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ABSTRACT .
_;3TT{;Q:$“
' The purpose of this stué& ig to deteiﬁ*ﬁ&“ﬁhich of the
methods of teaching axper1¢enta1 work, nanely,
denonstrations, filmed—exp#r:nents o iliustrating
expariments usinﬂ the chalLboard, 13 the mcst effective

method of taachzng pupils at the secondary =zchoecl lavel.

Forty-twc Standard Elght Physical Science pupils from a
townshlp seanndarv sehonl, reglstered under the Department of
Education snd Training and situated on the East Rand, served
as the subjects for this study. Pupils were divided intc
”threa equivalent groups, each with.éinilar nérks in science
and each group was exposed to three different teaching
methods for thrae different topics. The pupils wrote a test

for each topir after the exposure to one of the methods.

The vesearch data were statistically analysed, using non-
parametric statisties ( viz.,fthe t-test). The analysis of
the data indicates that nonejﬁf the methods was consistently

superior to the others.

(i)
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INTRODUGTION

1. IRTRODUCTILY

_Sczence subjects like Physieal Sczance and Blﬂlcsy ean be
taught pnrelyntheoretzeallv to the pupi; \ac both the primary
and the seconbary selueols levels. Scienes syl]abusgs, howevar,
emphasise the important role of experimental work in science “
education. Research'has shown that the experimental work when
ﬂbna with ihe puﬁils faﬂilitatés teaé&ing and promotes
meaningfnl ;earn:ng of selent1f1; pr1nclples aud concepts (;)
Ezperimental work can be presantad in many dlfferent ways. It
OEND ta presented as something to talk about, using a
ﬂhalhhoard to illustrate or by 7ateh1ng it J; the screen i
(filmed experiments) or hy demonastrations done by the teacher.
or by doing it individually or in snall groups

{hand=-on experiments) (1,2,3).

Intensive studies have been done on hands-on experimental work _

and on demonstrations (2,4). In Both cazses, the advantages



¥
outweighfﬁh«.disadvantages* In fact, experimental work, if.
apprapr1ate1y~aone enhanees 1earn1ng {2). However, in reality,
anny constraints hamper the impleneutat1an of experimental work
especially in tha townshlp secondary schools in South Africa.
Déspité these constraints in the tnwnghig secondary schaols,
éxperiments are-tahght, It is noted thaf.sone teachers |

prefer using one method of teaching éxperimental work over the
. By

other.

2. BACKGROUND TO PROBLEM
¥

The Departmént of Education and Training (D'E T) has intro&ueed-
sxperinents in Physical Science for the senicr'secqndary
students (natriculanfs) since 19887. These exparinen;s include
nainly the Inorganic Chemistry section in the standard nine
syllabus. These expsriments are compulsory as the knowledge of
f£hem is assessed on tﬁé written examingtion paper, at the end
of the standar»d ten year { Appendix J)" These gunestions

encourage pupils to memorise facts about what they had done a

year ago. It is perceived that experimental work plays an



important ruieaif it i= ﬁéne by pupils on their own, since they
I(pupils) can remember betteﬁ what they have thah Experimental
work done individually ox inm auail groups cﬂn 1aad to _
neaningful learning, provided a teaﬁhar\glves claar axplanatlon
about the{ “ﬁﬁninent to be performed. This process of
partlempatihn will make the pup113 pemember what they have
laarnt.ea511y._ﬁawaver, in the D E T schools because of,the 5
=1éck of laboratofies, 3f chemicals iﬁd-equipnant lack of .
teachers with nacessary sk;lls of ccnduetlng 8z.h work, and e
1arge number of pupdns in c;asxes, 1t often is not possible to
CArTY out 1nd1vidua1 or small greup experimental work. Becauss
df iﬂgﬁe 1og1st1ca1 prcblenms, ! teachers resort to the use of

the chalkboard, video experiments and demonstrations as a -

means of teaching the experimental woris,

3. RESEARCH PROBLEM .- .\
Under the prevailing nniavourable nircumstances which of these
- three nefhods of teaching experimental work (chaikbnard; fllmed

experinents or denonstratibns) gan result in betterx



;N_and teaehers will be more cotperative.

