)), a standard U textbook that hap bean extenclvely
used in mopt achosls. The textbook indicates that "Dxygen can be
prepared on a large acale in the labopatory by making uvee of the
appacatug ohown in figure 9.1,.....The small amount of manganese
dloxlde added te the potapsium chlorate, only spoeeda up the resctlen
{(wa eall 1t = catalyst), but dees net partieipate Ip the
reaction” (my italics). A similaxr view io expressed lh (35¢(8)] a

standaxd 10 texthoolk that was used axtensively hy the otudents.
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tabla gontinued.

|t | - I - | oz 86) |
| ! ! | Q3 (p 89) i
! ! i J Qd(p 92) i
| I I I @5(p 95) |
| I I | @&{p 98) l
|28 | - I - | a4lp 92) !
+ + + - 4 *
| 2b |XI(p32 line % up)| - f QE(p 98) {
| 2¢ | - | - { Q5(p 9%) i
| 3a | - ( RL(p &2) } - I
{an | - { Ql(p 62) | - |
[ 3¢ | - [ Ql{p 62} { - }
; 3d I:cp4z line 15} i - ; - i
I

i I(p45 line 3} | ] |
i o II(pds line 3) i Ql{p 82) ] - |
! 42 I(pp 26-41) | Q2(p 65) i orQ(p 102) |
@5(p 72) I |

R6(p 75) i |

! Q7(p 77} | i
i |I(pp 41-43) Q3({p 67) | Q2(p BE) f
4(p 69) | Q3(p B9} {

Q7(p 77} | {

{ de | - ! - [ QEQ(p 102) !
+ 4 e n b *
[ 4a | - f Q8(80} I - I
+ 4 - + -+ +
E ta  (X(pp 26-41) E - I OEG(p 102} I

|
+ ) + + o %

QEQ denctea open anded question.

catalysin

From the three compenentc of the lnveptigation the followlng
minconceptions were found to be prevalent amonget the students

invalved.
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CHAPTER 6: SUMMARY OF CONCEPTUAYL DIFFICULIIES AND DISCUSSION OF
THEIR ORIGIN

This chapter links the original specifin reseaxch questlons (Ras, Q)

on pagaes 2¢ to 22, to the outcomes from the interviews and

guastionnaires. The table below aims to facilitate the linkage.

This chapter alse lists miscongeptloens, ldentified in relation to

catalysils, rate of reaction, spontaneous reaction, endothermlc and

exctharmio reactions and activatilon energy, electrochemioal cells,

roactivity and reactivity series. This is followed by a discussion

of the possibla origin of the misconceptlons.

Bvidence 1s presented £rom the £ollowing three components of this

phage of the resedrch:

1, interviews of standard £ students;

2, responses to reaatlvity questionnaire by standard 8 & 10
studants}

3. responsaes to rate and equilibxivm questionnaire by standard 10
students,

Foxr (3) the prevalencoe of misconceptiens found amongat teachers in

the eaxlier study8 is also described.

Table
Res.Q| Interview std.8 Quast. 5td.10 Quest.
la - ~ Q2(p 86)

1b - ~ Q7{p 100)

s At tmem G TS . C



Table 3 {continued)
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o
¥

+ —

-+ -—

system at equillbrium
affecka the rate of either
the forwavd or raversa

reactlon only.

&D 29% - Greater standard reduction
potential of half ocsll
implles sxidant accepta

H elovtrens faster. i
¢ 4 ¥ i +
7 {A+P4D} 60% 50% A temperature increace on a

-+ —

ovarall, despite the additienal learuing cpportunities and their

greater maturxity, tho otandard 10 students anawersd very similarly

to standard B8 studente. Alse there are several points of similarity

in the misoenceptions of standard 10 students and the teachers.



112

Table 3
iQuestian i gtd. 1oi Teacheri Misconceptlons i
L{A+BC) 60% 62% ¢onpentration effect on
rate of reaution inferred
from balanced chemical
egquation.
2{AHE} 19,5% a7,5% Erothermic reactions are
alwayn faster than
endothermie raactions.
| 2B | 353 I 37,58 | A spontaneous reastion I
cannet ba a slow reaction.
+ + + + ——— o+
| 20 | 23% | 37,58 |  </\H implles reaction |
spaontanacus; JAH implies
| i i reaction non spontaneocus.
3 (A+BHCHE) 704 - Linked E? valusn to ratre. #
+ b b * e
4 (AABHCHD) 68% 50% Linked E® values te rate,
| 43 . | 28% I .25% Greater Bﬁ value Implien |
greater rate of
1 . reagtion.
' 4¢ ' 20% ' =1 ) ! The stronger the oxldant '
ih a reaction the faster
. i the reactiocn,
5 ( ABHD+H) I 73% . i L;nk E? valuen to rate ‘
i i of reaction.

+
+
I—

-

|
|
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who chose responges invoking a comnection of reactivity with

ralative rates of reaction.

Table 2

T Question T std. 8 i std. 10 i
i 2£A+D} i 23% i 24% i
i S (A+BHCHD) j 803 i 87% i
i §(ABICIE) | 74% l 82% |
? 7{a+8) l 59% i 56% j
|' B{B+C) I 284 I 4% i

This suggests that

a8 much a2 90% may
believa in this link.
Where other options
are particularly
attractive, the %
students choosing

this link le reduced.

A+ Compariseon of Stepndard 10 studsnts with teachers

Table 3 shows the comparlison in respect of the convepts, rate of

resction, excthermic/endothermic reaction, electrochemlcal, cell

and enthalpy. Misconesptions of standard 10 students suggested by

respunses to the rate and egqullibrium gquestionnaire alongeide

thoae of teagher mlsconceptions deduged from responsee to

identioal or similar questions in an earlier etudy are given.

Bome of the concepts in the rate and equilibrium guestionnalre were

not tested amonget the teachers and therefore no percentages have

been glven in the relevant column. Howaver wherever questlons were

aimilar, or tha same, a ocomparison has bsen made.

L b 4
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Comparigon of standard & with standard 10 gtudents for Lhe

reactivity guastionnaire.

Tables 1 shows this comparison in réspect of the concepts, catalyst,
spuntanecus reaction and activation energy. Recponsee are drawn from

questlions 1,3,4 and 8.

Table L
lquestinn ..std. 8 i 5td.10 . Tmplied misconception I
ocption i |
1A T9% T76% A ocatalyst spesde up a reaction,
without participating in the
! raaation.
I ac . 58% ' 54% | A spontaneous reaction takes placa.
without delsy.
. 3D I 20% I 3% I A spontaneocus reaction oocurs |
! L ) without heating.
I 4 (B+D+E) I 48% ' 48% I Aativation enaréy confused with '
i endothermicity.
i 4E i 14% i 13% i.Heéting is catalysing. T
i 4¢ i 13% i 12% i A gpontanecus reactlon is rapid. i
i BD i 44% i 38% i order of elemente in the i
i i I % reagtivity emexies is invariant. =

Table 2 shows vesponses for questions 2,5,6,7 and &, Thase guestions
were hased on the reactivity series and each had more than one

distragtor related to rate, The percentages indicate those studenta
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2, Studente showed poor understanding of the concept of reactiviiy
and reactlivity serles. circular explanations were given i.e the

word reactive was used to explain the term reactivity.

3. students took the reastlivity series and the electrochemical
serles as being synonymous. This became evident when terms like
oxidiezing agent and electrode potentials were used to esplain the

concept of a reactivity seriles.

Summary of misconceptione

Ta summariss the analysls the following tabkles provida:

1, Comparisen of pomaible misconceptions of standard & students with
gstandard 10 students as suggested by responses to the standard 8
reactivity guestionnailre. (Tables 1 and 2)

2, Comparison of possible misconceptions of etandard 10 students
with teachers as suggested by respenses te the gume
multple«cholece questions in the rate and eguilibrium
gqueationnalre and in an aarlier scudy, (Table %)

- In studying the comparisons the following should ba borne in mind.

All guestions in the reactivity questionneire were snewerable by

standard 8 students in terms of the standard 8 eyllabus. The concapt

of a cetalyst ie not in the atandard 8 syllabus; howaver some ailmple
teaching of this phenomencon is a common practize, ur-n dealing with
tha preparaticon of oxygen from potasaium chlorate (using manganese
dioxlde as a catalyst).

gtandard 10 students could ahawer these standard B guestions in

terme of their memory of standard & work supplemented, of sourse, by

thelr learning about aspecta of rate of reaction, cheamleal

equilibrium and elactrochemical cells in standard 10,

B
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5. Examples of responses linking reactivity series to

electrochemical saries.

R: ‘the standard electrode potentilal of an electrode as reductant
and oxidant in a apeclfic series.

R: The series lndicates the magnitude of how reactive a substance.
The elements are arrangsd from negatdve £° valuss to value of
EP(positive}. Reactivity can also be determined from the
periodic table-increasas down a group and decreases from left to
right in a peried.

R: Refers to standard electrode potentials decreasing from highast
reducing agents to lowest reducing agents.

R: It basically distinguishes chemlcals from each other according
to ite potential.

R: From the reactivity eerles cohe can conelide which reactlon would
be spontansous and which reaction would be non spontaneocus. One
can alse conclude which one of the chamigale would be the
stronger oxidising agent and which one is the gtronger reducing

agent.

In view of these responses to the open-ended guestlons the following

general observations can be made.

1. Thermedynamic or equilibrium consideraticns were oiearly lacking
in their explanations of the term reactivity. Words like rate,
aspeed, fast, alow, guickly and readily were extensively used in
the students explanatic .z of the concept of reactivity. The
majority ceemed to be looking at the term only from a kinetic

viewpoint.
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may unwittingly be teaching that the electrochemical series gives
kinetic information. Peachera amnd studente are largely textbaok
oriented and the amblguities of the standard 8 textbooks de nothing

to counter this erronecus concept.

The following analogy appears in the standard 8 student textbook
[38(g)) "In your class there ls a pretty girl called Karen, whe is
going steady with John. The other boys are very jealovs., Ra Thomas
can no longer hide his affection an open confrontation oceurs.
Thomas ls much stronger than John and by the following day averybhody
hnows that Xaren belongs to Thomas, The weaker opne has been
digplaced by the stronger.”

Thic typr «f anthropomorphle thinking distracts the attentlon Lrom
the taak ¢l diboovering a scientifiie explanation, by substituting an
apparent but paeudo-~explanation. Furthermore, like most analegles,
the above example ls liahle to misinterpretation. Johnstone?
indiscatas that somatimes analogies create more problems than they
polva, #imilarly Doit3® and Dupin®® stated that analogy may glve
birth to as many moneters as healthy bables. Learhing fundamentally
has to do with constructing similarities hetween the new and the
alreudy knewn. It ls precleely this aspect that emphasizes the

pignificance of analogies in a construetlvist learning approach,
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axides and the reactivity of metals [35(d))., This link is but one
example of the very many that are lmplied throughout tha two texts.
Studente sould therefore be ascuming that the positions of the
alements in a reactivity series are lnvardant, irveapoctive of the

nature of the raactanta.

In [36(£)] it ls stated that * ..,. we can arrange the metals in
saguence from the most reactive {potassium) to the leaat readtive
{mexroury). Buch a peries le known ar an activity seriea” (emboldennsd
in text). Whether the termu activity and reactivity ahould be taken
to meah one and the same thing is unelear.

Standard 8 students during Interviews implied there ig a
relationship betwsen & reastivity serdies and an electrochemical
gexies, even though the elegtrochemical series ls not in the

phandard & ayllabus.

The standard 10 students had bean taught shout the eleagtroshemlcal
parles in tho oontext of the tople elestrochemical eells. It ios
therefore legs surprising that they should mistakenly link this
seried with the reastivity serles already~established iln ptandard B.
Attentien is drawn to this taclt linkage to emphasize that the
kinetic interpretation of the reactivity sexrles by the standard B
and 10 students, could lead to the kinetic interpratatien of the

alactrochemical peries.

Perhaps one source of the above link is teachura. Many standard 8
teachers were or had been teaghing standord 10 studento at soma

stage. They a¥e thus familiar with the electrochemical oories and
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ig stlll no indication of whether the ppeed or ensrgetics is under
songideration. What Factors should ke kept ccpotant if the
reactlvity of the netals ils considered, either in tetms of the

gpead or the cverall energetics of the reaction?

In [36(d)] Lt is queted that ".f we agsume that the metal which
resots with oxygen holds onto oXygen strongly and one which is less
vigorous glves off oxygen more easlly our pattern appears ac

follows." goditm is glven above magneaium witheut any explanation.

In [34(e,N}} it lp indlcated that it must be remembered that other
factors are not mentloned, ond the chance to discloce some of the

ascumptions behind the interpretatlionn of skhaoervatlons is leot.

Unjuatified asoumptions can tacitly lead to mleconceptlons. Whexe

aspumptlons are moda this should ba olearly ilndicated.

Two currently available sohuol texto were esaminad for tha way in
whieh they tyeat the conzeptual anpects of reactivity and
reactivity seried.

In 35(b),35{e)] stutantn are askad to woxk sut an order of
regotivity for the renctiun of metala with:

{1) oxygen;

(il) watex.

Hewavar nho aloay sylterla are gilven for arranglng the metala Il a

rasnatlvity series.

Thorxe lo alooe an impliod link botween the dosompooltlion of tho metal
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by An implled relationehip between a reactivity serles and an
alectrachemical perles (glving arbitrary values te the
elemants in a reactlvity series)., {10)50%

o) 'The elements in a reactivity series are arranged so that the
alement at the top will react faster with redctants than an

elemant lower down.{10)40%

According to their responses on the reactivity guestlannaire,
gtandard B students usually regarded a reactivity serles as a
regation rate series., EBtandard 10 students held the same view. As
noted bhefore, reactivity saries are not reconsldered in standard
16, #tandard 10 students thus retain thelr erronecusly limited ldeas
from standard 8.

This Ls the ocutcome to be expected from the amblguous way in which
this concept le treoaked at a ptandard 8 level. Wo distinction Ie
mada in student texthooks betwean varleua approaches that could be
used whan ceornaring the reactivity of metals {ses Meek®! and
Jenking26),

In mont texthooke there io aloo no mantion of the very many
asgumptions made when ‘nterpreting the relevant expeximents, Fox
etampla, in roferencs to the displatement of one metal by another in
solution, in [35(£)):

*In 8ll ocuch dioplacement studies the assumptlon io that the metal
higher in the reactivity seriesc wlll in faot cdioplace one lower in
the series from one of it!'s salts in agueous solutione and that by
such dipplasement the discplacing metal is to be regarded as more

reaetive®. Although this statement 1o clear as £ar as it goes, there
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and the solubdility and alkalinity of the products fermed., 'There is

also an implied link between the decomposition of matal oxides and

the reactlvity of the metals [36{c}]. What the term vigour mesans,

and what factorp affect the vigour, is not indicated.

Reactivity Series

From the three components of the inveotigation, the following

misunderstandings were found to be prevalent.

1. Interviows of standard & studantsg,

2+

a)

b}

@)

Tha elemente in & raactivity serles are arranged gso that the
elemont at the top will react faatey with reaotanto than an
elemant lowor down.

A preastlvity series tells us how vepetive a substanee is.

An implled relationahlp betwaen a reactivity series and an

elogtrochemical serias,

Responsens to the reactivity guestiennaire by gtandard 8 & 10

studants.,

a)

b)

Reagtlvity meries 1lp esoentially a “rate sorles". It io a
saries that givaes the ralative rate of reaction of clomento
with the same reactant. (8)90%, {10)87%

The poaitions of the elements in a reactivity sarles are
invardant, lrrespective of the nature of the reastants,

{8)44%, (10)40%

Responsegs to the rete and eguilibrium guestionnaire by standard

10 students,

{Opett anded repponses)

a)

A Yolreular explanation" was given. (10) 10%
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(i) the excthermicity of the combustion ln oxygen,

{iL} the relativa retes of oxldation, or

{ii1) some roughly qualitative judgement that, for example the
ppactacular combustion of megnesium indicates the metal is
mere reactive, l.e. higher in a reactivity serles, than
copper,

It has been mentioned that the descriptions of the concapt

reactivity by standard 8 students were largely anthropumorphic.

Torms such aa vigour, violcnoe, readinace, full of ze. and

brightnessg of flame wers used to oxplaln the coneept of resctivity,

wlithout defining what thesa terms mean. The fellowing quetations

from the resfpective texthooks illustrate that this judgement alse

applies te them. Eslected terms of deseriptien have been underlined.

"From the sxperimento in thie shapter, you willl sae that elemanto
whioh upderge aimilar resctions are placed underncath eash eathar in
the table in the same group.........combustlbility ,i.e, the
readinesyg with which elemente combine with exygen will form tho
baple of youxr filraet series of investigations" {35(h)]. "Try to judge
the_wiolenge of the reactlon from the hrishipess of rhe flame (1

they burn)" [35(a}].

mhe rate at which hydregen lg generated indiecatec the degree of
Plolenea of the reactien, This suggoots another method of comparing

reactivitiag®, (36(e) ).

In the other texthook [36(a)) astudents are asked to arrange the

metals in actordance with the yigpur of the reaction with oxygen,
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b) Torms used to explain the consept of resctlvity were used in
ah anthropomorphie manner.

e} HReastilon of metals with oxygen, water and metal salts wers
essentially Yudged vipually from a kinetic viewpeint. Bardly
any reference was made to ovarall energetics of the

raactions.

2, Responses to¢ bhe reactivity questionnalre by standard & & 1¢
astudents.
{8ea reactlvity serisa)

3. Reaponses to the rate ahd equilibrium gquestionnaire by standard
10 studentsa,

{open ended guegtions)

a} Bxplonations of the term reactivity were "clroular" (10)10%
b} tThe term reactivity wan sdsentially linked to rate. Ne
conolderation was glven to the overall enorgetlica, (10)40%

Btabdard 8 studento seamad to deseribe reastivity elther in terme of
gpoed of reastion or in B non-gcientifie [or even anthropomorphie)
manner. Standayxd 10 students could de ne better, pospibly beeauwse
thera Is no further treatment of the raeacstivity concept after
astandaxd 8. Ih other worda, the syllabuys does net provide for the
formal reconsideration of the conwopt in terms of rate, eguilibrlum
anu reactlien enthalpy.
Two ptudent texthooko were sorutinised to determine how the
soncept of reactivity ls introduced in atandarﬁ 8. It i not clear
in thase texthbooks (when daaling with weactiens of metals with

oxygen) whether reactivity [ 35(b), 25(c)) and (36(k)] Lo Jjudged hy:
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wera used when answering this gueation. The estudents implicitly
apeumed that the reactivity serles they lsarnt ahout in standaxd &
and the electrochemical serlez they learnt about in standard 10,
give the game informatlon.

Since many students regarded the reactivity series an being bazed
on reactlion rates, it ls not surprising that electrochemleoal
guantitles like E® were linked to reaction rates{ses sarlier Ogude
et alldy,

Attention has been drawn later, te this taoit linkage, when daaling
with the ecencept of reactivity serles. Many terme, properly uased in
relatien %o the thermodynamio aspecte of reaction, llke J\H, BP, and
spotitaneous resctlon, were interpreted in a kinetic sense by the

standard 10 studants.

There le a lack of emphasis during instruction on the distinctien

betwean thertiodynamice and kinaetle coneglderations when dealing with
the topie reactivity. This seems likely to be instrumental in
studente peraletently belng unable to diestinguish hetween the

kinetle and thermodynamie ngpects of reactions,

Reactivity
FProm the three componants of the invastigation, the followlng

misunderptandinga ware found to be brevalent to varying degreea.

1, Interviews of standard & studenta,
a) All of the reactlons were judged enly accoxding to

spaad (kineties).
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Electrochemical Series
From the 1hree conmponents of tha investigation, the following

misconceptions wera found ko be prevalent.

l. Interviews of gstandard 8 students.
students referred to the electrochemical series during the

interviews about resctivity and reactivity serles.

2., Rasponses to the reactivity guestlonnalire by standard 8 & 10
studants.

Ne guestions on this voncept in the standard B queationnailre.

3. Responses to the rate and egquilibrium guegtlonnalre iv standard

10 students snd teachers,

a) More posltive EP? values for the cell reaction are indicative
of a faster reaction.(10)28%, (T)25%

b) 'The stronger the oxidizlng agent (ap judged by E° for ths
half reaction} the greater the rate of the reaction.
{L0)20%, {T)9%

¢) A groater ceil voltage implies a greater cell current,(10)20%

d} fThera is an ilmplied link betwsen an electroschumical serles
and a reactilvity series (il.e they are synenymoun with raspect

to the information they give,) [10)50% - open ended guestion.

Tt was evident that it ia unclear as te what type of information can
be extracted from the electrochemical saris.n,

About 50% of the standard 10 atudente referrad to the
elactroshemical sories when responding to the open ended guantion on

reactivity series. Terms like oxidising agent and gell petentlials
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b) Increasing tha temperature of a reactlon system increases
elther the rate of the forward or reverse reaction but does
not affect the rate of both iie endothermie and the

axothermic process. ({10)80%, (T)50%

In the guestion that focussed on the pre-heating of sodium, before
it reacted with oxygen, approximately 48% of the students
mlieunderstood the purpose of pre-heating. It iz understandable if
standard 8 students could not distinguish between activation energy
and the gndotharmic nature of a reagtion pince thege concepta are
not formally taught at thle level, 'the standard 10 students,
however, had already dealt with activatlon energy, potential enargy
diagrams, exothermicity and endothermicity. Thair understanding of
this experiment nevertheless had not improved at all.

8tanhdard 10 students exhiblted related misconceptions about the
connection hetween reaction rates and overall energy change (Z\H),
Thies may partly derive from the amblguities of reactivity
comparisons done in standard 8, If se, it would probably be
reinforced by their teachers, since teachers exhibited a mimilar
pravalenaa of misconceptions as ilndicated by Bapoo et all?, The
standard 10 syllabus appesrs actually to invite the persistence of
such misconceptions, because the (AH concept ls actually insluded as
a sub-pectlon of rates of reaction.