PR

understanding af the prescribed science eyliabus., It was

. declided to}ﬁhdress this questlon 1n respect of the standard B

syllabus ybpio on the reactivity of some elements ‘The |

decisiwﬁ was nade, despite the or:ginal interest in atandard 9
1nox aﬁlc chemniastry, beaanse the standard a pupils and tcachsrs

h##e o tzne for extra work becausa of the wurkload in thzs

"'ﬁﬁtandard It is therefore falt that the standard &'pupzls and

i - 11’

4. RESEARCH HYPOTHESIS

nl

" pecording to Tuckman (12}, a hypothesis helps to formalate an

expectation of the outcome of the study, and it gives the

relationship between the concepts identified;in the problem. In

- the presant ressarch the following hull hvpotﬁésis wag hade:

There is-nq gignificant difference betwean the avarage.test
narks of pupils who were exposeﬂ'to the demonstration method,.

the chsllkbosrd method ox £he Pilmed experimaent method.

4.1. Variables T | ', | o

_ )
In this study the independent variasbles ate the teaching

L.

L



6. IMPORTANCE OF THE STUDY

methods and the testing to whicil pupils ﬁarg subﬁaeﬁed;

*-Tha-dependent variabia:is th& achievement of pupils néasured'ﬁ

testing; as speelfaed by the obaect1ves { Appendices A, B and
C). Tha 1nuerveﬂzng variable is Iearniﬁk, for it theoretically
affeets the observed phenomena but it eo- qnnt ba seear, measured

3 i

or nnn;pulated €12). .

-~
.

Y]

5. PUBPOSE OF STUDY

The purposs of the study is Lo deternine which of Hiae“
cannonly used methods of present1ng experimzﬂtal work, can
rasult in better recalling snd understanding of the subject

nattar taunghi.-

The evaluation of the neﬁﬂoﬁs nf presenting experimental work
is important since the resulis froe this study will indicate

which, if any, of these nethads,‘i,nf greatest value in the

TmF



‘teaching of Phyaical'Scienoa in township mecondary schools

where there are many constraints.

The findings of this study are also important because the
future development of science teaching alds and the extent cf -
‘provision of science equipment by the D B T could be greatly

influenced by the experimental data.

W

The study will also guide the teachers wheil selecting their
teachlng methocs, They may be helped to weigh the pros and
econs, pergeive the di?fi?"‘+1es experienced by the pﬁpils mhen

axposed to each method, and h 5 to help them if possible.

"
7. LIMITATIONS OF THE STUDPY

(i) The knowledge thaf?the pupils are being used in this
/
1
experiment might cause some pupils to try harder than they

usually do (the Hawthorne sffect).



(ii} It:és not possible to isolate all of the factors that
infiuenes learning ~ for example, extraneoua variables such as=
sociceconomic standard and individual laurﬁins aptitude; thus
limiting the generalizsbility, i _
(iii)-Tﬁé subjects are from one D ¥ T secondary school in the
East Rand ares of the Republic of South Afiica.:thué re&ulting'

in forther limitations to the generalizability of any findings.

8. STATEMENT OF ASSUMPTIONS

(i) It is assumed that all subjects (pupils) had acquired
bagic knowledge of Standard 7 Physical Science concepts,’
since Standard 8 Physical Science pupils were involved in this

study.

{ii) It is assumed that the measuring instruments are raliﬁbla_

and valid.



'8, DELIMITATIONS OF THE STUDY

U4y eniv a certain section on metals and non—netals of the _
Standard ﬁ Physlaal Sc;ence svllabus was tasted '
(11) The population 15 delinited to Standard 8 pupils from

: tha same townthp secondarv sohonl



CHAPTER II °
REVIZW OF THE RELATED LITERATYRE

1. AIMS AND OBJECTIVES OF EXFERI%;NTEL“HDRE

A number of aims and abawctlves‘af experlnental wnrk have
been hmghlighted in the 11tarature an sci$nce education {5 15,
18,17). Toothaekgr (5> sunmarzzes them into three categories:-
(i) to support lectures, E : o
(ii) to promote gdod saiantmfic attitudes,
{iii) to temech labdratorv-skllls |

-"Hodson (1?) added tt‘a thaﬂm another tm‘.& eatagorles'

Q'(iv) to motivate, by stimulating interest and enacynent, and
(v) to give insight nnto mu:entlf*c nethad and develop

expertise in using ik.