Temperatura effectas on a reaction system at eguilibrium were aleo

not. clearly understood as was indicated earlier by Bradley et alb.7,
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Tha ptandard 10 etudents ladicated that an endethermic reaction is
non mpontanesus, Thls might be a different manifestation logically
derived from the errsnecus concept gquoted ahova. A significant
percentage of teachers alse Indicated In an earlier study that an
endotharmic reaction is non spontanecus, Alze a slaw reaction wae
regarded ae non-spontanecus because it was not considered ensrgetic.
Teachers seem therefore also to be a scurce of student
misconceptions mbout spontaneity, as indicated by Bapoo et all? and
Ogude et allt,

It is evident from the above dlscuassion that the term spontansous
was oftan lnterpreted in a kinetic s=nee rather than in a

thermodynaniec sense.

Endothermic and exothermic reactions and activation energy.
Prom the three components of the investigation, the following

mipconeeptiona were found to he prevalent.

1, Interviews of standard & gtudents.
a) Could not distingulsh between activation energy and

aendothermicity.

<. Regspongey to the reactivity guestioapalre by standard 8 & 10
students,
a) Could not distinguish between pre-heating for activatien

enerqy and endothermiclty. {8)48%, {10)48%

J. Respopges to the rate and eguilibrium questiopnairé by standsrd

10 ztudents and teachors.

a} Bndothermic reactions cannot be fagster than exethermis

reactions. (10)19,5%, (T}37,5%
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b} A spontanecus reactlon i a reaction that takes plac«

without heating. (8)20%, (10)37%

3. Responsac to the rate and equilibrium questionnalre by standard
10 studerts and teachers.
a) Endotharmic reactions are non spontauneous reactions.{10)23%,
(T)37,5%
b} Spontanecus reactions are fast reactions; slow reactions
cannot be spontanecus reactione (10)35%, (T)37,5%
c} Exothermic reactions are spontanevus reactions. (10)23%,
(1137,5%
More than half of the standard B studenta interpreted the phrasa f
spontaneocus reaction as a raaction that takes place without dalay,

This niaconception was equally prevalent amongst stendard 10

students., As the concept (thermedynamic) of apontaneous reaction lz

not formally conaidered at any level in the schiool syllabus the

existence and persistence of missonceptions is not surprising. The

overyday use of the word spontaneous is a prebable source of
misconception. This was noted in chapter 5. Howaver explicit wrong
statenents also appear in school textbooks. For example, in a
textbook used at a standard & level [35(f)1:

“7he alkali mstales lithium, sodium and potaselum reacted very
enargetically {my iltalica) with water.......,Reactions such as the
ahave, whioh ocour when twe substances ara brought inte contact
with each other without First heating them are called spontanecus

reactions",

o' A
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2.2 Regearch methodn
1. Teachers movemant towards the sclentlfic view of reactivity,

Teacher understanding of and movement towards the scientific view of

the concopt reactlvity was facllitated throughout the gourese.

Teachers were actively engaged during the course, in constructing
thelr own knowledge during four sappions that spanned over a perded
four weeka and the pre-gourse wark alpe spanning over & peried of

throe to four wesks.

During the pre-acurce work the eourse participants had to eliolt the
from approximataly 4~6 of thelr students their understanding of the

conoapt reactivity.

Intexview responpges of thase students, and teachers own reoponsea
during the pre-gourse work on experiments that were listet] in the
"Understandlng Reactivity” pack, had to be brought for disecuasion

during the flrst sessien.

The teacheys! interaction with the pask, particuloerly during
sgagions 1,2,3 & 4 wop facllitated, evaluated and supetviced by the
regoarsher In the role of course leader ipn an interactive manney

during theoe pesslons.

The course leader assioted the teacherp to move gradually towards
the sclentific viow abeut reagtivity, This process wao facilitated
by the wenotroctivist approach of the pack. The examples In the
activity cerds, were used to "anchor” and provide a "bxldge", ae
that teachers moved towards conotructing the sclentlflc view af

robotivity.
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¢} be aware that both axothermic and endothermice reactions can be

opontenedaus.

e —r——-



a)

b)

2,

aj

b)

g.

a)

4.

a}

b)

1141

distinguish betwesn the different approaches used experimentully
for measuring reactivity;
differentlate betwesen the everyday and pelentifie meanings of

the terms renotivity and reactivity sexlesn.

Bloctrochemical series

By the end of the sourse tesglors phould ba:

aware that voltage measurements do not give rate information;
aware that thore lo no hegesoary connoctlon botwaon cell
onf (extont of & reaction} and the current (rate of the

roastien),

Catalyst

By the end of the cource teachars should be:

awors that a ontalyat by taking part in the reactlisn offerp an

alternative path of lower activation energy;

Spontaneous reactlon

By the end of the sourne teachers should:

diiferentiate botweon the everyday and sclontific meaninge of
the term npontanecun;
recognise that opeed of o reastion s not a criterien for &

spentanecus reactlon;
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In view of the above the subjects selacted for thias study somprised

two catagories:

i. Peacherp - Saven teachers from naven diffasent cchools whe wore
currently teashing standayd 8 students dolng Physical

Science.

2. Btudents ~ gtandavd 8 students of the schools above doing

Phyaieal Sclenca.

In ordor to obtaln the ragquired information, it wap declded to:

1. vvaluate and apsertain the axtent to which teachers have movad

towarde the sgilentifie view about reactivity;

2, test ptandard 8 ptudento of teashers who partigipated in the

coluree;

J. teot ptandaxd 8 students that wore taught in a traditional way by

toachers who did not particlpate in the courno

4. voo tept data previouoly reported for otandard 8 ptudentp in the

same 4y oimilar scheola,

The opealfle contenterelated objectives thot tho "Underotanding

Reastlvity” pack attempts to achieve are av follown:

4. Reaotdvity & reactivity serdea

BY the ond of the eourse teashers chould be able to:
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CHAPTER %: AIME AND STRATEGIES OF THE RESRARCH
2.1 objective of Hepewrch

The traditionhal approach te teaching reactivity falls in drawing
otudent attention to the fast that reastivity ¢an be inteypreted in
o kinetie or a thormodynamie pense. Moot school tastbooks deal with

reactivity in an amblguous monnor in this respeat.

The diffevent eriterla ugsed te meaoure reastivity are net explielily
addresgad in moet oehool tostheoks. The congapt of mpontanesuo
reaovuion ic not emphasized., Undorstanding of thens concepts gained
In otandard 9 could form a opringbonrd for the understanding of the
more'quantitative work dona in rates of reaction and chemloal

aquilibrine at o ctandazd 10 levsl,
Tha aims of thia otudy ware:

1. %o doodyn o conseptual change sourse for individ. al pelence
teachers from & nweber of schoels, to develop thelr knowledge and

underntonding of reactivity;

2. to design an “Understanding Reastivity" pack accoxnding to
the conotructiviot formnt, ancd uce tha pack in a concoptual

shange ecarse for the teacherp

3. to apeartoln the effoctivensog of the ildeas dincussed with the
toachers portielpating in the sourss to thedr standard 8

otudentn,

Lt ey e s b e s e
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the same standard 8 resctlvity gquestionnaire as was used during

phage 1 of the lnvestigation.
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1.3 Deliberating about the strategy and methodology for teaching

reactivity

Toachers were alse given an opportunity durlng the course to
verbalise the aspectz they would consider for drafting an outline of
the teaching gtrategy, and the methodology they would uee to
transfer the newly acquired ldeas to their students. From their
responges the extent to which the individual teachers would apply
the new strategies in the classroom and phare the newly acgulred

ideas with thelr students was azcertalned,

1.4 fTesting the extent to which the concepte dealt with in the
ooursge materlal are traneferred successfully to their

standard 8 studente by the participating teachexs

Given that teachers had moved tewards the sclentific view of
reactivity, doss not necessarily lmply that the newly acguired

ideas will be suocéessfully transfexred teo their students.

Many factore may centribute towards unsuceessful tranofer of
knowledga. One of these factors, as indicated at the oubaet, ls that
no amoupt of Ilnstructlon will be helpful to studenta 1f they are not

determined to learn.

The extent to whieh the newly acquired ideas wara transferred by the
teachers whe completed the conceptual chande eourse was determinecd

by the responses of the standard 8 pupils to the sawme standard 8

PR

el o g
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The new materlal in the pack dees not detract from the concepts that
are already currently in the standard 8 syllabus but attempts teo
show that the concepts ¢an be linked in 4 ¢omplementary and

meaningful way.

The design of the *Understanding Reactivity" pack was insplred by
the constructlivist strategy used by summersi2:53 and his PSTS group.
the "Understanding Reactivity" pack ueing a egimilar format attempts
to link the concept of reactivity at the standard 8 level with
toplos which are traditionally dealt with only at the standard 10

lavel,
1.2 Focilitating a paradigm shift amonget participating teachers

Iserté indicates that the meaning of taxtual information is not
darived wholly frc. reading the text but from the lnteraction nf the

roader wlth the textual information.

The resesrcher’s teashing exparience has shown that tew material in
itself ila not sufficlent. It has to be integrated in the learneys
&ognitlon by a teacher who lg famlliar with the subject matter.

An attempt was made to facilitate a paradigm shift amonget the
courpe participante by the researxcher in an interactive manner
throughout the course, The reeearcher, as course leader was engaged
in this process from the time the ccurse material was introdused te
the course participants t¢o the time when the guestiohnalres were

adminietered to their studenta.
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CHARTER 1: MODUS OFERANDX FOR PHASE 2

thase 2 of this research as indicated previously, focused on
improving the understanding of reactivity concepts by standagid 6

teachers.
This phase specLlfically involved:

1. designing an "Understanding Reactivity" pack for use in a
concaptual change course for teachers;

2. facilitating a paradigm shift amongst teachers participating
in the course;

3, deliberating about the etrategy and methodolegy for teaching
reactivity;

4. testing the extent to which the concepts dealt with in the course
materlal are traneferred to their atandard B students by the

participating teachers in the couras.

1.1 Pesigning an "Understanding Reactivity" pack for use in a

conceptual change course for teachers.{APPRENDIX 02)

Arising from previous findings, new materlial for secondary school
teachere had to be designed, taking into account the difficulty with
‘which learnsrs accommodate and aspimilate new material. The new
material had Lo take into aceount teachers baseline of prior
knowledge and employ a constructivist format to facilitate a
paxradigm shift amongst atandard 8 sclence teachers towards carxect
cancaptions.

Teachers views on aspects of reasgtivity were used to dotermine the

ptarting point for deslaning the "Understanding Reactivity" pack.
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PHASE 2
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It is clear in this case that the students misconceptione do not lie
wlth the methodology used by the teachetr. The teacher merely playe a
mediating role in tranemitting incorresct ildeag. The texthooka in
fact may be playing the most important role in fosterlng
misconceptions.

1t would then follow that it is important that (i) rastructional
materials be deaigned and structured according te the constructivist
format so that meaningful learning of the correct concepts takes

place, {1i) teachers are offered in-gervice programmes that aim to

bring about conceptual change.

Teachers understanding of the concepts to be taught have to he
devalapad first as they are an important source of information
students use to construst thelr concepts. This is the subject of

phase 2 of the ressarch.
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CHAPTER 7: CONCLUSIONS FRUM FHASE 1

This phase of the study has explored the views of students and
teachers about meveral inter-related concepts: catalysis,
spontaneous reaction, exothermic reaction, activation en<' gy.
remctivity, rate of reactions, equilibrium, reactivity serie=e and
electrochemlcal series.

It is evident that these are poorly differentiated and/ox

erroneouely understood by students, teaghere and textbook authors.

Taachers have been shown to have zimilar misconceptions to those of
ptudents. However the textbonk is an Ilmportant scurce of information
not only for studente but aleso for teachers. We have soan that the
textbooxs are poor guides teo the understanding of these concepts. i
Therefore students are probably learning ingorrect concepts from {
both teachsers and textbooks. |
Tagthook authore mrganise their books along lines lald down by the t
ayllapus, The syllabus does not link the conceptes of reastivity,

dealt wlth in standard 8, with those of rates of reaction and

chemlcal equilibriom, dealt with in gtandard 10. Furthermore the

gtandard 10 oyllabus deoes not ref.r bask te the concept of

reagtivity dealt with in ptandard B, Textbook authors eimilarly fail

to make such links.

In the light of the above it is inevitable that the standard 10
vtudents have exactly the same misconoeptions about reactivity as
thelr astandard 8 colleaguee., Students are powerlese to improve 1f
thelt major sources of Llnagtructien - the teachers and textbooks -

provide ambiguous ang incorract meesagas.
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d) Reactivity sexies is invariant (Order of =. .znts doss not
change}
Some teachers felt that the order of the elements in a
reactivity series is invariant irrespective of the type of
substance the alements react with.
"The order of the slements in the reactivity serles does not
ehange."
"I did not know how to explaln why ealeium is more reactive
thah magnesium with water but with axygen it le leas resstlve

than caleium.”

The notions lllustrated above by teachers are known, from repearah®,

to be aloo charasterlatio of pupil'as views about reactivity.
4.2 Teachers responses during the discussisn of the activity caxds

The astivity cards which cantained anchoring and bridging examples
indieatad the extant of the awareness of the course partiecipants of
the material under dissusslon. Fuyrthermere the cards also helped
them tn ascommodate the new idean and thel:r movemont towards the

pelentific view.

Aptilvity cards 2 and 3 of pesslon 2 goniained depuripiions of

aperting evente and chemical reactions respectivaly.

Teachers reaponsap pertalning to the outeomos that wers measurad
during each astivity were olicited, Theoe activity cards aimed at
making the participents aware of the erlterisn used for Judging

reactivity in each vase.
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a) Methods used to measure reactlvity unclear

Tagshars were not alear ap te what the axperimental basis for
meaguring reactivity was. Some guotationa te ‘llustrate the

abeve are givent

* fhe brilllance of the flame and the vigour of the reaction

glves the roactivity'.

* T am often confusod ac to how am I to measure the dogroo of
reastivity, I usvally let the reopulto puit the demando of the

author and oyllabua®.

b) Reactivity ie cennidered anthrepomorphically (Deseriptlon vsen

c)

human echaracteription)

gote of the teachers had a human ecantered view of reactivity,
"Magneclum no matter hew omall gives o more dramatie effect than
a larger pies of sodium.”

"A motal Lo reactive if it zeasoto wlith vigour*,

A espontanhesun reaastion llnked to rate

Mony teachero expressed the fellowing views:

"A spontapecua reaction ip a fapt reaction'.

'A pponhtaneous raastion takes plage without delay”

"n non opentaneous reactlen reguires a gatalyot"
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apurse partieipants’ own personal views about reactivity were

conaidered while gaining ineight into studant’s views about

reactlvity.

Card 1 -~ The resction of metalc with water.

Caxd 2

Caxd 3

The reaction of metals with exygen.

The reaction of mevale with aguecus solutions of metal

aalte.

Card 4 - The reactlon of halegens with agusous oslutions of metal

haliden.

During each experiment similar focus queations were asked. Examples

of the guestions are:

1.
2.

3.

i,

“which Lls the most reactive met:al?"”

*which in the least reactive metal?"

"glve the oxder of the metals inh terms of increasing reactivity
with elements or cempounds concorned." {e.g. watar, metal
halldes ota.)

"How did you arrive at the order in (3)2"

aertoln featureo of teashern notiona akout reactivity hesame alear

from tholr written and verbal responasc. The regponson balow

oummarioe the range of views exprosced by the teashers. The views

ara gimllar %o those exproased hy pupile, during phase 1 of thinz

dnventigations,
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CHAPTFR 4: EVALUATION OF TEACHERS UNDERBTANDING OF THE CONTENTS OF

THY "UNDERSTANDING REACTIVI®Y" PACK

For the duratien of the aourse, tha course leader used a tape
racorder to record the proceedings of the seaplons, Teachers had
indigated that they would not feel uncomfortable wlith this procedure
and sgresd with the course leadar that the recordings sould ba

"played baok" where neecessary to see if teachers views had changed.

Teachers understanding of reactivity-related conceptn was asoecsed

at various stages outlined bealow:

i, pre~courpoe work

2, activity cavde .
3. homework questlonnaire

4, draft outline of the tenching strategy

5. wethodelogy for the implementation of design.

The draft outline of the teachingyg strategy and the methoedelogy to be
used for the teasching of rasagtivity are discussed in the next

ahapter.

4.1 Teachers fdeas ahout reactivity elicited during pre-course

vork

Durding the pre-course werk teachersz’ views ware redguestad about
yenstivity in the experiments lisoted on the gards below. Tha
teachezrs views had to be completed before lnterviewing puplls abeut
thelr underctandlng of reagtivity. The pro-courge work was an

lupertant componant of the “Underctanding Reastivity® paock hecause
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- Timing

~ Running of the activity.

Aimg of the pre-vourse work and the sessions

The aims of the pre-coursze werk and each sesslon are listed

indicating the key aspecta that are golng to ba addresced.

Regsourees to bo provided by the vourse loader
The resources to be provided by the gourse leader for the pre-gourse

work and each of the seselons are licted.

riming
Phe total time and the doration for the diseussion of the handouts

during the pra-course work and sach of the sessiona is glven.

Running of the activity

Tthe astual progedure of lmplementation that io golnyg te be wned Ly
tha eecurse leader during the pre-course work and sesplons are
aelaberated on.

The pagk eoniaine detalle of the nature of the sontent under raview,
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The empbasis throughout the sourse is en the personal constructien
of knowledge by each teacher at a level that ls appropriate for that

individual.

The "Understanding Reactivity" pack has the feollowing broad

outlines

-~ Dutline plan of the course
- Summary of the course

- Activity cards.

optline plan of the aourse
The pack at the outeet gives an outline plan of the course
indioating which key aspests ave geing to he dealt with during the

pre~oourse work and the four sessions.
Summaxry of the course

A summary of the coursge deecribas the handouts that are going %o be
used during the pra-course work and the four sesalona that follow.
The summary alse glves an indlcation of whathar a handout will ke

fallowed by & discussion or a group activity and diecuoaion, ete,

Activity cards

The nuwber of ac: ivity caxvs that will be uned for wach session are
1ir ed.

ror the pre-course worit and aach of the feur sessions the following

agpecta are elaborated oni

= Almn of the pro-csures work and the asasions

- Rapouroes to bo provided by tho couroe leadexr
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CHAPTER 3: DUTLINE OF THE “UNDERSTANDING REACTIVITY" PACK

(APPENDIX 02)

The material in the pack has been designed according to the
construptivist format toe help esccondary teachers develop their
knowledge and undarstanding of reactivity and related concepts,
It is dlfferent from other material in that it starts firom ldeas
about reactivity that sesondary school teachers already have and

Ludlde upen tham,

The material la basad en interviews sonducted earlier with standard
8 puplls and on guestionnaires administexed to both teasherp and

pupile ot reastivity-related -sncepts.

Approximataly four sesnlons wera used to introduge the concept of
reactlvity and related euncepts and te emphasize the rate and energy

viewpointe about reactivity.

The package highlights cartain acpacta of the solentific view of
reactivity which are known from reeearch to provide particular

congaptual difficultiea.

Ceurse partlicipants awxe intreduced to the misconceptiobs which
childeen and teachers posoess and becoma aware of the neture of
thelr own intuitive views. They are precented with the ceientitie
interpretations of these aituations and perform a series of
prastical agtivitleso denoigned to persuade them of thelwr validity.
Mora general agecunta of the seientifis view of reactivity are aleo

preasented agaln in termo of famillar evoryday oltuatiens.
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Peacher homework guestleonnaires

The "Understanding Reactivity" pack contalned homework
questionnaires baszed on " spot the expert view" which teachers had
to respond to on completion of session 2 and 3., The responmes Yo a
guestionnaire were discussed before the beginning of the subseguent
sassions, Phe gquestlonnaires contained statements that were
selentifically correct as well as statements other than scientifie.
If the statemant waps salentlifically coryrect the optien "YBES" had to
be pinged and Lf the statement was celentifically incorrect the

option "NO" had to be ringed.

Student questionnaire

A thirty minute reactivity multiple-cholce type gqueptionnaire used
in the earlier investlgatlon wae used agaln to probe misoonceptlons
of students at a standard B level on reactivity relatad conrapta.
Two additicnal open ended guestions were included te complemant the
muitiple-uhoice guestlone, and to support the ralisbllity of the

resulis.

The resctivity queationnalre was administered by the participante teo
ptandard 8 ptudents, doing Physical Science. The gquestlonhaire was
adminiotered subseqguent to the completien of the teaching abeut
reactivity, on a date declded by the participante and researcher,
The reantivity guesticnnalres were delivarxed to the teachers that
ware taking part in the ecourse. They were requosted te handle the
diptribution and pubsequent sollection of che scandaxd 8

Quastlonnaires.



R, 3k o LY~ ad o Ui

3

P

e BB w T

147

Details of the schools and teashers used are tabulated.

e

+

Standards

Schoaol Phase 1 Phane 2
+ tanght Ho., of Ho. of ptudents of participating
taacher teachars
by gtudents + . S . +
not delaying delaying
teachers the teaching the teaching of
of reactivity reactivity
1A std, 8&10 - 40 -
2*s | std. 8&10 | 118 - | 67 |
! ! ! !
* # + # - 4
3¢ | etd. 8 ] - - ! 106 !
{ } ! !
+ % f T —— + b
A" | srd. 8 ! 48 | - t 166 ]
- | | | !
52 | std, 8&L0 | 74 54 { - i
| I ! I
6r | std. 8810 - 44 i -
{ !
76 | std. 8510 - - | - 18
_ | l
+* + + + + - -
Total number of 237 138 | 257
students ]

+

The guperscript (*)

part In the phase 1

after a number indicates that the scheol took

and phase 2 ilnvestigations. The notatlon 2'B

Implies acheol pa. 2 took part In the phase 1 and phase 2

inveatigationa and teacher B ls currently teaching at the school.

Hone of the teacherp particlpating in thae course took part in the

eariler invastigation.

Both teachers and studants had to complete guestionnalres.
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2.3 Research design

During phase 2 nf the lnveptigation seven schools under the
administyation of the House of Dalegates {H.0.D) warae sslectaed.
Phrer of the seven seghools indicated by an asterdisk (*)} had been
lnvelved in the earlier investigatlon(phase 1). The teachars from
the following schools were selected: Lenasia South Sacondary,
Lenasla Secondary, Himalaya Secondary, Laudlum Secondary, Azadville
Sacondary, Topaz Secondary and nLaudium Tslamic Secondary. These
schools were pelected because they were fairly representative with
¥espect to academic standarde, Teaghers, schocla and number of
studetits used in this {phase 2} and the earlier {phase 1)
Inventigations are shown in the table that follows. Taashers that
volunteared %o participate used 4-6 students during the pre-course
work to allclt the students understanding of reactivity. Fouxr of the

saven teachers delayed the teaching of reactivity.

Three teachere had already started the teaching of resctivity in
April. Their teaching of reactivity was running parallel to, or
ahasd of the cournm that wae presented and therefore it waco
¢onaidered that they did not d.lay the teaching of reactivity.
gtudents were expected to be taught in a traditional. These teachaers
were allowed to partleipate and contribute towards the disgusnions

during the coursa.
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mime table indicating the progresmion of events from implementation

of the course material to adminietering the std.§ guestlonnaire.

e,
T

b

+

*

DURATION

da

MONTH WEEK TAEK
1 i BBGINRKING i} ! i !
March 14/3 lhr 45min] Pre-course work
2173 - Pre-courepe work
i 1 28/3 - ! Pre-gourse work
,npril i . 11/4 +1hr 45min. Seaglob 1 I
18/4 ibhr 45min| Seaslen 2
1 2574 Llhr 5&min| Session 3 I
.Har . 2/5 .Dhr aominl Sagsion 4 I
ihr Session 4: hapects to consider-
for draft outline of teaching
dasign.
18/5 - Busy designing teaching strategy
23/5 - Busy demslgning teaching strategy
3n/s lhy 55min| Sesalon S5: Diecusslon first draft
outline of teaching strategy
.June . 6/6 I ] i pusy refining teaching strategy I
13/6 3 waeks | Buay refinitg teaching strategy
20/8 E Buay refining teaching strategy
2776 Sesclob 61 Draft outline af
' 1 t 1 teaching strategy finalinped. l
iauly j 477 i . i Scherl vecation i
‘Auguat ' /8 ‘—i E“Teachang deslign to be implementadT
a/a I } Teaching design te be implemented
15/8 2 weeke ; Teaching dasizyn to he lmplemented
22/8 | % Pegdback of ilmplementation
28/8 30 min.; Questionnaire admind vtered

o=,
T
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snteragtion between the course leader and the teachers continued for

the entire duration of the course.

2. Yeaching the topic reactivity

part of sesslon 4, and sessisns 5 and B were used to elicit from the
teachers verbally and in written form the teaching strategy and the
methodoloagy they would use to tranafer the newly ac¢quired knowledge

to thelr pupile.

3. Implementation of the Instructional strstegy

on ¢complation of the nourse material and drafting of the outline and
methodology to he used for teashing the congept reactivity, the
toacheres had to teach the tepige reactivity to thelr standard 8
students. This phase spanned over a peried of approximately four

weeks ond was not directly opbserved by the ressarcher.
4. Students upderstanding of reactivity

gtudent undepastanding of reastlvity- related ocencepts was tested
after receiving instruetion, using a reactivity multiple-choice type
qguestionnalre. The guestionnaire contained a combination of
multiple~choice and open ended guestiens in a camplementary manner.
Tha multiple-chuice guestions were identical to those used in

phase | of the investigation,

The four stages described above epanned over a perlad of six montl s,

A summary of the programme is tabulated.
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suggested outline no. 3.

DESIGNING THE TERACHING MATERIAL ON REACTIVITY

ADVANCE ORGANISER

REACTIONS HEAT
|@alatad to
| |
ELECQTROLYYLC REACTIVITY ELECTROC IBMICAL
CELL | has to CELL
| do with
I ia
| rolated
o+ S TEpR——"] . T
| |
RATE OF RRACYTION EREBRGY CHAMNGES e i e o s
AND DISTRIRUTION 1
call
potentials
tel) us
whethor
indicator reaction
of ico
. |
| | the |
I | |
| BXTENT ) i
an | oF L L T
| REACTTION |
s e g o i e l 1]
| | |
ENDOTHERNIC DXOTHERMIC b + o+
REACTION REACTION | J
KON~ SPONTANEBO! &
* SPONTANBOLS KEACTIC

REACTION
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Suggented outline neo. 2.

RERCTIONR
I
I
| |
NON SPONTANECUS REACHION SPONTANEOUS REACTION -+
gan bhe | | i
- * 4 dud | oooure |
| | | ] —— |
I | I | ! !
I I [ | | j
FAST  SLOW EXO ENpO NATURALLY |
| | deoals
in doag not ! | with
+ : |
|
ELECTROLYTIC CBLL ENERGY CHANGEB--+

L) ! . ) n
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suggestod outline no. 1.

REACTIVITY
I
I
| |
TINRORETICAL EXPERIMENTAL
o e e i i e
I I
e I
RATE BQUIL.

1l.How fopt? l.Can it occur?
2. How fax?
{ factora affacting

rote and egull.}

o, wh - o

I I
I I
RAYE ROUIL.

1. Can students diotingulok experlmental

appreachas to measure rezotivity?
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Teachers: "I have never thought that I eould relate slestrolytic

cells to reactlvity and to ppentansity"

Teacher(s): “Heat can be rxoloted to the energy changes in chemical
reagtlonc«~I never used to relate the phynies to

shetwlotry".,

Teacher: "My teachling wap oo compartmentallced”

course leadert "In my sarlier teaching I aloe did not relate the
pection on heat to energy changea that take part in o
chemd sal reaction.”

Courne leador: "be you think that you have baen benefiting frem the

course . ”

Toacherst Yoo, the dissusslons ar: very helpful.

Coursa leader: “If I run n eimilorly ctructured course en Vestoro,
do you think teoacharn will be interonted?"

Teaghera: "Doflinitely."

The eourge lander got tho feollng that tho participontn had enly

reforred superily to the ayllabup in the pact and thic endoavour waco

halpf. 1.

It wan puggeotod by tho courpe leader that outline 3 esuld perhapo
gerva an ah advance organloer for linking related consopts more
meaningfully. It was alne gpontanceunly adeptod by tho teashors that
the outline would be helpful for sequoncing and adapting thedr
teaching moterial, preferably to a sonotructivist format to make

ptudonto leoarning more meoaningful.
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gouran leader: Yeu have to go through the syllabus and goe how
thepe concepts can be linked. Once you have a plcture
you mupt denlgn a teaching ptratedy to teach the

concepts roloted te Xeaotivity.

phe teachers abilities to synthesize and apply the new information
was aliecitod. They wera reguestod to outline diagrammatically the
linke between the reactivity-related conceptno in o meaningful way.

Thase eutlines had to be brought te gesplion 8.

gSame of the draft outlinen brought by teachors during ocessien § are
ohown to indicatw how they had llnked tho conzeptu. Draft outlines
1 & 2 deawn up ag homowork by twe of the teoachaerc have been

inaluded.

outline 2 was conntructed dering sesslen §, uaing the otandard @
gyllabup, ih & cooperative and supervised manner by the toachers and
the soursce leader. Outline 3 indicaten and highlightn somo of the
linke of rolaoted congepts thot ¢dan lead te meaningful learning.
gome of the viewo exprepoed by the teachers and couroe leades after

conntructing thic outline are gusted:

Couroa loader: "Ef yvou havo o global ldea of what you are attempting
to do, 1t ig very helpful. sometimes the global
ploture noade Yo be glven te the ptudents

beforchand”,

Taacher 3"I have nover leoked ot roacstivisy in thio way.... 0o many

conespto ean bo linked®
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Teacher({s;: fas, we wan,

Courde leader: What about eleotrochemical cello. Do you think this
can bhe linked to reactivity?

Teachar{s): Yea, chemioal energy ls sonvarted te electrical

enargy.

Course leader: 1 have drawn your attentien to several concepts,
lets mes how you ean link them. I will give you an

exanple.

{ Course leader draws the following flow dlagram on the chalkbeaxrd:

REACTIVITY = m—mrimm e

| haa te do |
| with |
[
REACH'TONS ELECTROCHREMICAL CBLL
|zan be i
t + * R
| [ | |
] | reaction can ba |
{ | | |
' | ] yaaction can be
HON SPONTANEODS SPONTANEQUS i
[ {
+ ~ et 4 ]

Course leadext I have linked the gsonsepts waing linking words.
Reactivity can be linked to non mpontanacug ond
apoiitanocus reactions, Hlectroshomiecal ¢ell san Lo
linkad to the concspte of gpontanesus and neon

apontancaus reaction.
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n 2.8.3 one ls dealing with electroshemical wmells:

this conoept Le dealt with at a matric level., If you

remember cell voltages tell) us nothing about rats,

?his is another method for measuring reactivity.

Working within the scope of the syllabus, and wh:it
we have done, lets pee how these concepts can L -

linked by means of a flowchart.

While golng through the couree material we have
expragsed 8 need t£o present the material in the

syllabus in a differsnt and more coherent way.

Lets look at the extent to whilch the knowledge
aoquired during the course moulu e integrated with

related tepica in the asyllabuz.

Do you think that we can perhaps Link slectralytic

eells to the conoept of reactivity?

Na I den’t think eo.

Courae leadar: Do you thihk that the reacticons in an electrelytic

oell are spontaneous or nen spontansoust

Teachar: Spontanacun.

Course leadar: Why?

Teachor: Because the reaction le taking place.

Courge leader, Yes, but energy is cantinuouply supplied.

Qourpe leader: ok, oo 1f the reaction in an electrolytie gell is

noh spontanesun ¢an we hot Link this to reactivity?
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Course laader: You will notilce that 2.5.1.2 refers to the rate
aspact of reactivity. A methad which san he used to

meaaure reactivity.

Bxoerpt fropm syllablis
{2.5.1.3 Reactions with solutionw of metal salts,
ervesoln nome cases an ingrease of temperaturs ia

detectabla. This indlaates a release of energy.]

Couyse leaders You will notloe that 2.35.1.3 refers te the energy
anpact of reactivity. Another methed for measuring

raactivity.

Bxeaxpt from syllabus

(2.8 Chemical reactions and electricity.

2.8.2 Elegtrolysais
Comparloon of the eleetrolyois of HgCly, or Cuel, with the
dasompenition of gl wheh heated. In both casas o sompound

deaompoosg an o rooult of an additien of energy).

Courve leader: ¥You will notice that 2,8.2 refars to endothermic
voactlonps enexrqy can be aboorbed in different wayc,
Brocorpt From apllabus
[2.8,3 Roactions produeing eleckrieal energy.
Demonotration of tha egtablishment of a potentlal
diiference hetwooh the alectredes of a simple cell,
Trancformation of chomizal mnorgy inte oleetrical

anorgy) .
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dpursa leader: Please bripng your draft attempts of the outlines
linking reactivity to related concepts for

discuesion during gession 5.

Courge leader: I will give you an example later, of the type of

linkage I am refarring to.

Courpe leadar: Lot's pee where thase goncepts on the chalkboard
appear in the syllabue so that we can link key

eoncepts meaningfully when you teach peactivity.

gxcorpts £r . the syllabus relevant to the courne matapdal had bpen
reproduted to gomplement the comments that follew. The numbering of
the pyllobup wac retained for cross rofereneing purposas, The
teachers attentlon wan derawn to the looation of those gonsepte In
the oyllabus. The degaxiptlons that were not part of the dialegue

are put in oguare brackets,

Excorpt rrom ayllabus

[3.5 Attentlon should be drawm te the fact ghat pome reacticna
take plate spontanecusly and otheras do aot,
2.5,1.1 Reactiono of metaln]
Courna leadur: If you leook at 2.5 of the eyllabup, you will notiee
that ppontaneity wap dealt with duping our course.

Excotpt froam syllabug

[2.5:1:2 Rasetionn with water
sercanoting the mate at which these elements release

hydragen)
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CHAPTER 5. TEACHING STRATEGY AND METHODOLOGY TO BE USED WHEN

TEARCHING REACTIVITY

After going through the vois ie matarial for session 4, teachers
responees about how the newly acguived material sheuld be taught
were aliclted. Thelr attempts were supervised and directed during

the remaining seseslons, on aspects indlcated helow:

~diagrammatic outline, linking key reactivity-related concepts
~teaching strategy for the tople reastivity

-methodology to be used for teaching resctivity,
5.1 Dpiagrammatic outline linking key reactivity-related concepts

Teachere were given a copy of the relevant mections of the standard
& Physical Ssience egyllebus (appendix cl). The followlng somments

wexe made by the course lsader and the teachers participating:

Course leader: We have gohe through the course material, let's
iist the concepts we dealt with, I am going to

write some of them on the chalkboard.

The teachers attaptlon wae drawn hy the agourse leader to the
folle #ing concepta thai were disgunsed during the courwva, Thege wers

linted on tha ahalkboard:

=~Spontanesus renation
~Roactlons that abgorb energy
~Reastlons that give off anergy
~Reaction of metals
-Electyrolytia cell

~EBleatroahemical oell
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extent to which teachers had moved towards the scientific viaw.

The goal of the homework exereises was to intreduce the teachers vo
a range of viewe about the concept reactivity as related to chemiecal
reactions like those they had already met, including "expert” or

"geiantifle" explanatichs.

The homework guestionnalre contains several eltuatlons similar to
those whieh the teachers encountered during thelr pre-couree

enquiry.

The teachers task was to "apol the expert view(s)" ameng the

gtatemants about eash situubtion.

The eempleted guesticnnaire was discusged hafore commencing of a

new sesaien.

the large pr “antage of correct responees by each teacher to the
homework gquestionnalre ind)eated that the contents of the pack had
been understood and that teachers had moved towards the sclentific

view about reactivity.
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The following responst encompasses the views expressed by most of
the teachers when going through activity cards 2 and 3 of

eaaslon 2.

"It depends what you are measuring. bo you want to khow how far

or how fagt?"

Implicit in this response was that which was being ascerteined in

the pre-~sourse work:

What was the basis for measuring reactivity in the pre-~course work?

Was it how fast or was it how far?

potivity cards 2, 3, 4 and 5 of sepeion 3 contaiced descriptions ol
gpontaneous reactiona. Some of the morae representative teacher

regponses are illustrated:

* I always thought that epontanecus reactions has ta do with
apaad®
1 I see, spontancous does not mwan instantansous®

* oh, spantanecus proceapes hap 1o do with energy changes®

The above respsnses indilcated meavemant towards the sgientific view,

The partiolpants indicated that the disousslon on the activity
cards were very meaningful since the process of understanding was

fasilitated by tha courna leader.

.

4.3 Teachers responsas to the homework guestionnalre
The homework guestionnaires were used by both the teachers apne the

oourss lsader as indicators to aspess teacher understanding of the
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Teaching delayed (old achoolay Ne233) with teaching undelayed fold

sochoals; Nobd). (Appendix D2)

A students t-test showed that the average percontagen obtalned by
these two sotegories of students in phase 2 on tha gQuestlionnaire
were significantly different. The she cataegury of students recelved
delayed teaching of reastivity and the other reeelved undelayed
toaching.

Teaching delayed (N=233): 33%

Teachlng undelayed (ilw%4): 25%

Teaching undelayed (old sshools; N254) with teavhing undelayed (hew

schools; N=84). (Appendix B2)

b students t~test showed that average percentages ohteined by the
two categories of students In phase 2 on the guestionnalre were not
slgnlficantly different. Both the categordes af studente did not

rocaive delayed teaching of yeactivity.

Teaching undeleyed {N=54): 25%

Teachitng undelayed (N=84);: 25%

Yeaching delayed [old zchools; N=233) with teaching delayed, (new

sohonlsy Nal24), fAppendizx F2)

A studente t-test showed that average porgentages sbtained by the
two categories of students on the questionnaire were significantly
differont. The one category of studentz recelved delayed teaching of
reaotlivity and the other received undelayed teaching.

Poaching delayed (N=233): 33%
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A Chi sguared test for independonse indicated that thore wan a
plgnificance difference for the follewing questlonso:

guoaotion 5 (N=l3B) dld better;

guoation 6 (N=4ll) did batter.

nhere was no significant difference for questions 1,2,3,4,7 & 8.

Peaching doelayed, (old & new echoolsy N=38?) with teaching

undalayed, told & now scheels; N=l138), (Appendix ©2)

& studanto t-teot showed that the average porcentages obtalnod by
the twe categorles of ptudents in phase 2 on the guestionnalre woro
olgnificantly different. One eatugory dolayed the teaching el

roactivity and the other did not,

Teashing delayed {N=357)¢ 25%
Peaching undelayed (Nol3g): 25%

A Chi sguara test feor indepondense indisated that there was o
significant difference for the gqueationp
gueption 3 & 4¢ (N=357) did betbar.

There wan ne pignificunt difference for questlono 1,2,5,G6,7 & 8.

[
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{The level of significance io taken to be = = 0,05 or the 5%

slgnificanar level.)

For question 1 the probability of getiing a value of X2 ap large as

zaleulated Lo 0.660. Binge Frobability > 0.08, Hy is not rejected

and we conslude that the groups are not different in their responses

at & =0.05.

& similar concluglon holds alao for queatiens 2,7, and 8.

For quection 3, the probability of getting a value of X2 as .urge
an @aloulated 15 0,00,
9ince Prebobllity < 0.08, Hy io rejected and we conclude that the

populations are different Lln their recponces for thio guaption.

A pimilar conelusion holds for ¢uestions 4, & and 6. %an all
quontliens (3,4,5 and 6) where there is a significant difference,
"tha, phace 2 delayad group of studento performsd botter than the

phaoe 1 group »f ptudents,

bhaaa 1, (N=411) with teaching uadelayed phase 2, (N=128).

{Appandir B2)

& students t~tent showed that the average perasntagec chtalned by
the two categorien of ctudents on the questlennaire were not

slgnificantly different,

Phooe 1 (N=41l)c  25%

Phane 2 undalayed (Rel38): 24%
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The probability of gettinhg a tevalue as large as 4.5362 If H, is
true ls 0.0000. Therefore H, o rejected and we conclude there is &
slonlficant difference between the means of both groups at » =0.05,
{otandard 8(N=4ll} mean = 24%, ptoandard B{NW=357) mean = 29%}.

The phase 2 delayed group did better than the phase 1 group.

The average percent choices by these atudents for tha carrect
reoponses and the acsompanylng optlens for each multiple-choice

guestion of the reaativity gquestionnalre are given later.

For the purposes of the comparicon the reaponces far the
multiple~cholee questions were treated as either 0(wrong) or
A{eorrost) i.e the reoulting data Lo not normally dictributed. A X°
teat was then employed to compare the resulta of the phase 1 group

te the phape 2 delayed group for the reactivity queatiannalre.

A Chi square test for indepondense was aarrled cut te determine
whethex or net the correet/wrong respense ls indepondent of whethex
standard 8 ptudsntse are from phase 1 group (Nw4ll} eor phanam 2

delayed grovp (N=357}.

The follewlng null hypothesio Hy and alternate hypetheses Hy are

apgumad .

Hpt The reoponse is independent of group.

Hit The respense ie not independent of greup

b e 4 a:
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4. Comparimon of rasulto for acheols that took part in phases 1 & 2

on the reasctivity guestiontaire. (Appendilx I2)

5. Individual student responses of both the phase 2 delayed groips
and undelayed groups to the yeactlvity guenulomnalre,

(Appendix J2)

6. Higtogramg. (Appendix ®2}
6.1 comparipon of etendard 8 resuite, per guestloh for phavs 1
(toaahing undalayad) with phase 2(teaching delayed) on

the reagtivity questionnalre.
Bhase 1,(Nedil) with teaching delayed phase 2, (N=2357).(Appendix AZ)

A Btudents t~test was employed to compare the overall average
obtained by the ztandard B studento of hoth groups for the

roactivity questionnalre.

The following null hypothesis Hp and alterante hypothosic Ry are

apanmed .

Hpt The mean remponsec for groups (N=41il) and (N=357) aro eguold.
{Ng{N=411) = ug{N=357})

Hyt The mean recponses for groups (Nwqll} and {N=357} ara not egqual,

{ug(Nndll) = ug(NR357)}

{(The level of nignificance lo taken to be = = 0.05 or the 5%

aignificance level)
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Rasulta

The rasults of the following analyses are given ln the appendixes as
shown below. The numbers in the seguare brackets [ ), alse appear in
the diagram aboeve to aid in trasking the comparloena. (Refer to

dlagram)

1. Comparicon of standard 87s results for phase 1 ond phase 2 en
the peactivity questlonnalre:
3.1 [1) Phase 1, (N=41l} wlth teaching delayed phase 2, {(N=3i57).
(Appendin A2}
1.2 [2] Phage 1, {N=41ll) with teaching undalayed phage 2, N=138}.