Chamber (in Toothacker f5;} and many other educationists (18,
19) list the major objectives of experimental work and state

that one of them is "ta illustrate lecturs courses” or “to
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l: I'I' ——

:iliﬁstrate, supélepent and drive“hnne pointe from lectures,”
Kruéiak (18) in his study divided students into three Qroups.
One Qroup;had_a confgptional laboratory class; a seéond groub
‘had the experiments d&pnnstrated to ﬁhen and the third group
had no laboratory qont&gt at all, Th&ra was no siﬂnificaﬁt |
difference fbund betWaaﬂgahyﬁcf'the'groups on lapture theory
{ H_g&aninatiqn. Toothacker q}iticised the use of the lahoritarv to
hibiucidate theory, and he sﬁggestad thet if experimental work
| has a place in the currlculum, it must stand on its own and not

. ﬁﬁpport lectures,

héé?“.m ~ nortance of experiﬁﬁntal work is largely undiéputed
(ab: the quaawu? of what actuallv takes place in laboratories

ﬂ varies widely, 28 surveys have shmwn (26,27). Perception by
ateachers varies and the strugtureskneeded to support and
@aintain experimental work have_na#gr been fuliy'resolved in
ﬁﬁn? instences. It is noticed fhat fp is unlikely to make a
oahtribution to science tesching untfl these issues are .
tackled. There are a -pumber of =easons why experizmental work is
impertant but different individuals favour one resason over the

other. In this regard more emphasis (263 is laid on

10



experimentdl work as & means Gf reinforcing the understanding
of concepis and principles, and thus teachers do experimental.
work in'ardar to support the lectures (5) or to illustrate, .

supplement znd driva hone points from lectures (18,18).

It is also_notéd that in countries wher§ science inspectors do
not visit sehnolé_in crder to assess sxperimental work But it
ig assessed thrduﬁh written examinﬁtions, nany téachars prefer
demonztrations rathqr thﬁn allowing students to dn.handé-on
expgriment{f“:brk dus to constraints that exist (21). Paper
and pencil égéts are quite satisfactory for assessing "visual-

aid"” aspects of éxperimental work (28);

In reality, assessnénﬁ of experimental work is not a straight-
Torward entérprisa and it reqguires more than the usual paper
and pencil-test toc caover all the outebnes of experinental work.
Gensrally, it is recommended {28,30) that experimental work
should he assessed by teaehers.(internal assessment)} and that
it shnuld be done continuously so that most of the aims and
objectives of experimental work are achieved. The internal

assessment may be moderated externslly to snsure that

11



the agsessment results sre valld (a=s is the case with aghoals

under the” administration of the House of Delegates- Department N
of Education and Culture~ Indian Education Department and the

e

Katal Education Department) (34). o

v T

2. MERITS OF DEMONSTRATIONS

Some educationists (20,21) think that denonstratlons should he
used to £ill a largelv supporitive rale, tha.t of eonf:l.rm:mg

the theory which had already been taught. They also recommend
that, there should be no time lag betwsen thaory and |
observation, rsther than tell students everythlng, and together
~ the students and the teacher can make deductions from thesef
observations Meaningful learnlng .ean result if demonstratzons
cen be linked properly with the theurv tanght in class (4).
Demonstrations are alsc needed zs a means of communication:
teachers should not rely on verbal instruction only.