{Appendlx B2)

2, Compaxlsen of standard B'o results for phane 2 on the reactivity
queptionnalire:
2.1 [3) Teaching delayed, (old & new schoolo; N=387) with
taeaching undelayed, {old and new schoola; N=138),

{hppendir 02}

2,2 [4) Teaghing dalayed (old sshools: N=233) with teaching
undalayed (old achool; WuB4), (Appendix D2)

2.3 {5] Teaching undelayed (old acsheol; Ne54) with tsaching
undelayed (new achoels; N=84). (Appendlx E2)

2+4 1{6] Teaching delayed {old achools; ¥=233) with teaching
dalayed, (new cohoola; N=i24}, (Appendix F2)

2.5 [7] Teasching undelayed, [new achoole; N=84} with teashing

dolayed, (new sthools; Nel24). [Appendix 62)

3. Comparicon of different ochoels results for phooe 2 on the

reactivity quentiennalre. (Appendix H2)
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A schematle dlagram indicating the number of schoole and

students that partleipated during phase 1 and 2 of the investigation

io given below. Six schools participated in phase ! of the

lovestigation. Three of the six schools proceeded to perticipate in

phase 2 of the lnvestigatien, Four new acheols participated in phase

2 of tha investigation. Some schools during this phase dalayed the

teaching of reactivity and others did not.

PHASE 1 (OLD SCHOOLS) NEW SCHOOLS
Frem=—ww {6 ochoolp; 411 students)e+
|
!
N
t I
E |
THREE SUHOOLS THREE SCHOOLE
{237 students) (174 students)| [2)
[
| achoela
proceedad
to
.
I I
I I
PHASE 2 (4] PHASE 2 [5] FHASE 2 [7] PHASE 2
DELAYED <mmmmw= >  UNDELAYED <==|===p UNDELAYED <mrwmm= » DELAYED
{2 8chools; (1 geheol; {2 achools; {2 schools
233 mtudents) 54 students} 84 students) {124 studente)
| I I
+ <138> * |
|
[
{3l | [&}
I
{
*

w35 T -

[1]
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CHAPTER 6: REACYTIVITY QUESTIONNAIRE ~ CONTENTS AND GENERAL OUTCOMES

The general outcomes from use of the standard B questionnaire in

phase 2 are described.

the original reactivity questionnaire contained only multiple~choice
guastions. As described uvnder the inveptigations of phisa 1 these
gquastions wae desiyned to ascertaln students understanding of the
concepts reactivity, reactivity series and related concepts tested
earlier In the interviews. During phaze 2 of the investigetion two
additional open ended questions about reactivity wexe included in
the standard ¥ questionnalre. The open-ended guestions attempt to
compare the standard & phase 2 groups responses to thoce thak ware

given by standard 10 atudents during phase 1.

The distracters used for the multiple~cholce guestions referred to
possible misconceptiona. The concepts tested by the guestlons werxe
wlithin the framework of the topics of ratee of reactlon and ~hemical
equilibrium. The distractors for the guestlons on reastlvity series
had a "rate biag", l.e. they freguently inveked a connectlon hetween
rate of reactlon and reactivity. Hardly any distractora were
related to the overall energetics (aguilibrium) of the reaction.
Options such as "nene of the above" wera lneluded so that, Lf
students felt that the optlone which were glven did not relate to
either the kinetlc or the thermodynamiec implications in the term

reactivity, they couvld chooag these options.

o e i o
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concepts, Purthermore practical work should form an integral part
of the teaching and learning of the concept reactivity.

Thelr views were consistent with what has bean cited it research.
Research considered hande on practical work to ba important for

learners in order toi

~facilitate concept formatien

-shhance inaight and understanding.

Time allotted for teaching reactivity:
Teachers indicated that approximately three te four weeke were

required for tsaching the topic "Reauwtivity"”. The total number of

periods that they would allocate ta the teaching of the topic would

be approximately 20 to 24 pericds, eash period of 3% minute

duration.

The teachers efforts during these sessiona were encouraging and

lndicated that wuch thought had heen given te considering what would

make learning by pupile more meaningful,

S
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(4) Btate what the term reactivity means.
{§) Be familiar with the various approaches used to measure

reackivity.

{6) Distinguleh guestions of rate from questions of eguilibrium.

5.3 Maethodolegy to be used when implementing teaching strategy
Epart from having a logical sequence, the number of periods and
how the transfer of the newly acquired knowledge is going to he

realised was also discussed.

Teachers views of the appreach they were golng to use to get the

mesgage across to thelr standard 8 puplls were ellelted.
Soma notlions expressed by teachers:

Course leader: "What type of appreach will you use to get your .

megsage agross? Would you use the narrative

approach?"

Teacher(s): " Definjtely not; practival werk is important"

course leader: "But during the pre-course work, you used

pracstieals. That diqd not smesm teo be helpful*

Teacher: No, no I don't think so, you must bewome aware of
what you chserving."
Teacher{s): "Theory and practical work must go hand in hand."
Practical work:
The above guotatlons by teachers, indicated that they felt that

pbractical work was an important component for understanding science
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The views above were censildered by teachers to be important when
drafting a teaching dealgn. Thesa views are conslstent with that
which 1e currently prevalent amongst the science educational
community.

Objectives:

MeConki4? and sShepardson and Pizzinii? indicate that the purpose
for learning dirsets the attention to the selection of textual
information. Different purposes for learning influence attention
differently and thus the selection of textual informavion. It would
appear that the stipulation of objectives at the beginning of a
tepio or new concept may focus a students attentien in a deaired

dirsction.

This aspect was considered when the "Understanding Reactivity" pack
wazs depigned. Bach sesslion in the pack was preceded by a statement

of objectives of the partioular session,

8inilar views as those above were expreased by the teachers,
Teachera indicated that studepts attentien should be drawn to the

objectives of the lesson.

seme objestives formulated by tha teachers and the researcher

arising from the disoussion are listed below.

After careiul study of this unit you should he able to:
{1} state the oriteria for the direction of aspontansous chan .
{2} Recognise an exothermic reaction by uaing a thermometer,

{3' Recognise apn endothermic reactlon by using a thermomelex.
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5.2 MTeaching strategy for the topic reactivity

During session 5 the strateyy for teaching reactivity and the
methodology they weuld use to transfer the acquired khowledge waa

also ellicited.

The notiona expressed by most teachers indicated that the following

aspects were important when considering the tesching design:

~ohjactives
~previeus relevant knowledge

=languags usage.

Wotlons expressed by teachers during the discussion:

Some of the more representative notions expressed by the teachers

and falling within une categories menticned above ars gquoted:

ohjectives
"I will try to structure like you have done In the pack, give the

aims of the lezson®,

Previous relavant knowledge

*Do not assume prior knowledge - try to find the starting pelnt for
the childran”.

"I would like to start with pre-course work and move from there”,

Lenguage usage
*Z will try to distinguish the scientific weaning from the everyday

meaning. For instange spontaneous dec: not mean ingtantaneous”.
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Diacuesion.
that the overall reacticn Lls exothermio {option A) im correctly
rafleoctad by 17-20% more ptudents of the phase 2 delayed group as

compared to the other groups.

A Chi sguare test indleated that the yeault 57% corredt, s

significantly better than the 37% correct for phase 1.

Pexrhops thie indicates that the students of the phase 2 delayed
group are aware that an exothermio reaction is one that is indieated
by a tige in temperature and an andothermic reaction by a drop in
temparature.

Identifying an exothermic and an endothermic reactish wap dealt with i
in activity carde % and 4 reepeotively during sessleh 3 and the

coneepts elabsorated further by the course leader.

Optieons B + D + E all foous on pre~heatling. All these attach morxe
luportance to this, than the subseguent esothermic reaction. The
total number of students ln the phase 2 groups whe ahose thaoe
optione deoreased by 16-20%, aeg compared to phase 1, suggesting
thare was a bettar understanding of the purpose of heating the
scdlum. For the phase 2 delwyed group this matehes the ilnerease in
optlon A, {the correct choleam), whereas for the phazss 2 undelayed
group Lt matehas the increase in optlon © (another ingorrect

choice).
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uestion 4.
obyjective: To teot whether students can distingulsh between

axothermlo and endothermle roactions.

ouestion 4

when ¥a is heated in a deflagrating spoon, ani then inperted in a
gas jar of oxygen, thare le a vigoreus reactlon with oxygen
accompanied by the emlseoion of light. The reaction of Wa with

oxygen oan be oonsldered to be

i i opticns i Phase 1 i Fhase 2 /toptlon i
| I % /option iUndalayad Delayed {
i - i"" responte | 0,7 l 14 l 0.2 1
I#A.'exethérmia beaanne enexgy is I I | I
liberated In the form of light.| 37,4 3%l B6.6 i
' n..anduthermic because Na waco l . I '
heated before the reaction
could take plage. 23,2 13 11.5
Hromorfrom + o b
€. |epontanacus becauoe the
I Lraauticn was rapid. 13,4 7.5 15.1
I ;.Inan'spontanenuu hecauae i ' L
i LNa had te ba heated, 11,40 11.8 9.0
I E..catalééed bocause the '
heat zupplied was a
catalyst for the reaction. 14,2 7.2 7.0

v, N . N e N
T T T T T
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By thie term, suddan movement or instantanecus ie alsc lmplied.

About 258% of the students ptill felt that a cpontaneous reaction
talkes place without heating.
this may be reflecting the same basic view, namely that 1t takes

place without delay.

17-20% moxe studente in the phase 2 delayed group, ac compared te
beth the other groups choge the acientifically correct option E,
This indicates perhapn, a bettar prapentation by the teachers, who
participated in the courpe and had moved towards the soletntific view

of the concept spontaneity.

A Chi aguare tept indicated that the 27% correst by the phaco 2
delayad group Lo significantiy better than the 11% by the phasae )
group. The goneept of gpontaneity wago lntepsively and extensivaly
dealt with during sensien 3 of the paak,

The anceuraging ohift in the reoponses of the studenta lndleates
that the actlvity cavda uoad with the toachers during oescion 3 were
halpful o them in moving their studento towardo the ceisntlfic

view,

Tho percentage aorrect response by the gtudents in the phase 2
undelayed group wop comparable to that of phoss 1. It therefors
seara that the teaching of t o concept was not being influenced by

the faoct thnt the teacher was portielpating in the eoursa,
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guestion 3.
objective: To test students perceptlon of the coneept apontaneous

reaction.

Queation 32

A spontanecus reactlen is a reastien that

? é Optione i Phase 1 i Bhase 2/%optlon i
; ; I %/optioni UndalayedL balayed i
i - iNn response l - l JL - l
j A.ialways glves off energy. i 7,4 i 2.9 i 7.0 i
i B.ialwaya abporbs energy. i 2,4 i 4.3 i 4.2 I
j- c.j-takea place without any delail‘. l 58,4 l 66.7 JI 35.4 l
i D.ioccura without heatlng it; i 20,4 . j 18.8 i 24.9 i
i#E.ican oceur, however it could be i i i i
i lfast or alew, I 10,9 I 7.2 { 27.8 i

biscussion.

option (G) wae once again the mogt popular response for all groups.
However about 22-30% fewer students ib the phase 2 delayed group, as
compared to the other groups, chose thls option. Thie indloates

that fewer percelve a epentanecus reaction as ona that takes plaae

without any delay.

Thogse students that atill have a mivunderstanding of the term
gpontanesus are probably still influenced by it’s everyday usaga.

Tha term is probably under.tesd teo Imply that the act is veluntary

or toking place at L1i’s ovm aceord and wlthout external incitemant,
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Discussion.

The percentagé repponses by students remained approximately the same
for all three groups.

A falxly 1ar§e percentage of 4ll three groupr ahose the correoct
optien {B). This answer was an obvlioue choice. snd it la purprising

that not more than 62% chose it.

The gholee of options (A) and (D), totaling about 25% of all three
groupas of students, indlcates a balief that the relative speaed with
which the metals react can be deduced from the reactivity meries,
Cholse & is probably a relatively strong distractor as many students

have peen the yeactiohs eoncernsd.

The pack ewphasizes during sesslen 2 that both kinetie and
thermodynamlec consideratlions are impliedt in the term reactivity.
Howaver the gorrect choloe does not reguiye any distinctlon between
these. Henoe the lack of influence of the pack on the cutoome in

expected.,
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lae

Quastion 2.

meries,

puestion 2

The following stakements are glven below:

Use the acoompanying reactivity series for metale and hence choosa

the most appropriate responaei

To mpeertailn students interpretation of the reavtivity

[ optione .Ehaae 1 | Fhase 2/%option 1
bl &/aptionL Undelayed . Delayed H
i - iNa rapponse i 0,7 i 2.9 i 0.6 i
' A | K reacts Faaster with oxygen I I I 1
It than Na deea. i 15,8 I 13 | 15.0 i
|#8.| The least reactive metal I . | I
1 is Au. 1 65,9 1 65.9 . 62,7 !
. c.l K will veaot with more l I ' I
bl oxyden tharn MNa. 3,7 4.3 2.8
' D.I the reapgtivity serles can I I . '

ha uaad to prediet which

motal would react the
I fagtest with sulphur. 7,3 5.8 9.0
"E.- Hone of the above | | | |

statements ie correct.

6,6 | 8.0 | 9.0
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alde va an alternstive pathway to reach the final destination is

missed.

The same standard 8 textbook3® used by students in both phases of
the investigation transmiis this misconoceptlen. The textbook
etates that "a cetalyst opeeds up the rate of a reagbtion without
participating in the reaotion". A large percentaga of the studenta
in standard elight used this texthook ap a major souroe of
instruction,

The "Undarstanding Reoctlvity" pack dealt only oursaxily with the
eoncept of a eatalyst, Thio oonaept is not formally in the standaxd
8 syllabuz. The continued prevalsuce of miseconcepbions about a
catalyst 1s to be expacted in the aboence of actiwvity scard/s), in

the "pack" attempting to remedy the mleconception,

Teachers indicated that the conogept of a catalyst was not emphasized
in their teaching precisaly bessuaa it 1o not in the ayllabus.

Agalnat thls background the students responses are understandaple.
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Question 1

objective: To test students understanding of the term petalyst.

Guastdon, 1
¥. A oatalyst speeds up the rate of the reaction without taking
part in the reaction.

II. 3 catalyet increases the yield of the preducts in a reaction.
III. A catalyst Initiates a reaction,

Iv. A catalyst increases the rate of the reactien.

Whioh of the above statamenta do you consider te be definitely

appropriate?

# indioates sorrect responsce

i i optiens I Phaoe 1 —u_T Phase 2 /3option i
{ { } % /option I tUndelayed Delayed i
Frmmtha + ' +- +
l— l No respenas 1 - J l - l
in.i 3 l 76,8 L 1 84.0 j
in.j xx l 2,5 | 0.7 | 0.0 l
| c.i zI1 I | t.4 | 0.6 |
j#n l 2v l 7,5 | 7.2 l B.4 l
i sj IIT & IV l o5 | 1001 | 7.0 l
Dimsussion.

The results of this guestion confirmg that there is cause for

concarn.

Approximately 80% of each yroup of the standard 8 students belleved

that & satalyst specds up & reaction without taking part in the

reaction. The ldea of regeneration as the reaction proceeds and

e — e brrrt T et ATt At 4" 1 ot e et s e e e
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Studente were ¢irected to use the following reactivity series in the
quaations unless otherwliae stated. Thie reactivity series has been
taken from a standar. B Physlcal Sclsance taxtbook without any
modification.

Reactivity series for metals

Ba
Ca
Na
Mg
Al
Zn
Fe
Ph
(H)
cu
Hy
Ag

Au

R P T i e
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CHAPYER 7: REACTIVITY QUESTIONNAIRE - ANALYSIS OF RESPONSES

Reaponsos for the multiple choloe gquestions during phase 2 by the
toaching delayed (N=357) and the undelayed (N=1138) groups are
vonsidered. The responsea by the teaching delayed group {N=357) for

the open-anded questions are alse given.

Responses for the multiple~choice questicone made by standard 8
students {N=411) during phase 1 have bsen reproduced for compariaon

purpoess.

7.1 Analysis of response io the reactivity questionnaire

The etandard B8 questilonnaire appears in Appendlx A,

The atandard 8 students were presented with a varlety of

gquestions which aimed to test theilr understanding of reactivity and
related conocepte. In thia sectlon, the rasponses of the students in
this and an earllexr investigation are disgusasd on a

queation-by-guestion hasis.

studente were presented with eight muitiple~choice guestions and two
open~endad guestions., In the former case the responae previously
ldentifled as correct is marked with an #, and the percentage of
students from the respestive groupe selecting each reaponse ls

indisated for sach guestion,
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The means for the schools involved were respectively:
school 2(phase 1} = 23%;

school 2{phase 2; delayed) = 35%

school 4{phase 1) = 19%;

school 4({phase 2; delaysd} = 32%

gchool S{phage 1} = 35%

school S{phase 2; undelayed} = 25%}.

Individual student responses for phase 2?2 groups to the reactivity

guestionnairae, (Appendix J2}

The total mark obtained for the guestionnaire by each student of

phage 2 is givan.

Histograms, (Appendix X2)

- Histogram showing a comparison of standard 8 resulta per question
for phase 1 (teaching undelayed)} with phase 2 (teaching delayed)

on etandard B guestlonnaire.

-~ Higtogram comparing schools that participated in bnth phase 1 and

2.

The responses to the guestionnalrs are dealt with in more detail in

the next chapter.
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Teaching delayed (N=124)}: 21%

Teaching undelsyed, fnew schools; N=84) with teaching delayed, {hew

schools; N=124). (Appendix G2)

A students t~-test shewed that average percentages obtained by the
two categories of students on the questionnaire were not
signlficantly different. One category received delayed teaching of
reactivity and the received undelayed teaching.

Teaching undelayed (N=84): 25%

Teaching delayed (N=124): 21%

Comparizon of different schocls resultes for ='ase 2 on the

reactivity guestionnaire. (Appendix H2)

The performance of the standard & students of phase 2 of sach

of the four schools that delayed the teaching of reactivity

for the standard 8 dguestlionnaire is given. The avaerage performance
at all the zchools was poor. School number 2 and 4 resulta wera
regpectively 35% and 32% . These schools did eignificantly bettaer
than school numbere 3 and 7, the average scores ebtalned being 22%,

and 22% respectively.

Cotparison of schools results that took part in pnase 1 and 2 of

Investigation on the resctivity gquestionnaire. (Appendix I2)

Three of the achools of phase 2 also took part in the

investigations during phase 1. These achools delayed the teaching of

reactivity. Two out of the thres schools did significantly better
during phasa 2 as cowparad te phase 1 whilst one did significantly

worse.

+
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partial suecess. This la not reflevted however in an increase in
th: percentage choosing the correct respense. Rather there was an
inereasa in the por-entage opting for another common

mlagoncaption.

4, There is evidenoce that teachers in the phape 2 undelayed group,
ware influsnced by the course ahd transferred some of this

influence to their studente, as the course proceeded.

In the light of the observationn 1t was decided to make further

aomparlgons of overall outcomes an the following baols:

1, guentlon 1,2 and 6 would be omitted from the analyeia

2. The baot ahower to ¢guestion 7 sheuld be made E.

3., In guestien 8, options A, B and B should all ke regarded ab
appropriste ln order to glve credit to students whe did not

choogs option D.

Alterpotive analysis of ountcome

Alternative comparison of the phase 2 delayed and undelayed groups

on the reasctivity gquestlonnaire, (Appendix L2)

3 students t-test on the overall percentages achieved by the two
phane 2 groupa ahowed the phase 2 delayed group performed
signifioantly ketter than the phase 2 undelayed groups

Phage 2 delayed gqroup - 41%

Phase 2 undelaved group ~ 32%
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7.2 Review and alternative analysis of recponse to the reactivity

queationnaire

Reviewinhg the quectlonnaire on a gueptlen by guestion batlo showd
mixed euteomes from students in relatlon to the intarventlon with
the teachers, To get a fair apaassment of what the lnterventlen

may have achleved o nuwber of ..nexsl points can be made:

1. Soma guestlohs are not ouitable for detegting any influenee of
the courne,
Queotisn 1 dealt with the conotpt of a catalyst and wao not

fermally in the gtandard # oyllabuo.

guestion 2 oould be anowersd corgoctly witheut a proper

underotanding of the reactivity concept.

pueption 6 could not ba ancwared correetly by a student who did

have a propoy undopptanding of tho roactlvity cengapt.

2. The mopt spprepriate responne te certaln guegtieno may not be ag
praviously thought.
In queatien 7, the mont appropriate rooponne in torms of the
understanding the course aimed to develep lo optlon E, rather
than eption @ the optlon previously ldentificd an meot

appropriate,

3. The rosponne to the question hefoye and nftar intervention
indicate partlal improvemont in that sne baoie mioconception
pecme to have been alleviatod. Hewever the gerrect roeopohos wao
ptlll not tade.

In quentien §, the marked decreace in the porgontage helieving

th. & there in .nly one roactivity aarien le &r iadieation of
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bisousaion.
A pimilar peroantage of tho phate 1 greup and the phase 2 delayed

group made the correct gholce E.

4 feirly large percentage of all the groups once again book the
roactivity sorles to be some sort of 4 “rote perdes", Sipoe this lo
already chown in previcus questiens to be a widaly held
mipeonception, it is not unexpected that this ghould happen. Hence
the percentage choooing option D might well be higher if thore were

other, lesn pepular dletzacteyo.

If one conoldero the intendad outcome for this guestien to be a
dearsace in the numbor whe beliave there il only one reaotlvity
pories then tuae perasntage choscing option D by both the phane 2
delayad and undalayed groups wore plonificantly better that the
phage 1 group. Thisc implies on inecresped owarencny that the
roactivity of o oubotonce doponda on the cn-rapctant, Moot of the

inawreane hao weourrad for optlon B.

The pnek, during the latter part of sapdion 1 andl during sesoien 2,
indicated that the order of the vories io depenhdent on the criteria
usted Lo maasure reactivity. The "pack" drawn attontien during the
pra-goorge dioeupplon, in popoion 2 that magnesium reacts faotor
than ealelum with oxygon but salelum peacto fopher than maghnesion
with wuter.

Thare appoars therefore to have boon partia) gsuceesg for the course
dmplled by theoo ouhicomas. It 1o interooting to nete that, aquin thr
phace 3 undalayed grovp sacw aloo to have moved away from sheleo D,

but to a leopar extort,
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Question 8

To determine whather studants take the pesition of the

olements in a reactivity verles to be Ilnvarlant,

tion 8

Which of the following statements abou¥ the metal reactivlity serien

s &

e,

rue¥

o, . e

-+
T

aptlong

vh.

| Phroe 1 | Phace 2/%option

|
% foptlon| Undelayed Delayed

"

wa
3
i -
i,
T

INo response

- ] 0.7 i

R L
T T

1.1

ey

|
!
|
|

o+
T
[

A

e

Eloments high up in the norieo

have o lot of enargy.

10,0 27.5

e

wh
T

B

wh,

Hetals higher up in the sevien
will react Faster with
oolutlona of wetal palte

| than metalo lowor dewn,

37.8
ek

23.2

g ———

¢

Thoge metalo lmmediately abeve
hydrogen will reast with dilute
aelde o produse hydrogen

Fagter than a metal further up.

o,

[+
W

o

Tha order of tho roactivity
soexlos for the metalo pover
thanges lrreopeative of the

mipotancen they reoast with.

o

3

44,3 ao.4 23.8

#B

Hano of the above otatemonta

i eorroest,

17.6

17,1 11.6

e
U

o i e e e e e e e e

F—————  —

+ o 1 i it ot
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of reactivity for the apecific case of the pre-course work waa
diseussed. Rate, éell voltage and snergy measurements ac possible
eritarla with which to compara reactlvity was emphasized during the

dioounolen of the prowcource work in peagion 2.

approximotely 18-20% of all tha groups chope the correct optlon
renlioing that the porien wan net a rote cerleo. Hence the course

peomn te have had no influence in thio regard.

In the ceurnc the pooolbility of different appreaches to m=mapuring
reactivity wan drawn te the toachers' attontlen., If this ocuncept was
taught to thaly ptudonto it would be underotandable if thair

studontd wore not suro that optlons ¢ wao cerroct.

Againot thin buckgtound a plausible correct response would be option
B, &lgnificantly more of the phape 2 delayoed group chooe thio eption
than tho phane ) graup and the phase 2 undelayed groupn ghowed a

edmilag tendonoy.

The totul poreontage choooing optlons ¢ and B (40%) for thip
quoction Lo thon comparable with the approsimatm percentage shoeolng

option B (31%) for guesticn 8.
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'y o . o 'y &+
T

B:|The reaction in test tube (1) } |

will be fagter than that in
test tube (2), because bomine
ip mere reactive than ladina. 45,3 34.8 .8

#C. |the spoed at which the reaction

in the respeotive tast tubas
will take place cannot be
pradicted from the reagtlvity
aeriea. 20,6 18.8 | 19.3

L o+ ks, &b N +
T Y ¥ ¥ T

D. Thé reactioh of chlorine with

botl solutiena will not be
ppontahecun hecauce pe heat
le oupplled, 19,2 15.% 9,5

[ whe. w 'l 3, N
T T T T

® |Nene of the abova btatementa |

ie gorpect. 9,3 | 15.2 | 21.8

ok, s . N} ' W
T T o T T ¥

Disouspden,
18-20% of both the phase 2 groupa correctly indicated that the

rater of ruaction eould not be predicted.

10-13% fower ptudents of bath phama 2 grouprs ap sempared to phape 1
hold the view that a reagtivity cerles ip o oeriesc thatt glveo
Infermation about the ppesd with which the elemsnt will react,

Tha oum of options A and B refiect the ahove agsartion,

Tha reastlon of halog.ne with the halides was given as pra-~course

wark in the "pack®. During session 2 the expert or selentific view

" i
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Quention 7.

ohjective: Interpretation of the halogen reactivity series,

puestion 7

Ghlorine is bubbled at the samo rate through solutions of KI and
K5r, in the reppective test tubes (1) and (2). The aclutions are of
equal goncantration and of egual volume. From tha halagen

reactivity series ylven belew, tha followlng zan ba goneluded:

clyty) Cla{g} Halogan reactivity series
Fa
y N y 2 013
Bry
——m——— et Iy
KBY KIgy |
(L (2}
) I Optiona | Phase 1 i Phass 2/%cption i
! % foption{ Undalaynd Delayed i
i—:-iﬂb regponsea i 1,0 i - i 3.6 i
| A.'Tha reaction in test tube (2] | . i ~-_‘T
will be fasver than that in
tegt tupe (1), bevause chlorine
lo higher up an tha roactivity
sorias from iedine than |
from bremlne, 13,58 15,2 140

$rmmd - + + * +
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for correct optlon D {IV) was leas for phase 2 students than phase
1, whilst both options B and ¥ lncreased in popularity. It may be
that teachers had esxplained that there ls a variety of reactivity
seriens and some are based on relative rates of reaction. Hence thay
would he gorrect ln rejesting D. The given metsl reastlvity setles
{from textbook) Lls not defined; hence one cannot presuma that they
should Xnow it is an electrochemical/equilibrivm-basped one.
Furthermexe the guestion may not have directed them foreibly enough

tu tha given reactivity seriss.

The contrast with @5 is remarkable. Maybe the npeciflc case guoted

in 05 {or very simllar case) wac discussed ih class and eetablished

ab an equilibrium, not a rate comparison. i

In retrospect it appears that the guestlon is in fact unsatiafautary

because it offereg no option to gtudents whe understand that a !

reactivity series may be | .s0d on both rate and egullibrium aspests.
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Question 6.
objective: To ascertaln students interpretation of a reactivity

series.

puestion §
vensider the followlng statemente about the metal reactivity serien.
I. Compounds of metale at the top of the series decomposze more
readily than compounds of metals at the bettom.
IX. A reactivity series is a serles in which the metal reatting the
fagtest 1n placed at the top.
1L, A reactivity serles predicts the relative speeds of reactlon of
metale when reacting with any substance.
IV. A reactivity series gives ne Information as to how fagt a
reaction of a metal would ocour.

which of the above statements would you econsider to be most

appropriate?

it 4 + &
I | optione | Phaee ) | »rhase 2/%option |
i | &/ option | Undelayed Delayed |
| « |Ne rasponaé | o,8 | 6,7 | - |
| &z | 7.8 | 8.0 | 6.4 |
i, ke, wla, . . o
| B.|XE | 23,2 | 23.9 | 33,3 |
s e} —— + — +4
| e.]1,1T & XXI | 34,9 | 39,1 | 33.6 |
Hrmet: + + - 4
|#p. |2V | 23,2 ] 13.8 | 9.8 |
| B.|z2X I | | |
[ ] [ 10,7 | 14.5 | 17.4 }
Discusalon.

This i a general quertion about a reactivity series. The percentage
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Bowever the phase 2 undelayed group also did significantly better.

There was no significant difference hetween the two, phase 2 groups.
the "pack" emphasized In activity card 2, during session 2 that
calorimetrie measurements can be used to measure enthalpy values and
hence draw up a reactivity series. Furthermore attention waa drawn
to the energy that can be given off in these dieplacement type of
raactione and that the anergy liberated can he uszed to rank the
alements in a reactivity series. The better rasults of both the
phase 2 groups may be asoribed to the influence of the contents in

the pack on the teasher’s understanding and/or teaching retheds.

The fact that hoth phase 2 groups exhibited similar changes as
comparéd with the phasa 1 group suggests some transference of ldeaas
may have besn taking place whilst the course was atill in progress.
That is the teachers on the course who were not delaying thelr
teaghing, were correcting thejr own ideas apd hence changing their

teaching on a céntinuing basis,
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+
*

N
+
+
+

B| &ine will react slower than
lead with the copper sulphate

5.8 5.0

golution. 5,1

€| Both metals would react

with the same epead. 17;1 5.1 16

D} Copper will be deposited i
more rapldly in baaker (1)
than in beaker (2) hecause
gine displaces copper ions { i

faster than lead doss. 37,5 17.4 0.2

-+
¥

l.

L
¥
_P—

#E| None of the above

statements is correct. 9,2 a7.0 3l.1

piscussion.

All the options; except the correct one E; lnveked a connection
between reactivity and relative rates of reaction.

63-88% of the phase 2 studants linked thelr response only to rate,

markedly batﬁer than the 91% of the nphase 1 ptudents.

gtudents ahoosing these options may in , - flect the unclear

mannex in which some of the ecurrant staiod, - Laxts are wrltien,

Approximately 22% more of the phase 2 studentu chope the correct

option (E) am compared to phase 1,

A Chl aguare test Indicated that the 31% sorrest of the phase 2

delayed group is sl¢gnificantly better than the 9% of phase 1.

21 M e e A e b et s e
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Queatien 5.
objective: To ascertain students interpretation of a reactivity

garles.

Question 5
Bgual numbers of meles of lsad and zinc are plaged in the same
concentrations of copper sulphate molutiong in reepective beskers.

(see diagram)

2n
" ousog(aq) " cuso, (aq)
(1) (23

The reactions in the respective beakers are given below

1. Zn(e) +  cuBS0y(ag) ot e e > BnE0y(aq) + Cuis)

2. Ph(s) +  CuS04(ad) mmm——————>  BbS0y4 (ag} + Cu(e)

Which of the following statements can be inferred from the

aguompanying metal reactivity serleg?

Options Phase 1 T ‘hase 2/%option
1 %foptiansi Undelayed LDelayed 1
i :i Ne response T 0,5 i 0.7 i 3.4 i
| a| Zdna wili react Ffaster than ] T i 1
lesd with the copper sulphate E %
o aclution. i 30,2 % 34,1 i 29.7 !

e mmeane Ta e . e e e e s
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mable L: Summary of origilnal and alternative analysis of ou.. ae on

the reactlvity questlonnaire - phase 2 teaching delayed and

phasa 1.
Concept: gte | original g's |Altexnotive
or & outeome: outcomes:

[T - - |
cunpEw
1]
copirmo
onpEr«

Misconcep- |opt-| Fhase 2= opt-| Plase 2-

tion ion | Teaching 2 1 |ion | Teaching 2 i
;
| delayed % % Jelayed 3 3
+ * + . + + & : s m moanse ik
catalyst 1o |no change 8.4 |7.5 |1D |no change 8.4|7.5
expected axpacted

o, b e o e R o L [ I Y
T T T T T T ¥ T T

reactivity |2B |no change- (62.7|66 |2P |no change- |62.7|66

sorias no test of ho test of |
rate link rate link
axpacted expocted

spontansous |3E [lmproved 27.5[11 {3E |[improved 27.5111
reaction

exo/etids [4n  [improved 56.6(23% |48 {improved B6.6137
| |
redetivity [+B |impreved  |31.1§9 BE |improved |31.1]9
link ta rolae i ] I
+ e L L T o+ b ++ +
60 [neqative (9.5 |23 |6D |negative 3.5 |23
oubLaria- outicome-
faulty faunlty
gueotlon guest.on
_ t
+ + + + ) + + —
e |ne 19.3[19 |78 |impreved 21.6]9 |
improvement
* + + " + + + o b sk
single BE |ne 17.6]17 |8p" )improved 23.8]44 |
reactivity change |
nerien |

+ L k - i o e e i e o o e

* indigates mora appropriste optlon in the lght of the congeptual

chatige course offcred.
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CHRAYYER @: SUMMARY OF FINDINGS ABOUT THE INFLUENCE OF THE COURSE FOR

TEACHERS ON THE LRARNING BY THEIR STUDENTS

This chopter briefly reviewa the sallent aspectp of the study and

lilusteatas somo spoelflc and general outeomes of phanbe 2.

Tho eourse devalopad for improving teacher undorctanding of

chemizal reactlvity ppanned evar five montha. During thio peried the
contact time with the teachers wac appreximately 10 hours. An
"eunderstanding Reagtivity” pack dealgned accoprding to
gonotructiviat guidelines woa uced to facilitate teacher

undarstanding of reactivity,

Dioscusnions with tha teachera duwing the eouree indloated that the
acurps wbo informative and saguenced meaningfully.

Verbal and wrltten gentributions made by the teashera during the
eourae olgnaled that thoug' had beon given to aspocts that heed to

bo conaldared when toaching the topie,

A gummary of the eriginal and alternative analysis ef outcemea of

respongen to the reactivity guestiemaalio. (Tabloo 1 and 2}

An gunmary of the ardginal and alternotlve analyolio of ootoomen of
the reactivity guectiennaire is contained in table L and 2., Tablo 1
Lllustrateo o sempaxioon betwoen the phape 2 delayed greupp ond tho
phase 1 group.

Table 2 illustraton & ecemparinon betwoen the phace 2 undelayed group
and the phase 1 group.

Ac praviously oxplainod in the altornative analyolo tho mept
approprinte option for queotion 7 wan B and fer guastion 8§ wap b,

{eea tables 1| and 2).
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the 10 % spelentifigally correct reaponsea by the phase 2 delayed
group of ptandard B students can probably be aseribed o thelr

teschers participation in the conceptual change course,

The ecouroe using the “Understanding Reactivity" pavk drew atteption
to the salentific view about reactivity during sessions 1 and 2.
Neither the aoncept reactivity ner the different approaches used to
meapure reactlvity are explained in current sghool physical sclence
textbooks. The ¢laim that the conceptual ghange course may have bean
reopongible, for wmoving teachers and gonsequently thelr ptudentz
towarde glving both kinetie and thermodynamie sohoiderations to the

condapt of reastivity would thersfore seem reasenable,

fr [ ) t
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Comparison of varlous vategories of students during phage 1 and 2

The responses by the standard & students in phase 1 and 2 and the
ptandard 10 ptudente in phase 1 on the conmept reactlvity are

summnariged 1nh the tahle,

Fhase - standard seientifically correct
and explanation

guestioning method

Phage 1 « pid. B None of the gtudento

Interview responded sorrectly

Phape 1 - std., 10

open ended guestien °3

Phape 2 - std. &
teaching dalayed 10%

ocpen ended gueotlon

Phace 2 ~ ptd. 8§

teaching undeluyed 0%

open ended fuootion {
+ £ --u-"'

The aboonos af o celentlfically correct explanation of reastivity
wos ovident amongot standard 8 students that weore interviewed during
phaee 1. Furthermore, nene of tho ptandard 10 ptudento ip phape 1
gave o celentlificolly correct oxplanation of reactivity oven though

they had twe additienal years ¢f formal teaching.
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#t Reactivity is the powar an element has to react with
ancther, It indleates whether an alemant can veact fast ox slew.

Rt When eempounds and substances are placed ih a seriss according
to how they react. The faster they react they are placed at the
top of a series and the aloewsr at the bottem of the neries.

R: A reactivity serles %8s a perles in which elements are plaved

actording to thelr speed .

3. Energy explanations,

Rt fThe element wilth the most energy iz pladed at the top and the
ona with the loaet energy ils at the bottem,

Rt The mopt ehergetia ovbotanoce is followed by a leas energetiec

pubketance.

The reosponses of 138 students whose teashors partleipated in the
course but did not delay the teaching of reastivity have not beesn
guoted, Tha percantags repponges by theoe students for the
eatagorien nmentioned balew are approximately the same as those

of the students taught by thelr teachers who delayed the teaching of
roaotivity., However no solentlifically gorract explanations were
given by theso students for reactivity and reamtivity oerlen. The
decrence in the percentage of polentifically correct explanctions
for reactlivity and reactivity peries was reflected malnly by an
inarease in anthreprmerphie oxplanations and sxplanations linked to

ancrgy and/ar rata respectively.
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students responses to the concept of reactivity series.

1.

R

R

2.

Rt

R1

Ry

Rt

R

Selentifically cortroct.

I¢ is a aerles in which the elemente are placed in an
approximate order. The ordet may change depending on the
substance the slement reacte with,

It iz a sariep in which the elements are placed in an

approximate order.

tircular explanations.

The reastivity series ip arranged so that the most reactlve
suybstance is at the fop and the least resctive pubatance at the
kottom.

Indicates which substances are highly resctdve and which are
not highly reactive.

It is the cordering of elementa according to incressing or
decreasing reactivity,

It le how the wlements 1o listed in the periedic table. From top
ta bottom and left to right

It le a perles , ordering elements according *o increasing or
decreasing activity, |
The serles okviously ranges firom pubstances of high reactivity

to that ¢f low reactivicy

Rate expla: Jona.
The metal that reacta bthe faatest is on top and the metal

that peacts the slowest lp ot the bottom of the neorien.
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Rt

Rt

R:

Ri

R:

Rt

Rt

4.

Ri

Rt
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Rate viewpoint.

Reactivity determines the length of time which the reaction
takesa plaga.

The rate at which metals react. Hew [ast or how slow they form
produgts.

The rate at which a compound or an element would react, How fast
or how ele¢ this would be done. A catalyst would increase the
raactivity.

It probably refers to the abllity of chemicals to reaet quickly
or glowly,

Tha rate at whloh pubgtances react wilth each other, degres of
spontanelty of reactlons.

How fast a metal or chemieal will react with another subatance.
The rate at which the substance will react or whether it is a
gpontansous resatlon or not.

Thia means heow rapidly or vigorously a metal would reaect with
ancther.

Each substance hae a curtain resctivity which meane that some

pubpotances react fasier or more effective than others.

iz oular explanations

Reactivity of a pubstance depends on how reactlve the substance
do. Substantes can react coptinueualy with one another. Alkali
metals are most reactive.

The tertn means low reastlve a oubatance 1o, All alemants in a

reastivity peries react differently.
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Students reaponses to the consept of reactivity

1|

Rt

Ry

R:

R:

Rt

R1
R

Rt

Sedentifically ceorrect.

It is the ability of a substanse to form a product in a chemical
reaction.

The tendency of wesctante to form products.

sSubstances mey or may not have the tendeney to form producte in
a chemical weactlon.

It ieg the abllity nf ane substance to react with ancother
subptance to form a product in a chemical reaction.

It Lo the tendency for reactants to form preducts. It can depend
on speed or the enargy change in a zeaction.

The abllity of an element to react. The reaction can be
spontaneous ox non bpontanecus. Bxothermlie or ende. hermie. Fast
or slow.

The capahllity of an element to react. The reaction can be

gpontanenus or nen spontanaous.

Anthropomorphic explanation,

The reactivity of the reactlon has to do with the power of the
reaction,

Thoe wvigeur with which chemicals combine gives the reactivity.
How wigerously a metal reacts.

Reaotivity refers to how a metal gan combine and how 1t reacts
with other components, IFf bright sparks, loud explosiens and a
lot of wigourous things are happeniig the compenent ls sald to

be very reactive.
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Redotivity Beries

1.

3.

8,

Solentifivally correct explanstion. Approximately 10% of the
students showed an understanding of a reactivity saries similar
to that held by the sclence education community. Approximately

8% of the 10% responmes in this category are fguoted beleow.

Cireular explanations. Approximately 10% of the students gave a
eircular ekplanation of the concept of & reactivity serles. The
term reaativity was used to explaln the cow ipt reactivity
series. Approximately 15% of the 10% roopouses in this category
are quoted belew.

Rata explanation. Approximetely 40% of the students indicated
that the elemento are ordered in terms of the speed with which
they react., Approximately 10% of tha 40% responvec in this
category are quo,ed helow.

Bnergy explanations. hppraximately 10% of the studento Indleatad
that the elementn are ordered in terms of the energy they have.
The more wpergy they bave the higher they are in the ryeactivity
series. Approximately 10% of the 40% reoponsen in thip
category are queoted below.

No response, Approzimately 10% of the same studants whe did not
respond ta the pravious guestion also did net respond te this

guastion.

Student responoss have been liectad using the letter "R". The

responsen are reflscted as they appear on the eriginal

questionnaire. Discuseions of the racporges will follow later.

. .. L . +

e i e g s = o
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The responses to the open ended guastions, by the standard 8
students whose teachers delayed the teaghing of teactivity until
the completlion of the courpe, will first be sonsidered. The
responpes of the students can ba respectively asaigned to the

distinet categorles glven below.

The responses of 357 standard f students to bkoth these gueations

were analysed.

Reactivity

1. Solentifieally correct explenation., about 10 % of students
axprepsed reactivity in a polentifiecally correct way.
Approximately 20% of the 10% responses in this category are
quoted below.

2. dAnthropomerphic sxplanation. Abetut 5% of students axpresped

reactivity in an anthropomorphic way. Approximately 10% of the

5% responses in thils category are guoted balow.
3. Rate explanation. About 40% of the students linked thelr
desexiptions of peactivity to rate. Appraximately 20% of the

40% responses in this category are quoted below.

4. Intelligible but "gireular' explaonitions, Clircular explanations

of the cencept of resctivity wore given by approximately 10% of

the students, Indicating a lack of explahatory power.
Approximately 5% of the 10% teoponges in thie category are

guotad belew.

5., Unintelligible explanations, Approximately 30% of the regponsap

wara unintelligible. Thooe have not beer guoted.
6y Ne respongses. Approximately 5% of the ptudents, did net

respong to this questlon.
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In both cases the phase 2 undelayed group showed somewhat laag

improvement then the delayed group.

Summary of the overall results of the phase ) group compared with
the phase 2 teaching delayed and und layed groups on the reactivity
gquestionnaira, caloulated In the original and elterpative mannpey.

(APPENDIX N2)

Two sets of percentades are given belew. One for a total of B
mltiple~clioice gquestlions and the other for a total of § (exeluding

Ql, Q2 & @6).

1 Basis of | thase 1 . FPhase 2 |
caleculation N=411 K=138 - undelayedi W=357 - delayed |
' . + ¢ i
original (8Q) 24% 25% } 29%
Alternative(5qd) 23% 2% i 41%

7.3 Bnalysis of the open ended guestions

gtandard 8 ntudents were aluo tested on their understanding of the
terms reactivity and reactivity series by meahs of the following
opun~ended gueatians which ware inheluded in the reastivity

guestionnhaire,

%, Explain ln about five linea what you understand by the followlng
termia).,
9.1 Reactlvity

9.2 Reaculvity sarles.
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Alternative comparison of the phase 2 delayed and undelayed groups

with the phase 1 group on the reactivity guestlonnaire, (Appendix M2)

A students t-test on the overall percentages cbtained by thu phase 2
delayed and undelayed groups and the phase 1 group showed that both
phase 2 groups performed significantlv better thah the phase 1
group.

Phase 2 undelayed group ~ 32%

Phape 2 delayed group =~ 41%

Phase J ggoup -~ 23%

ha ragards indlvidusl queations, a chi-sguare test indicates that
for guestione 7 and 8 both the phase 2 delayed and undelayed groups
did slgnificantly better than the phase 1 group. There is a

algnificant diffetretice hetween the phase 2 groupa.

puastion thane 1 / % Phase 2 / &

and optlon undelayad delayed
1B 8.3 15,2 21,6
BD 44.3 0.4 23.¢

Both the groups of phase 2 students appear to show banefit from the
sourse for thelr teachers, Teachers who did not delay the teaching
;5 reactivity appeared to transmit what they were learning during

the gmurae to their students since in some caser thelr teaching was

running parallel ov slightly ahead of the couroe that wap presented.
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- goncaptual changs courses that model the strategles and ldeas
being advanged, for student teachors, on the same or other topiewm,

can be integrated lnto the teasher training curriculum.

= flollow into the alasareoom and test the standazd 8 students,
axposed to the teachers who have gone thxough the conceptual change

couxse, on the rate and equilibnium guestlonnairae,

~ Interview teachens exposed to the conceptual change course, Lo
identify thelr level and sacpe of undowstanding, on peactivity
ralated aspects, tested in the rate and egquillbriuvm guestlonnalze,
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in-sexvice work in toachex training: (ii) for achool based INSET in
one sohool (iil) by a cluster of schools or interested individuals

toacharg from a numbor of schools.

Sehuoll™ has pointed out that an adequate understanding »f solance
oducation must congider the prior and potentilal understanding of
both the learner and the educator since the educator haog bellefs
£hat influunoe his toaching.

The approach adopted in this study ascords with the idess of
Schuell * and may be a model for fundamental improvement in sclence
teaching. The appwoach Involves finding cut teacher’s views about a
poxtioular tople and then dosigning and implementing a conooptual
changa course of in~gexrvice education on this toplo. Systematio
application of this approach aacrons a zaiva of ocoxe toples at
diffaxent levels could result in a permanent and fundamental
improvement in polence teaching.

Strongthenling of teachor compotence and confidenga would also result
in improved motivation with self-ovident consaquencaes for tha

loarnozs Iln thalr olagerooms,
Implications for future rescarch

Furthor zagearech ¢logely rolated to thlg astudy (and perhaps
amanating from this study) that might he condugtod in the future axe
suggegtad:

= in~goxvice courges that medel the stratoglos and ideas being
advanced, on the samoe or othoxr topliag, ¢an be conductod to see 1f
similax £indings axo gonoxaliseablo,
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" In splue of tho avidence £rom this study that primory teachens can
aaquire a botter undoxgtanding of aspocts of foxce and enexgy, the
quogtion remalns of whether this maans they are able £o teach these
palontific concopts mozo offoctlvely to children™,

Thig study doos however provide evidensa of a statistiecal natuxe,
ghowing that the tonchers were moxre offective and that thelx

gtudents benefited.

A oourse doslgnad in o hollstlo mannor attompting tho convoptunl
change of studont teunchers can bo baneficlal 1f it ls struotured
so that during thedr tralning:

~ attention is drawn to the zolavant aspouts of the syllobus;

= related concepts in the syllabug aro linked;

~ pedagoglcal skills to lmpart the newly aceiuired information
conplement the oourse.

Because teachers need both conceptual and pedagogieal knowledge and

skills it is impoztant that both are consldered whon planning

in=gervice or pre-gservice sdupatilon course.

Teachers were not followed into the classroom and whilst acocording
to Millar®® the constructivigt model of loarning dees not imply a
apoglfic model of instruction, the outcomes do suggent that
learners’ in the classroom wers actively engaged by theiw teachars
whe aocguired padagogleal knowledge and skills during the conceptual
¢hange course.

The "Undorstanding Reactivity" pagk Lo flexible and in the hands of

a compatent facillitator or coursg lendar can be used for (i) initial
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CHAPYER 9: CONCLUSIONS

The firat phase of the ressarch made an intensive study of the
vonceptlons of students by using intexviews and gueatlonnaires on
agpacts of rate of reactilon, chemlcal equilibrium and reactivity.
Sources of mlsoconceptiens were ldentifled and a natural sconsaguenoe

was ah attempt t¢ remedy the problems.

This phase investigatad gtudant understandings of reactlvity an area

which is notorious Ffor lts complaxity and subtlety. Unlike

most other studies of thls soxt, however by compardscn of the views
of standaxrd 8 gtudents with these of standard 10 students (as well
with the understanding of teachers), insighiis have been chbtained
into the oxlgins of gstudent conceptions. The correspondence betwean
the standard 8 and standard 10 levels of understanding is
surprising, if not amazing, and implies a very significant message

ko sovlence educaters,

@ second phase of the study attempted to improve teacher
understanding of reactiviby »elated concepts by moans of &
concaptual change oouxrse and alse £o ascextaln Lf the stundents they
taught ultimately benefited. In fact tha students of teachers who
delayed the teaching of reactivity until thoy had ocompleted tha
conceptual change courae did signifleantly better than those

studonts whose toaching was not delayed,

Summaxs and Kenger’s® concluding romarks abeut thelr aonceptual

change oourses for primary teachers may be quoted:
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3, students also again 2ffered olrcular explanations i.a the

word reactive was uzed to explain the term reactivity..

4, A large percentage of studehts gave unintelligible responees.
One wonders if it is a cognition problem ox A language problem

or both that gave rise to the unintelligible respenses.

It muet be acknowledged that there axe weaknessea in this
study in that:
~pre and post testing won abeent and;

-the teuchers ware not followed into the elassroom.

¥evarthelese the popltive lnfluence of the conmeptual change coupse
complemanted by ths "Understanding Reastivity" pack seems alearly

evident from the maby facets of chservatlon and analysin reported

hera.

The standard & gtudents in phasze 2 taught by teachers who did not
delay tholr teaching appeared te alse have beneflted from the
courasa. However the luprovement was to s lesger extent than the

group that received delayed teaching,

It poems reesanablu te aseribe the improvement to more effective

teaching after teschors had participated in the eourse and used tha

*pack”,

i st a2 =
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2.2 During phase 1 when responsas ashout reactivity were
elioited from the interviews, none of the standard &

students had a selentifically correct view of reactivity.

2.3 HKonhe of the standard 10 students during phase 1 showed a
selentifically correct view of reactivity when responding to
the same guestion vn reactivity in the rate and eguilibrium

questionnaire.

General observations

1‘

Many estandard 8 gstudents taught by teachere who had completed
the course ahill seemed to be lookling at the term reactivity
only from a kinetle viewpoint.

However & slgnificantly smaller percentage of aludents held

thig belief than was observed during phase 1.

A tmall but significant peroentage of the standard 8§ students
did not llnk the concept of ramctivity te rate only.

This presumably reflects a better understanding of the uoncept
reactlvity, by the students who received teaching from the

teachers who had completed the course.

Dupding phace 1 of the investigatlen the responses of standard 10
stadentad %o the same opsn~anded guestlen did net give any
consideration 4o the thermodynamic and equilibrium anpoct of
reactivity aven though thoy had twe additional yoarp of formal

teaching.,
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1.2 wTable 2 shows responses for questions 5,7 and B. These
guestioneg were based on the reactivity series and each had
more than one distractor related to rate., The percentages
indieate the percentage of students whs chose responses

invoking a connestiocn of reactivity with relative rates of

reactioh.

Tahla 2

i Question ' phasa 1 | Phase 2 |
i S { !
| | | undalayed belayed |
| B(A+BHCHD) | 90% | 628 | 688 |
T | 598 |  50% [ 47% [
F + ——t + .ty
! 8 (BHC) | 28% | 304 [ 41% |
} I | | [

he much as 62-68% may beliieve in thig link os compared to 90% in
phase 1. Whare othar options are particularly attragtive, the
percentagen of otudents chooalng this link 1o roduesd,

The data in the table 2 indicatens mixed sueeess in teaching the idea

that reactlvity may be judged in torms of eriteria other than rate.

2, Comparinon of reoponses with the open anded queption on

reastivity durlng phase 2.

2.1 A omall but signifieoant percentage {10%), of phane 2
astudante whope teaching wan delayed by thelr teachers until
the completion of the ocourpe, exaxplainod reastivity in q

selentifically vorroct manner.
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%. The overall percentage achieved by the phase 2 undelayed yroup
(32%) was also improved but to a lesser extept when compared to

the overall percentage achle: .d by the phase 1 schools (23%),

Summary of concepts tested, indicating improved teaching of
aelentifilc view,
To summarlse the ouboomes of the alternative analysis the following

tables and epen ended gueptions provide:

1. comparison of the extent to which the selentific view was
expressed by the phane 2 undalayed and deluyed groups of studenta

with the phase L group of studente. {Tables 1 and )

1,1 In highlighting the oaméariaons guestiona 1, 2 and & have
baen excluded for reamons given earller. Table 1 showe this
comparisen in respect of the concepts spentansous reastion,
endothermis/exothermic reaotions and reactivity sexies.

Roaponses are dravn from questione 3,4, 5, 7 and 8.

Table 1

lQuaation i.std. 8 T Phape f T coneept tastéd T
|option I rhase 1 iunaalayedinelayedT %
L N i
isn 1 10 | 7.2 izv,s l spontaneity K
i 4k . i a7 i kL] i ;; i Ex;tharmiu / en;atharmic T
i BB i 8 i 57 i a1 | i Reactivity‘;;riaa bapad 'T
{ i i i i on different approachen {
1 7B i ] ) i 16 j 22 ) i Reastivity peries based T
i i t { i en differant appreoachen i
i 8D l 44 i k{v i 23 j gingle reacgivity perles i
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on a guestlon by questlon basis excluding ¢uestions 1,2 and € the
original analysls shows the phase 2 delayed group did better than
the phase L group, The alternative analysis however indicates a

muah greater benefit from the aourse,

The original and alternative analyais of outcomes where teaching was
not dalayed show mixed results. These teachers did not delay the
teaching of weactivity and, as the course progresaed naem to have
changed partlally the basis of their teachlng. Some topic guestions

suggest a positive inteprvention by the toacher, others do net.

A summary of the everall resulis according te the original and
alternative analysis of outcomes.

The original analysls of the ovérall results indicates:

1. The overall result of the phape 2 echools, with delayed teaching

(29%) le elgnificantly better than that of phuss 1 achools (24%).

2. The overall re 11t of the phase 2 sanhoola, with undelayed
teaching (25%) Lo not sloniflecantly different from that of

phane 1 pchoals (24%).

3. The overall result of the phase 2 schoels, with delayed teaching
(29%)} le aigniflcantly bettar than that of the phame 2 szhools
wilth undelayed teaching (25%).

An alternative analysisc of the outeomes indicatea:

1. The overall peraentage achlevad by the phase 2 delayed group
(41%) nearly deubled when compared te the overall porcentage

achieved by phase 1 achoola (23%).
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Table 1: Summary of original and alternative analysls of outoome on

the reawtivity questionnaire - phase 2 teaching undelayed

and phase 1
toncept 0's | original * | P |Q@'s {Alternative| P B
h | h h h
or & Outcome a a & outoome: a a
B g 1 8
Misconcept- |[opt-| Phase 2- e e |opt-| Phase 2- [ e
tion don | Tmaching 2 1 |ion | Teaching 2 1
undelayed | % % undelayed | % )
catalyat b |no change |7.2 |[7.5 |13 |no change (7.2 |7.5
axpected expected
+ R Ja—— + * - * * et
reactivity ]2B |Ino change- |66 [68 {2B |no charne- |66 (68
serlen to test of ne test of
rate link rate link
expected axpeated
gpontanecus |3E |outcome 7.2 |11 |3E |outoome 7.2 111
reaction negative nagative
+ i " + A s aarp + + Hroam i
exc/endo 4h |no change |39 |37 |4a |improved s [37
reactivity 5E impreved a7 v 58 |improved 7 |9
link to rate
6}  |nagative 14 |23 |6D |negative (14 |23 |
autgome- outoome«
faulty faulty
guestion ¢uention
I I
* + b + + ' , b T
7¢ |no change |19 |18 |7B* joome 15 |9
| improvemant [
* + + + + + *+ + : l
alngle 8B |negative 12 |17 |8p* limprovead |30 |44 |
reactivity outoone |
perien ! | ]
| |
+ . } L - b o b e et e

E ]

change aourpe offered.

indicates more approprlate option in the light of the cunceptual
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CHEMICAL EDUCATION PROJECT

QUESTIONNAIRE ON CERTAIN ASPECTS OF CHEMISTRY

HULTIPLE ~CHOICE QUEBTIONS

BANSWER SHEEY

study each guestion and itp suggested answers indicated with the
lettexs A, B, C, D, and E. When you have decided on the most
appropriate answer,draw a oposs over the corresponding letter an the
answer gheet .

You may make use of the accompanying reactivity series for the
metals, to anaswer some of the gueaticns.

PLEASE HAND IN THR ANSWER SHEET AS WELL AS THE QUESTIONMAIRE
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QUESTION 5

In the following electrochemical cell repreeentaticns ammeters A;
and A, are connected with identical copper wires to the respactive

cells.,

The respective standard cell potentlals are given below.

salt bridge salt bridge

{
[ cbumammrm——
) Pt -
1 by T |
= | {
cu Zn { cu ; I E b
cu?*(aq) #n?*{ag) | cu2*(ag)| Ij Pb2*¢aq) |
1y ' {2y '
(1) cu® 4 3n(s) ~eumaes > gn?t + cu{s) B9 = 1,1
(2) cuP*  + Pb(B) mmwoenud ph2t + ou{s) E® = 0.47 ¥

From those data It oan be congiuded that:

A. %n will ¢o faster into polution than Fb,

B. b will do Fawter into solution than Zn.

Q. The ammeter indicating the larger current cannot be predicted.
D. Higher cell veltage implies highey cell current.

B. Neohe of the above mtatements iz ocorraect.

QUESTION 6

The standard reduction potentiala for the follewing half reactionn
axe given halow.

Talg) + 20 ~mmwwwa—d  2F"(ag) EC & 42.87 V
Clp({g) + 2e mmmm=m=>  201{ag) EO = 41.36 ¥
Bra(g) 4 20 swemww—ou> 3BET{2g) E® = 21,06 V
Ip{g) + 28 memeeen>  21%(09) E? = 40,854 V

The following information car be inferred from the data glven.

A. Fluorine iep the strongest reducing agent,

B. rlu:rine will react Fagter than iedine when reavting with
godium,

€. Iodine Ls the strongest oxldizing agent.

Iy Fluorine ascepts electrons Faster than lodine as il indicated by
fluorine having a larger E® value.

E. NWene of the above statements is correct,



QUESTION 23

The standard cell potentlale for the followlng hypothetical
resctions are glven below:

(1) A+ B swene ma O+ D E? = 41,1 V
{2) B4 F m—emm—— > @+ 4 EY e 0,5 ¥

From these data the following can ba concluded

L. Reaotion 1 1s a ppontaneous reavtion and therefore n faster
reactlion

&I. Reactlion 2 is exothermic,

III. Reaction 1 is slower than reaction 2

IV. Adding & ¢atalyet wan mpeed up the reactien and thus dhange the

E® value of the respective reastions.
V. Hona of the above statements is true,

Choose the ocorrsct statement(s)
A. I1T
B. I & XX
G. IV
. v
E. I
QUESTION 4

Standard cell potsutials for the followlnyg reactions are
given below,

(L) cl; +  Nits) = NiLAF . 201" E® = 41,60V

(i) Bry 2re?* = g2Erm o+ 2Fedt B9 = 40,20 V

From thene datea it can ba conoluded that:

A, Reaction (i) in fapter than reaction (1l} because the E® value

is largetr,

B. Peaction (il) 1s faster than reaction (1) because the E® value

ils amaller.

C. FReaction (i) is faster besausa chlerine is a otronger oxldant
than bromine,

P, Resotion {il) is faster because the concentration of Fe?* lp
twice the econcentration of Wi,

E. The faster of the two reactions cannot he predicted.



HULTIPLE-CHOLCE QUESTIONS

QUESTYIONS

QUESTION 1

The balanced chemical equation for the reasction betwsen hydrogen and
nitrle oxide is

24, % 2NO ewmend> 2Hp0  + Ny

eciven this asguation decide how the rate of the reaction is
influenced by doubling the consentration of NOi

A. the rata of the reaction would ke doubled,

B, the rate of the reaction would ba four times greater.

€, the rate of the reaction would be halved.

D. there would bs nu affect on the rate of reastion,

. the Influence on the rate cannot be predicted from the balanced
chenioal equation alcne.

QUESTION 2

The chemloal eguations glven belew reprssent twe hypothetical
reactions.

n * B s 2tk e C! + D A H L J\'-I.T (1]

1) + E el ¥ + G AH=+y k! (2)

If the twe reavtlons oocur at the same temporature which one of the
folliowing ptatementy le correct?

I. Reactlon 1 ccaurs rapidly,

IX. Reaction 2 occours slowly.

IIX. Reactlon 1 is always faster thah reaction 2,

IV. Reac.ion 2 nay be fapnver than reaction 1.

V. Reaction (1} lc spontaneous and resctioh (2) iz non spontanecur,

Choooe the coryvect statoment(n)

A. III

B. I,X%, Vv
G IV

D. ¥

E. 1



CHEMXCAT, EDUCATION PROJECT

QUESTLIONNALRE

PRELIMINARY REMARKS

the purpose of this gquestlonnaire ls to determine the views of
pupllo partaining to cartaln fundamental econcepts related to
understanding of certaln aspects of chamistry.

This questionhnaire should take approximately 30 minntes to campleta.
Conalder the optlione carefully and take note of the wetda printed in
dtatics.

Thauk you for your co=operation. I will provide polutlens to the
quegtionnalre. I trugt that yeur participation will slavify any
alternative concepts that yeu may have and consaguently makea your
laarning proceas moxe meaningful,



Appendix R)

g% GRADE

i e B it e e e i

| I |
E | E |

FO—— I N—
CHEMICAY, ROUCATION PROJEC
ASPBCTS OF RATES OF REACTION AND CHEMICAL EQUILIERTUM
QUESTIONHATRE
MULTIPLE -CHOICE QUESTIONS

ANSWER SHEET

gtudy each question and lte suagested answere indicated with the
letters A, B, C, D, and E. When you have decided on the moat
appropriate snswer,diaw a oross over the corresponding letter on the
answar sheet

fueetions 1- 7 are multiple choice quastions

Queptions B8 ls an open ended question., (Spaze has been provided to
answar thils guastion).

PLEASE HAND IN THE ANSWER SHEBET AS WHLL AS YHE QUESTIUNNATRE
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QUESTION 7.

Chlorine is bubbled at the same rate through solutilones of KI and

Kby, in the respective test tubes (1) and (2)., Phe molutions are of

equal concentrations and of egual volume. From the halogen
reactivity serles glven below, the followlng can bes conéluded:

Cla{g) ¢la(g} Halogen reactivity series
¥
¢~ - r 2
a ¢l,
Bl
e e o b b Iz
RBray | RIag |

(1) {2)

A, The reaction in teat tubs (2) will be fastey than that Iln teot
tube {1}, hooaupe chlerine io higher up In the reactivity sceries
from icdine than from bromine.

8. The reaction in tesgt tube (1} will be faster than that in test
tube (2}, begause bromine is more reaotiva than lodine,

C. The apaed at whloch the reactien in the raepective tept tuben will
take pldce catnot be predicted from the reactivity sexies

D. The reaction of ghlorine with both pelutions will not be
spontanecus heoauss no heat is supplied.

. None of the above statements is eorrect.

QUBESTION 8

Which of the follewlng statemente abeut the metal reasotlvity cerles
is true.

A, Elements hlgh up in the series have a lot of snergy.

B. Metals higher up in the seriss will reaot Ffaster with solutions
of metal salte than metals lower down.

C. Thope metals immadiately above hydrogen wil) react with dilute
aclds to produce hydregen Ffaster than a metal further up,

0. The order of the reactivity serles for the metals never changen
irrecpective ¢f the suboctances they zeact with,

E, None of the above statementa Lo correot,



QUESTION 7.

Chlorine is bubhled at the same rate through asclutions of KI and
KBr, in the respective test tub=s (1) and (2). The solutions are of
agqual concentrations and of equal volume. From the halegen
reactivity series given baelow, the following ean be eoncluded:

cly{g) cla(g) Halogen reactlvity series
. Fy
N f b cl 2
Br ]
KBryg KLy |

(1) {2)

A. The reaction in test tuhe (2) will he faster than that in test
tuba {1}, becesuss ghlorine is highet up in the reactivity segles
from icdina than from bromine.

B, The reactlon in test tube (1) will ba faster than that in test
tuba {2), because bromina iz more reagtive than lodine.

C. The speed at which the reactlon in the respective test tubes will
taks place cannot be predicted f£rom the reactivity serles

D, The yeaction of chlorine with both selutiens will not be
spontancous because no feat Lo supplied.

E. Nons of the ahove statements is correct.

QUESTION 8

Which of the following statements about the metal reactivity asries
is true.

A, Elements ligh up in the series have a lot of ensrgy.

B. Metals higher up ir the seriss willl reast faster with selutiocns
of metal salts than metals lower down.

€. Those metals lmmediataly above hydrogen will react with dilute
golds 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.

2, None of the above statementa is correct.



QUESTION 5.

Bynal number of moles of lead and zinc are placed in the rame
concentrations of copper sulphate solutiens In respectlve heakers.
{see dlagram)

T

Cus0y (ad) l

y (2)
Tha reactions in the respective beakers are glven below
1. %n(s) +  CuS0y{ag) mmem———— > EnSOy(aqg) + cuis)
2. obis) 4+ Cusoy{aq) mmm——- -—=>  PhS50,(aq) + eu(s)

Which of the following statements can be inferred from the
accompanying metal reactivity sexies:

B. Zinc will react faster than lead with the nopper sulphate
solution.

B. 8inc will react siower than lead with the copper sulphate
solukion.

€. Buth metals would react with the same spead.

D. Jopper will be deposited more rapidly in beaker (1) than in
beaker (2} bevausoe zine displaces copper lone faster than leed
doag. .

E. None of the above shatements lz correct,

QUESTION 6.
Consider the following statements about the metal reactivity sexies.

I. Compounds of metals at the top of the series decompose more
readily than compounds of metals at the bottom,
¥, A reactivity series 1s a series in which the metal reacting the
fastest le plaved at the top.
LIL. A reactivity serles predlcte the relative speeds of reactlon of
metals when reacting wlth any substance.
IV, A reactivity seriss glves no Informaticn as to ‘low fast a
reaction of a metal weuld occour,

Which of the following statement would you consider to ba most
appropriate

n. I

B, II

8. I,II & III
D, IV

E. IIX



MULTIPLE~CBOICE QUESTIOMS
QUESTION 1
The following statements are given below:

I. A catalyst epeeds up the rate of the reaction without taking
part in the reaction.

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

III. A catalyst Initlates a reaction.

IV. b zatalyst increases the rate of the reaction.

Which of the following statements do you conelder to be definitely
appropriate.

A, I

R. IIL

c L] III

o) v

2 TIIX & IV

QUESTION 2.

Use the accompanylng reactivity series for metals and hence chaose
the mosé approprlate responsea:

A. K reacte faster with axygen than Ra does.

B, The least reactive metal is an.

€. K wlll react with more oxygen than Na.

D. tha reaotivity series can be used to predict which metal
would react the fastest with sulphur,

2. MNone of the above statements is correct,

QUESTION 3.
A gpontaneous reactien im a reaction that

A. always glves off energy.

B. alwaye abesorbs energy.

G. takes place without any delay.

D. ocoours without heatilng it.

#. oan oceuy, however it could be fast or slow.

QUESTION 4.

When ¥a is heated in a deflagrating spoon and then inserted in a
gas Jar of oxygen there is a vigorous reaction with oxygen
acoonpanled by the emission of light. The reactien of Na with
oxygen wah be considered to be

A. excthermic because energy is liberated in the form of light.

B. endothermle because Na was heated before the reactlon gould take
place.

¢. spontaneoua becauss the reactlon was rapld.

D, non spertaneous bacause Na had to be heated.

E. catalysed because the hest supplied was o catalyst for the
rascetion.



CHEMICAL EDUCATION BROJECT

Quesgtionnaire

PRELIMINARY REMARFS

The purpose of this guesticnnaire ie to determine the views of
puplle pertaining to certain fundamental concepts related to
understanding of certaln aspects of chemistry.

This questionnaire should take approximately 30 minutes to complete.
Conslder the options carefully and take note of the words printed in
italica,

Thank you for your co-~aperation. I will provide solutions to the
guestionnaire. I trust that your participation will clarify any

alternative ooncepts thet you may have and conseguently make your
learning provess mure meaningful.



REACTIVITY SERIES FOR HETALS

Ba
ca
Na
Mg
Al
an
Fe
rb
(8}
tu
Hg
Ag

Au




Chi-Scuare Tabt
8td B & 10 responses per guestion to Std B guestionnaire

Table of Std by McgB7

8td Maa®?
Fraquenay
Parcent
Row Pt
Col Poct o] 1| ‘“Total
] az7 B4 | 411
50.62 13.00 | 8&3,a82
78,56 20,44 |
62.84 66,67 |
10 193 42 | 2318
29.86 6.56 | 36,28
82.13 17.87 |
a7.lz2 33.33 |
Total 2o 128 648

80,50 19.50 100,00

statlstios for table of std by MsqB7

Statistic DF Vvalue Frob

Chiﬂsqu&re 1 ¢.827 0.429

Likeliheod Ratloe Chi-Sguare 1 0.633 0,426

continuity ady. chi-square 1 0.474 0.40]

Mantal-Haenszal chi-Square 1 0.626 0,429

Fisher's Bxact Test (Left) 0,247
{Right) 0.814
{2=-Tall) 0.471

Phi toefficlant =0.031

contingeney Coefficient 0.031

Cramer’a V -0.031

Bample 8lze = 646



chi~Sguare Taest
gtd 8 & 10 xesponses per question 4o 8td 8 guestionnalre

t ablae of 5td by HuogBE

std MegBé

Froguency

Percent

Row Pet

Col Pot | 1} fTetal
8 316 o8 411

48.92 14,171 63.62
76,69 23.11
gz2.08 69.34

10 1&3 42 238
29.88 €.50 36,38
82.13 17.97
37,92 a0.66

s, . vh
T ¥ ¥

Total 509 137 644
78.79 21.21  100.00

gcatlptlen for table of std by HugBé

statiotic bOF Valua Prob

Chi-gquare 1 2.459 0.117

Likelihood Ratlo tial-8qguare H 2.508 £.113

Gentinuity Adj, Chi-fguare i 2.185 0.142

Mantel~Haenogel Chil-fquane i 2.455 0,137

Fichar's Exact Tent (Left) 0.070
(Right) 0.953
{2-Tail) 0.133

Phi coefficient =0 ,062

Contingoncy Cosffieiont g.062

Cramex'n V =0.062

Sample Size = 646



Chi-Sgquare Tept
ftd & & 10 rasponses per questlon to Std 8 guestionnaire

Table of Std by Mogs

td Mogss
Fredquency
Peroent
Row Peot
Col Pot 0| 1| ‘total
B 373 38 411
570?4 5:53 53062

80.78 9.28
64.53 55,88

10 208 30 238
31.73 4.64 a§.38
87.23 12.17
35,47 44.12

, o h wh
T T T

Tatal 578 68 646
89.47 16.53 100,00

gtatlotice for tabls of $td by Megh

Btatlptie DF Value Prok
¢hi~gquare 1 1,967 ¢.161
Likelihood Ratie Chi-fSquars 1 1,924 0.16¢
Continuity Adj. chi-Sguare 1 1.61% 0.204
Mantel~Basnszel Chi-Square 1 1.964 0.161
Fleher‘s Exact Teot (Left) G.93¢8
: (Right) 6,103
{2-Tail) .18%

Phi copfflolont 0.055

Contingenay Coafficiont 0,055

Cramar‘s V 0.085

Sampls 8lze = 646



chi~Bgnare Tapt
Etd 8 & 10 responsec per question to Std 8 quentlonnaire

Table of 8td by Mogdd

std Heasd

Freguaency

Parcant

Row Pot

ol Pot 0] 1] Total
8 258 153 111

39,94 23,68 63.62
62.77 37.23
64.66 61.54

1o l4al 84 235
21.83 14.55 36.38
60.00 40.00
35,34 38,06

Total 399 247 €44
§1.76 ag.a4  100.00

statisticn for table of std hy Megsd

statistis DF Value Proh

chi~Square b 0.487 0.488

Likelihood Ratle Ghi-Bguare 1 6.486 0,486

Continuity Adj. Chi-Bguare 1 ¢.377 2,538

Mantal-Hacnnzel thi-Sguare 1 0.486 0,488

Flpheric Exact Test (Laft) 0.783
{Right} 0.264
{2-Tail) 0.502

Phi Ceofficlent 0.027

fontiagenay Coefficlont 0.027

Cramor‘s V 0.027

Bomple Slzo = G468



Chi-Bguare Teot
gtd 8 & 10 remponvas per question to std § questiennalre

Table of Btd by Mogha

Btd Mgl
Fraguency
Paraent
Row Pot
cal rab 0| 1l ‘Potal
8 366 | 45 41t
56,66 6,97 63.62

g9.05 10.95 |
62.35 76.27

10 221 14 238
M2 2.7 36.38
94.04 5,36
37.68 23.712

w i b & s
Totol 587 59 646
90.87 9,13 100.00

gtatiotiss for table of Btd by Mogs3

Btatintie oy Valua Prok
¢hi-8Sgquore 1 4,498 0.024
Llkelihood Ratie chi-Bguare 1 4,074 0,020
Contlnuity Adj, Chi-Bquare 1 3.:17 0,048
Mantel-Haonbzal, Cni-Syuare 1 4.482 0.034
Mlohor's Bract Taot (Left) 0.022
(Right} 0,880
{2~Tail} 0.034
Phi Ceofficlont ~0,083
Contingonoy Cocfficlent 0.083
Cromai’'n V =0,.083

Bample size u 646



Chi-Seguare Test
gtd 8 & 10 responaes per gquacstlen te Std B guestiohhaire

mable of &td by MogB2

std Megs2

Frequengy

Percant

Row Pet

col Pet ol 1| Total
' p 141 270 411

21.83 41.80 §3.62
34,31 65.69
58.51 66.67

190 100 135 435
15,48 20,80 36.38
42,85 B7.45
4).49 33.33

rotal 241 408 648
37.31  62.69  100.00

gtatlatiss for table of Std by Mogst

Statigtie DF Yalue Prob

Chi=Square 1 4.347 0.037

Likelihood Ratle chi-Sqguare 1 4.320 0.038

Sontinuity Adj. ChlwsSquarae 1 4.002 0.048

Mantel-Haenozel Chi-Bquars 1 4,341 0.037

Figlier’s BExast Test (Left) 0.023
{Right) ¢.988
{2-Tail) 0.042

Phi ¢oefficieont «0,082

contingensy Coeffleient 0.082

Gramexr!ip ¥ -0.082

pample Size = 646

© i e it i



ADPENDIX D1

COMPARISON OF ''HE STANDARD 8 BND 10 RESULTS ON THE STANDARD 8
REACTIVITY QUESTIONNAIRE

chi<oquared tept
gtd B & 10 reaponpes per guestion to Std € guestionnaire

Tahle of gtd by Magsl

std MogBl
Fraguency
Parcent
Row Pot
cel Pat 0| 1| Total
8 3840 31 411
- 58,82 4.80 63.62
92,486 7.54
63,44 65.96
10 219 16 235
33.%0 2.48 36.38
93,19 6.6l
36,586 34.04
Total 599 47 646
92,72 7.48 100.00

Btatistlen for table of 5td by MCQB1

statletic DF Value Prob

Chi=Sguare 1 0,119 0,730

Likeliheod Ratle Chl-square 1 0,120 0.729

Continnity Adj. chi-sSguaxe 1 0.038 0.851

Mantel-Haenszel Chi-Square 1 0.319 ¢.730

Fisharts Extot Test (Left) 0.430
(Right) 0.689
{2~Tall) 0.875

Bhi Ceefficlont -0.034

Contingengy Coefficient 0.014

Oramer's V ~0.014

Bample &lze = 646
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2.5.2.2 Halogeng.
The reaction of iledine with sodium and/or aluminium and with
zine (demonstratlions).
Reactions of the halide ions (except F°) with halogens
except(F,). The relative reactivity of the halogens . The
colours of solutions of the halogena (except F,) in
chloroform, CB,, Xylene etc.

Mlnimum Practical Work : Physiocal Science Higher Grade

T implies to be done by the teacher,
P implies to be done by the pupil.

standaxd B
Alm of Experiment Type

25.Inveatigate the burning of lithium, sodium, potasaium
calelum, megnesium ,iron and oopper in oxygen and
the propextles of the produocts. T

26.Investligate the thermal decomposltion of
aopper (1) oxide, magneaium(Il) oxide, lead(IV) oxide
and meroury!ll) ocxide. k'

27,Investigate the reaction of sodium, potassium, calcium and
magnesium and copper with watar. T

28 Iovestigate the reaction if any, af each of the metalu:
iren, zine, magnesium and copper with solutiens of salta
of each of these muetals had hence arrange them in an
aotivity series. b

29,Inveatlgate the burning of carhbon, phoophorus and eulphar
in oxygen and the properties of thelr products. T

30.Investigate the reactlona of lodine with sodium, aluminium
and zinc. T

3l.Investigate the reactlons of:

31.1 solutions of sodivm bromide and sodium iodide with

chlorine water. B/T
31.2 selutione of sodium iodide with bromine water

and hence arrange these halogenc in oxdexr of

reacgivity



Appendix €1

8Syllabus standard B.

205

2'5'
2.5.

2.5.

2.5.

2,5.

.2.51

chemical Reactions Of certain metals.

palanced equations muet be written for all chemical equations
which are atudied, Balancing is done by counting atoms on both
gldes of the artow.

Attention sheuld be drawn to the fact that some reactlons take
place spontaneously and others de not.

Where neceseary when esestiong 2.5.1 snd 2.5,2 (cham’ cal
feactione) are dealt with, a brief reference can be mada to the
periodlo table without going into too much theoty (ekample
alectron structure)

1 FReaction of metals

1.1 Reactiona with oxygen
Burning of iilthium, sodium, potassium, calcium, magneslum,
lron and copper in oxygen
The influence of solutlionz of metal oxide on an ilhdicator
{example litmus or bromothymol blue)
Heating of copper(Il) oxide, magnesium oxids, lead(IV)
oxide, mercury({ll) oxide (the latter by demonetration
only using a fume cupboard)
Observation eof those giving off oxygen and haw readily it
is raleared

1.2 Reactions with water
Reactions of, sodlum, potasslum, calolum, magnesium, i
iron, copper with water, noting the rate at which these '
alements release hydrogen.

Arrangement of the metals Iln a rough activity serles

trom the evidence collected. Attention should be drawn te
the simlilarities of properties of group I metals (alkall
metalsa)

1,3 Reactlons wlth selutions of metal gsalts.
the addition of each of the metale lrxou, zing, magnesium
and copper te solutions of malts of each of these metals
and arrangement in an activity sexies,

In some ¢ages an lnocrease in temperature ie detsctable.This
indivates a releape of gnargy.

2 Reactlon of non matals

2.1 carbon, phospherus and sulphor
The reaction ¢f each with oxygen only.The acldity of agueous
solutions of the oxides le noted.using an indicator.(e.g.
bromothymol blue)
Carbonle acid and sulphurous acids as selutiens of cop angd
80, reampectively.
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QUESTIOR 7

In the equilibrium reactilon represented by the following equation

iy 4 Ny ==== 2NH L\ H = -92kT
2 2 3

increasing the temperature of the system:

AQ
B.
c.
Dl

B.

Inoreapes the rate of the forward teactiou

Increases the rate of the reverse reaction ...,

Inoreases the rate of both the forward ant = < . reactions.
Decreasas the rate of the reverse reaction z.ic. tha reversa
reaction ie endothermic.

Has no effect on the rates of either the forward or the reverss
reaction.

Explain in about filve lines what you understand by the following
term{s).

8.1 Reactivity

8.2 Reactivity saries



All Scheols: &td &

Question 6
Answet Fraguency  Percent
1 L]
A 31 7h
B 85 23.2
¢ 143 4.3
*D 95 23.2
E 44 10.4
X 2 0.5
Question 7
hnawey Praguency  Percent
3 L]
A 58 13.5
B 185 45.3
*Q 84 20,6
b 12 10.3
E as 9.3
X 4 1.0
Queation 8
Angwar Fregquency  Percent
2 »
A 41 10.0
-] 92 2z2.5
c 25 6.1
D lal 44.3
*B KL 17.1

gtd, B gueaticonnaire
gtd 8'a rvaponses pur oohool.

School: Sahool no,.l, Std 8
guastion 1

Anaver Fraguenay  Pergent

A 106 83.5
s 3 2.4
*D 5 7.1
E 9 7.1



gtd., 8 guestionnalre

std B'a responses all schools.

Quegtion 1
Anpwet Fragquenvy  Porgent
A 324 78.8
B & 1.5
o] 11 2.7
L] a1 7.5
B 39 9,5
Quostion 2
Answer Fraquency  Percant
1 .
A &5 15,8
wB 270 65.9
o 15 3.7
o) af 1.3
B a7 6.6
X 3 4.7
puestion 3
Anavaxr Frequency  Porsont
A 32 7.8
B 1o 2.4
c 240 58.4
D 84 20.4
*i 45 10.5
Quagtlon 4
Answex Freguency  Percant
b
*A 153 37.4
B 8g 23.2
L 55 13.4
D L 11.0
E 58 14.2
X 3 0.7
Question 5
Anower Fraguenocy  Peroent
A 124 30.2
B 21 8.1
o 72 17.5
D 154 37.8
wE as 9.2
X 2 0.5



COMPARISON OF DIFFERENT SCHOOL RESULTS FOR S70D B REACTIVITY
QUESTIONNALRE. STD 8 AND 5TD 10 STUDENTS

Ganeral Linear Models Procaedura
T tepts (RSD) for varlak . : Totelght

NOTE: Thip test centrsals the type T eomparisonwise errer rate not
tha exporimsntwise error rate.

Alphae 0,058 cunfidence= 0.%5 df= 640 MSE= 1.391754
Critical Value of T= 1,962E68

Comparisons signlfloant at the 0.05 level are indlsgted by *fhwks,

Lower Difference Upper
School Confidansa Between Confidence
Comparleon Limit Means Timit
Sohool no.5 ~ Scliool no.2 d.2210 0.4596 D.77482 e
Sﬁhanl nﬁbs - achﬂol nOtl 003059 0#5848 0.8538 LA
Sehool ne.5 - Scheol no.d 0.2357 0.8636 1.0815 LA
gcheol n%.% - Sehool no.d D.4G64 00,7296 1.0828 ek
School 1io.5 - School no.d 3.6780 1.0329 1.3%07 L4
8chool ne.Z - schosl no.b  =0.7782 ~0.4086 wf) 2210  kww
Sehool no.2 - gchosl ho.l  ~0,L1687 0.0852 0.338)
Bohool no,2 - Suhosl ne.6  -0,2480 0.1640 0.5%60
gchool no.2 - Balicol no.d =0,0719 0.2299 0.5318
Schonl no,2 -« Bchool ne.3 0.3945 0.5332 0.8718  wxx
gchool ne.l - Scheal ne.5  -0,B638 ~0.5848 -0, 3059 LA
Sohoal na.l =~ School no.2 -0,3391 -0,0882 0.1687
School no,l = Scheol no.6  «D.3335 0,0788 0.4910
gehool nw.l -~ Sehool no.4  «0,1875 0.1447 0.4469
Behool no.)l - Schoel n:.3 0.1000 0.4480 0.,7670  www

sohosl no6 « Schoaol no.5  ~1.0418 -0.6636 02357 kv
Bchool ne.é - Bohosl no.2 ~0.5760 ~0,1640 0.2480

. 8chool no.6 - Schaol no.l  =0.4910 =0.0788 D.3335
Bochool no,.6 - School no.4  =-0,3774 0.065¢% 0.5093
Bchosl ne.6 - Sshool no.d  «0.1040 0.3602 0.8385
8chool no.4 - School no.5  ~1.0528 -0,7206 =0.,4064  wwx
Schooul ne.4 - Sohool ne,2 ~0.5318 «N,2209 0.0719
School fio.4 «~ School he.)l  ~0.4465 =0.1447 0.1575
School no.d -~ Sohaal no.6 ~0.5093 ~0.0659 0.3774
8chool no.4 « Behool ne.3 -0,0729 0,3033 Q.6795

Schoal ne.5  «1,3907 ~A.0328 «0,6750  fww
Sachos) ne.2 -0.8719 -0.5332 =0, 3045 www
Scheel ne,l -Q,7870 =0, 4480 «0,1080 e
8ahool no.6 ~{J,83A5 «0,3692 0.1000
Sohoel ne.d -0,6795 «0.,3033 0.0%725

fcheol no.3
School ne.d
8chool no.3
Bohool no. 3
8chuel no.3



COMPARLSON OF DIFFERENT SCHOOL RESULTS FOR STD B REACTIVITY
QUESTIONNAIRE-STD 8 AND 5TD 10 STUDENTS

General Linear Models Provedure
Claga Lavel Information

Clans Levale values
scheool [ school ns.5 School non.d Sabool ne.2 School ne.d
Baheol no.l School no.é
Kumber of observations in data set = 646
COMPARISON OF DIFFERENT School RESULTS FOR STD 8§ QUESTIONNAIRE
87D 8 AND 8TP 10 STUDENTS
Ganeral Linear Models Procedure

bependant Variable: TOTEIGHT

aam of Mean
Sourne DF Sguarea 8quare F Value Pr > F
Modal s 54.546619 10.902324 7.84 0.0001
Breoy 640 B890.722731 1.3981754

Corrected Tobal 645 945.269350

R=8quare .V, Root MEE Tatelght Mean

0,057705 64.47574 1.1797 1.8297
Bource bR Typas % 88 Mean Square F Value br > ¥
Schael 5 B4.546819 10.%09324 7.64 0.,0001
Source DF Type IXI 5& Mean &quare F Value br > ¥

Schosl ) 54.546619 10,900324 7,84 0.000)

s . ) ¥



COMPARIECN OF DIFFERENT SCHOOL RESULTS FOR STD 8 QUESTIONNALRE
REACTIVITY - ONLY STD 8 STUDENTS

General Lineay Modele Procedura
T tests (LSD) for variable: Toteight

NoTE: This test controls the type I comparisonwlse exror rate not
the experimentwise error rate.

Alpha= 0,05 cConfidence= (.55 df= 405 MSBE= 1.321851
Critical value of To 1,96584

comparipons significant at the 0.05 lavel are indicated by ‘féwwr,

Lowex biffarence Upper
School confldence Betwean Confldence
comparison Timit Meaans Linit
school ne.5 - Bghool no,l 0.6208 g6.9514 1.2819 ok
Bﬂhﬂal nO.S - Schaal 0o, 2 0:6247 019616 1.2984 LES
sg¢hool no.b -~ School no.6  0.3258 0.,9846 1.6433 L
Behool no.5 - 8chool no.d 0.B305 1.2494 1.6663 ¥
Schoo) no.5 ~ 8ghosl no,3 0.9638 1.4369 1.8101 kW
school no.l -~ Seghool no.5 =1.2819 -0.9614 01,6208 LA
schoold no.l - Behosl ne.2 -0,2807 0.0102 0.3011
Bwhoel no.l - Echool no.6 <0.6033 0.0332 0.6697
8School no.l - Schosl no.4 «0.0B49 0.2981 e.6810
School no.l - School na,3 0.0439 G.ABSE 0.8272 LA A
School no.2 = Sohool ne.b  -1.2984 -0.9616 ={0,6247 wkk
8chonl no.2 ~ Sohool ne.l -0,301L ~0,0102 0,2807
gchool no.2 -~ Hehool ne.6 ~0.6168 0.0230 v.6628
gchonl po.2 = School no.d  =0.1008 0.2878% 0.676%
School ne.2 -~ 8chool no. 3 0.0290 0.4754 0.9217 LA
Suhoel no.6 = Schnol na.B% <1.8433 ~0.9848 =03R5E  Eaw
school no.6 - Behool na.l  -0.6697 ~0.0332 0.6033
Sohool ne.6 - School ne.2  «0.6628 =.0230 0.61680
School no.6 - School no.4  =0.4217 0,2649 0.9514
School no.6 - Sehool ne,d «0,3685 0.4524 1,1733
school no.d = School no,B  «1,6683 »].2494 ~0.8305  *wr
gchool no,d - 8Scheol no.l  -0.681D ~0.2981 0.08B49
Sohovl ne.4 ~ School nn.2 -0,2763 ~0,2879 0.1008
5Schooc) no.4 - School no.§ ~0.9514 «0.2649 0.4217
School no.4 - Bchool ne.d3 =0,3236 0,1875 0.6988
School nu,d « Sahopl no,B  -1.08103 -] 4369 ~0,9B38  *wx
School no.3 - Secheol no. i =(.9272 -0 4856 -0,043% *rw
gchoeol no,3 =~ School ne.2  ~0.9217 -0, 754 =0,0280  *¥s
School ne.3 - School no.6  ~-1,1733 ~0,.4524 0,2685
gchool no,3 ~ Schosl nod  -0,6986 ~0,1875 Q.3546



COMPARTSON OF DIFFERENT SCHOOL RESULTE FOR STD B8 QUESTIONNAIRE
REACTIVITY - ONLY STD 8 STUDENTS

General Linear Models Procedure
T tests {L$D) for variable: Totelght

NOTE: This test contrels the type I comparisonwise error rate not
the experimentwise error rate.

Alpha= 0,05 confidence= 0.85 dim 405 MSE= 1.32155%
gritical value of T= 1.96584

comparicons sdgnificant at the 0.05 lavel are indiaated by /#+t?,

Lowey Difference Upper
School canfldence Between confidence
Comparleon Limit Meane Limit
Bechool no.5 - School po.l 0,6208 0,854 1.2819 rk
gchool no.5 - School no.2  0.6247 0.8616 1.29B4  »wk
School no.5 - School no.6 0.3258 0.9846 1.6433 L
school no.5 - School na,d 0.8305 1.24%94 1.6683 e
School ne.5 = gchool we.3  0.9638 1.4369 1.9101 ke
Sohool ho.l - Scheel ne.5 ~1,281% -0,4514 «0.6208  Hnw
School no.) - School no.2 -0,.2807 0.0102 0.3012
gchool no.l - sSchen) no,8 -0.6033 0.0332 0.6697
gchool no.l - Sohool no.4  «0,0849 0.,298) ,6810
gchool no.l - school no.l 0.0439 0.4856 0.9272 LA L
gchool no.2 ~ BSchoel no,5 -1.2984 -0.9616 -0.,6247 *xk
gchool 0.2 -~ School no.l ~0.301% ~0,0102 0.280/
Sohool ne.2 - School no.8 «0,5168 0.0230 0.6628
school no.2 - School no,4 «0.1005 0.2879 0.6763
School nho,?2 - 8chaol ne.3 0.0250 0.4754 ¢.9217 Rk
gchool no.6 - school oo,8  ~1.6433 -0,90846 ) ,3258  wxx
School ne,6 -~ Bcheool no.l ~0.6687 ~0.0332 0,6033
sohool no.6 - Sohool no.2  =0.662B ~*.0230 D.6l68
Sohool no.6 - Scheol no.4  ~0.4217 0.264%9 0.9514
SChaal no-ﬁ - Schonl nanj "012635 0!4524 1.173:"
gcheol no.4 - School no.& »1.66602 =1,2494 -0,8305 LA
School ne.4 - schoel nn,1  -n 8BLD ~0,2681 0.0049
school no.d - Schosl no 2 1. 6763 -0,2879 0.1008
Behool no.4 -« Schood ne.d  «0.5514 «0.,2649 0.4217
gchool na.d - Sahpel no.t «u.3236 0,1875 n.69086
Scho. . 1,3 - &ahool no.& -]l.8101 ~1.4369 -0.9638 ek
Bchool nh%.3 - Schoel no,l -0.92%2 -0.4858 ~0,0439 ek w
school no.3 - Schoel nw.2  =0.9217 w0.4784 =0.0200  www
Sohool na.3 - gohool no.6  ~1.1733 w0, 4524 0.2685
School no.d - gchool no.4d ~0. 6986 ~0,187% 0,3234

e ' . i



COMBARISON OF DIFFERENT SCHOOL RESULTS FOR STD 8 QUESTIONNAIRE
REACTIVITY ONLY 87D 8 STUDENTS

General Linear Modela Procedure
Clasas Level Information

Claps lLevals Values
School 6 gchool no.5 School no.4 School no.2 Bchool no.d
School no.l School no.é
Rumber of obmervations in data set o 411
COMPARISON OF DIFFERENT SCHOOL RESULTE FOR STD B QUESTIONNAIRE
ORLY STC 8 STURENTS
Ganaral Linesar Modelsz Procedure

Depandent Variable: Totelght

S oof Mean
Seurce v UOAres square F Valus Pr>F
Model 5 75.458528 15.091306 11.42 0.o0041
Ergyor 405 535,390187 1.321853

Corrected Total 410 610.846715

R-Bguare c.v. Root MSE Totaelght Mean

0.123528 60.12111 l.14%8 1.0124
Source DF Type I 82 Mean square F Value Er > ¥
8chool 5 75.456528 15.081308 11,42 0.0001
Sourge bF fType IIXZ S8 Msan Sguare F Valuae Pr > F

Behool - 78.456528 15.091306 il.42 g.0001



&£td.8 dquestionnaire: std 8 and std 10 students only

Analysis variable : Toteight,

Sahoal=gasheol no. 1

N Mean f#td Dev Mindmuam Maximum

166 1.7710843 1,2193924 Q 5.,0000000

Bchool=School no.2

N Mean Btd Dev Minimum Maximum

1g7 1.8562074 1.1836000 ¢ 6.0000000

School=fighool no.3

N Mean std Dev Mindmum Maximum

[} 1.3230798 4.9253887% 4] 3.0000000
Bthool=g8chosl no. 4

N Mean Btd Dev Minimum Haximum

91 1.6263736 1,02D0055 o €,0000000

g8choolr8chool no,s

N Mean gtd Dav Minimum Maximam

lla 2.3559322 1.3108712 Q §.,0000000
Sichocol=8ahool no.6

N Maan std Davy Minimom Maxdmum

39 1.6823077  1.2804984 0 5,0000000



COMPARYSON OF DI?FERENT SCHOOLS HESULTS FOR THE STARDARD 8
REACEIVITY QUESTIONHATRE

8td.8 guestionnalre:

Analysis Variable :

APPERDLIE H1

Totelght

std=8 School=school ne, 1

5td 8 students only

! Maan std Dev Minimum Maximudm.
127 1,81B8976 1.1711975 0 5.000000D
Sohool=Sehoal ho.2

N Mean std bev Minimum Haximum
il§ 1,8088957 1.183924% 4] 6.0000000
Sclivol=school ne,3
N Maan std bev Minimam Maximim.
33 1.3333333 0.9242114 o] 3.0000000
schoolesSehosl no.d

N Mean gtd Dev Hinimam Mazimum
48 L.,5208333 0.5850804% 1] 4,0000000
SchoolsSshool no,.b
N Maan std Dov Minimum Maximum
74 2.7702703 1.2112181 o] §.9000000
S8ahpaloschood no.d

;] Mean gtd Dev Hinlmam Maximum
14 1.7857143 1.311403% 0 4,000000



APPENDIX E1



students t-test
std 8 & 10 responses to Std & queastionnaire
Thest procedure

VYariablar teotelght

Btd ] Hean std Dev std Error
8 411 1.9124087%¢ 1,.22060233 O.DGﬁZOTBJ
10 235 1.68510638 1.19168569 0.07707815
varlances T DB Frob> abg, T

tneatual 2.3240 500.4 0.0208

Egual 2.3035 B44.0 0.0216

Foy HO: Varlances are equal, F' = 1,07 DF = {410,234)
ProlbsFt = 0.5837



"ﬁ chi-Square Test
o gStd 8 & 10 responges per guestion to 8td 8 questlonnaire
A Table of Std by Maog8B
gtd Meqg8a
Fraguency
. Percant
Row Pat
Col Pat | 0] 1 Total
] 341 0 411
52.79 10.84 63.62
82.97 17.03
61,86 75.27 |
+ -t +
10 212 23 235
. 32.82 3.56 | 36.38
' g0.21 9.19
38.34 24,73
-t Total 553 93 646
) 85.60 14,40 160.00
Btatistics for table of 5td by Muges
statistis DF Vvalua Prob
Chi«Sguare 1 6.387 o.012
Likelihoed Ratio chi-Equare 1 6.693 0,010
Coptinuity Adj. Chl-Bquare 1 5.793 0.016
Mantel-Haenezel Chl-Square 1 6.357 o.0L2
Figher's Bxact Teest (Left) 7,05E~03
(Right) 0.997
{2=Tail} nadld
. Phi Coafficisnt =-0,088
Contingency Coefficient 0.089
Cramer’s V ~0.095

gample Bize = 645



All gohools, Std 10

puestion 6
Angwer Frequenoy  Percent
A 62 26.4
B 28 11.9
c 30 i2.8
D 68 28.9
*E 43 i18.3
X 4 1.7
é guastion 7
. Angwar Fraguency Percent
' A 42 7.3
B Ti 0.2
Li] 79 33.%
b 27 11.5
E 16 6.8

vtd 10 reppohses to Btd 8 gquestiennalre: All agheola

Queation 1
I Answer Freguency  Pereenit
g A 177 75,3
c 1 0.4
*D 18 6.8
B a3 14.0
Quentiam 2
Anowex Froguency  FPereent
A 35 4.9
[ *B 135 57.4
o c 13 .5
4 o 21 8.9
" E 28 11.1
; X B .1
: fueotion 3
Anawer Fraguency Peroent
A 4 1.!"
B K] 1.3
¢ 127 54,0
D a7 37.0

*E 14 6.0




APPENDIX F1

STD 10 RESULTSE FOR 8TD 10 RATE AND EQUILIRRIUM
QUESTIONHALRE

gtd 10 guestionnaire

415 sechools, gtd 1078

Quegtion 1
Angwer Fraguency  Percont
A a4 35.7
B 35 15.3
c 23 9.8
B 34 14.5
*E £8 24.7
Quaction 2
Antwer Frogueney  Porcent
! 29 12,3
B g2 34.8
*Q 53 2246
e 83 23.6
E 17 7.2
X 1 0.4

Quastion 3

Anpway Freguency Parcent

A 14 €.0
B 70 29.4
c 33 14.0
*D ED] 29.8
B 47 20,0
X 1 C.4
Quaptlon 4
Anbwar Fraguency  Puigent
A 46 28.°
B 29 12,3
a 48 20.4
b 14 6.0
*B 16 12,3
X 2 0.9

Quogtien B

Aower Froguangy  Fergent

A 83 8.3
B 28 10,6
*C 13 5,8
b G4 27.2

B 80 2i,3



MAPPENDIX FL



sSuhiool: Behool no.§, Btd 8

puention 4
Answer Frequensy  Parsent
*A 7 50.0
B 4 28.6
B 3 21.4

Beleols Sshoal no.6, Std 8

Quastion &
Ahovear Frequansy  Perdent
A 3 21.4
B 3 21.4
¢ & 42.9
D 1 1.l
g 1 7.1
gchoal: &chool no.6, #td B
Queation 6
Atigwer Freguency Porcenht
A 2 14.3
B 2 14.3
¢ 5 3B8.7
*D 3 21.4
B 2 14,3
Bohool: Boheol no.6, Htd 8
Quention 7
Anowoen Fregueney  Parcent
)Y 8 ﬁzog
B 1 7.1
*g ] 21.4
D 1 7.1
E 3 21.4
gehoolt: Schoold no.8, 8td 8
guaption @
Anower Ffreguonay  Poraoent
A 1 743
] 2 14,3
o 19 1.4

Rl 1 7.1



gchools School no.5, 8td 8

guaptien 6
Aupwer
A 3
B 16
a 22
*D 28
B B
s$ohosl: Bchool no.b, Std &
Quantlen 7
Answer
A 4
B a4
Lis 23
o 5
B 7
X 3
gchool: Schopl ne.%, std 8
Queption §
Anpwey
A a
B 1
o] 8
o) 23
+B 35

Fraguency

Freguenay

Fraeguency

Fercant

4.1
21.6
29,7
43.8
10,8

Pargent

2.7
45.9
31.1

6
9.
4,

= L o

Paraent

B.}
6,8

8¢hoolt Bchool ne.6, 8td B
Quietlon 2

Answer ¥reguehay Percont

A 13 92.9
¢ ) 7.1
Bohosl1 School ne.6, &Std 8
Ruestion 2
Anavoy Fregquenoy  Percent
A 1 7.1
*B 10 71.4
= 2 14.3
B 1 7.1
Behool: School no.6, 8td §
guestion 3
Anewor Fraguoney  Parcent
A 2 14.3
€ 10 1.4

D 2 14.3

o rwana e ———



fohoal: School no.b, 8td 8

Qua;tipn 1
Answer Fraquenhcy Percent
A 59 79.7
*p 3 4,1
E 12 16,2

Schoal: School no.5, std 8

Quastion 2
Angwor Freguency Percent
A o 12.2
*B -1 75,7
¢ 1 1.4
b 5 6.8
E 3 i1

$ahool: Schoel no.%, std 8

Quention 3
Anawer Frequenzy  Percent
A 4 5,4
B 1 1.4
¢ 84 73,0
D 5 12.2
*E ] 8.1
8Bchosl: schoal ne.5, &td &
Quegtion 4
Angwex Freguanay  Percent
LE-\ {6 €2.2
B | 13.5
<] g 12.2
n) 4 5,4
B 5 6.8
Scheol: Schocl na.B, Htd 8
puectien 5
Anpwax Frequenoy  Poreant
A 22 28,7
H 2 2.7
¢ 7 9.5
24 3l 41.9
*B 11 14,9
b4 1 1.4



Sahool: School no.4, 8td 8
puastion 4

Angwar Frequenoy  Fercent

2 L ]
" i8 39.1
B i0 21,7
¢ 12 28.1
D 4 .7
B ) 4.3
School: Scheol ne.4, Std B
Question 5
Angwer Freguenay  Percent
A 15 3.2
B 3 6.3
a 4 B,3
o 20 41.7
*B 6 12.5
Bohools School no.d, 8td 6
Queption &
Anawer Freguency  Percetit
A i 2.1
B 13 27.1
c 27 8.3
*D Z 4.2
E 5 10.4
Sohonl: School no.4, std 8
Quaation 7
Answer Irequangy Parcent
1 L]
A § .0
] . 18 8.3
*C - 19.1
2] 3 6.4
E L 18.1

#chool: School no.4, 8td B
Question A

Answar Fraguency  Percent

B 8 1647
B 17 5.4
c 3 6.3
2] 15 al.2

*E 5§ 10.4



8chool: School no.3, Sed 8
Guestion 7

Answor Fragquensy  Perocant

A 4 12.1
b 21 63.6
*Q 3 12.1
D 2 6.1
E 2 6.1
School: Bchonl no.3, Btd 8
Questlon 8
Answer Frequency Peroent
A 1 3.0
;) [ 18.2
¢ 1 3.0
D 20 60,6
*E 5 15,2
Suhool: Schonl no.q, std 8
Quention 1
Angwer Freguency  Percent
A 38 78,0
B 2 4.2
c 1 2,1
*0 4 B.3
B ] 1lo.4
Sohool: 8chool ne.4, std 8
Quartion 2
Answoer Freguansy  Percent
A ig 33.3
*B 28 84.2
C 1 2.1
v} 3 6.3
E 2 4.2
School: School no.4, Std 6
Queation 3
Anawar Fregquency  Pareent
A 5 10.4
B 3 6,3
i 28 52.1
B 12 28,0
B k. 6.3



Schoolt Boheol ho,3, Std 8

Question 1
Answar Frequency Pervent
A 27 8l.8
B 2 6.1
*h 1 3.0
-] a 2,1
Sohoolt School ns.3, 5td &
Question 2
Anpwar Fragquenay  Pereent
A 3 9.1
- 21 63,6
=] 1 3,0
D [ 18.2
E 2 6.1
Schavl: 8chool ho.d, std B
Quastion 3
Anpwey Fregueney  Parcent
A 2 6,1
B 1 3.4
[+ 21 £3.6
] 8 24,2
*E 1 3.0
gehool: School no,d, 8td §
tueation 4
Angwax Freguensy  Percent
LF 3 7 21.2
B 5 15.2
c 7 21,2
D & 18.2
E g 24,2
gcheol: Sohool no.3, gtd 8
Quegtion 3
Angwer Fregueney  Percent
A 8 24.2
bi] 2 fi.l
2] 10 30.3
M) 12 36.4
L L 3.0

School: Sghoel no.3, Std 8
Puentien 6
Anewex Fraguancy  Percant

) 2 6.1
B 12 36.4
) 12 36.4
*D 4 12.1

B 3 .. 901

¢ AP A by A e+ e 1 e . L



Schosls School no.2, std 8

Question 4
Anawer ¥requenay  Percent
*h 47 40.%
¢ 21 18.3
D 14 12.2
B 18 15,7
X 2 1.7
Bochool: Scheol no.2, std B
Quastioh 5
Answer Frequency  Pargent
A a7 23.5
B 2 1.7
o] 17 Je.B
D &0 52.2
5 ] 7.0
X 1 0.9
#chool: Sohaol no.2, Std B
Quesation §
Answer Freguenay  Percent
A 10 B.
B 2 19.)
c 46 40.0
*D a3 20.0
E 13 11.3
X 1 0.%
Behool s Schaol ne.2, std B
guegtion 7
Answer Fraguency  Purcent
kY 9 7.8
B €2 53.%
*C a1 18.3
B 14 12.2
E 9 7.8
gohoolt School no.2, Std B
Guestlan 8
Answar Freguency  Peroent
. 12 10.4
B ag 24.3
Q B 7.0

b 57 49
*E 10 8



School: School no.l, 5td 8

Question 7
Anpwer Freguency  Percent
2 .
A 26 20.8
B 49 39.2
*C 24 19.2
R 17 13.6
E 8 6.4
X 1 0.8
Schonl: Bchool no.l, Std 6
Questlion 8
Anaver Freguency  Percent
) .
A i3 10.4
B 34 27.2
e B 6.4
P 5¢ 44.8
*E 14 11.2

School: School no.2, std 8

Question 1
Anowayr Fraguency Parcent
A 83 72.2
B 2 1.7
c G 5.2
*D 14 12.2
E 10 8.7

Schonls Sahool no.2, Std 8
Quastion 2

Afjawex Irrequetoy  Percent

A 15 13.9
*B 87 £8.23
(4] 3 2.8
D 13 11.3
H 14 12.2
3 2 1.7
8eheol: Scheol ne.2, 8td 8
Quention 3
Answer Fraguaney  Pergent
A 9 7.8
B 5 4.3
<! L 47.8
) 28 24,3

*E e 15.7



8chool: School ne.l, 5td 8
Questlon 2

Answer Freguenty Percent

1 "
. 20 15.9%
*B 90 1.4
c 7 5.6
D 3 2.7
B 5 4.0
X ) 0.8
Sghool: School no.l, std &
tueegtion 3
Answer Fréequency rercent
A 10 7.9
c ki 59,1
D 25 13.7
¥E 17 13.4
Schowl: Sshool no.l, std 8
Quastion 4
Angwer Freguenoy  Percant
*A 28 22,0
B 53 41.7
=] ] 4.7
D 17 13.4
E A2 17.3
X 1 0.8

‘Schoolt Bshool no.l, &td B

Quastion 5
Answer Frequancy  Percant
A 49 38.¢0
B 8 7.1
[+ 28 22,0
v} a0 23.6
g 1l 6.7

School: Achwuol no.l, Std B
Question 6

Answer Fregquency  Percent

A i3 10.3
B a0 23.8
= a1 24.6
*D 38 3042
E 11 10,3