Newbury, gquoted in Connell {(2), says “The demonstration



R

" method lesson is, of necessity, more definite in content than

hands—on experimeni. Thus, while it 3~ effective for sll :

pupils, it is particularly helpful to weaker pupils.... hqys”bn
the whole, prefer the iﬁaividual method, and the girls the

demnonstration method.”. Few science teschers doubt that

secondary school science coureses. should contain & significant

amount of expsrimental work carried out by pupils themselves

- (8). Some ressarch studiss have revealed that, in many cases,

pupils do experimental work without a el 2r idea about what
they are doing or what lies behind the exp. iment (5). Thay

need & ¢lear explanation given by their teachers.

Many teachers believe that pﬁpils should havs fix#t hand
practical.experiencé in laborsatories in eorder to acquire skilis
in handling apparatus, to measure and to illustrate concepts
and principles (6,7,11). Unfortunately experimental work often
does not go further than this and few opportunitiez are |
provided for pupilé to conduet challenging investigations

(8). Colussi in his study mentions that many teachers are more
satisfied with demonstrations: than individual, or small

group hands-on WO:k because of the sdcial pressures for good

i3



results. The examination system does not emphasise the |
assessment of sbilites, attitudes and skills associated ﬁith
the experimental work. Newbury (in Connell (2)) stresses that
although the majority of experinents shoﬁld be individually

. performed, the general usefulness cf demonzsirationse rust be
stressed, for they are effective and ééoﬁanieal in.supplying

. knovledgs.

Barger (22) criticiz%d hands-on experimental work because he
claimed, that his stodents magtered the work just as wéll, if
not better by demorstration experiments becsuse vbservationas
‘and discussions were stimulated to a greater degree. The Spens
Report, 1838, discusses experimental work (2) at length. It
quotes with approval the Thonsbn Report, and gives a clear and
emphatic statement of tha case for demonstrations: “....... a
iarger variety of experimenital work, covering more ground and
carried out more accurasely and skilfully, will provide more
data over s wider variétv of topies than is possible where
only, or in the main, experimentazl work is done by the pupils.
By a greater use of good demonstrastion we believe that édiénca

teachers will more commonly stimulate wonder and imagination.”.

iq



Démonstratinns can make an exceptional contribution to teaching
and learning for they can be used, for exsmple, for setting
problems and for afousing the interest of pupils (1,8,23).
They are even used ic illustrate the safety_aspects of
experiments, to stimulate further thought, and to carry out
class exparihents that are too dangerous for pupils to tackle

" hy themselves.

Many ccuntries, other than Britﬁin; have until recently kept
experimental work to a minimum because of the high cost and
-eonstraints involved in running laboratories. Laboratories on
an average require twice the space of a conventional eclasaroom
for the same sized class. They are éxpensive to equip with théﬂ
necessary ser#iees including équiﬁhent and aneillsry staff that
is required to maintain the laboratgries (1,3).'Hhen the hﬁnds«
on experimental wqu is done rore money and time are spént,

as compared to when demonstraticns ars done by their teachers.

- Mundangepfupfu (36) outlines effective course management
strategies that ocan reduce the expenditure on facilitiesz for
hands-on experimental work in favour of wmore demonstration

facilities in the ordinary classroom. He alsoc encourages

i



alternative methodz and experiments thaf'dn not need to be
taught in the laboratary. o

Hodgon (1?,35) claing that reséarch evidence and theoretical
arguments both show that “practical work as preéently
ﬁrganised (in U 8 sahobls) iz largely unpfoductive and patently

unabls to justify the often extravagani claims made for it.”

G

il

3. MERITS OF VIDEQ EXPERIMENTS

Hany schools way lack the financial neans'ng;providing
adequate facilities, eguipment, and naterials for the
performance of extensive experin:htal work. There may be
administrative problems, such as nonQﬁvéﬁiability of
laboratory space at the *;ight time”. Tﬁ%{*faat nakes it
difficult to integrate experimental work.fﬁiiy with other
Qhéﬁical education setivities to which the lesrner is axposed
(10). Reebgnising the prok*sms which may hinder the
implementation of a lsboratory based sppromch to subjects
like Physical Seience and Biology at a high school level, ~
filmed experiments have been conducted as an alternative

tc normal handswonuggperimental wark snd demonsiraticns (8).

18
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Kempa and his co-workers, quoted by Ben-Zwi (10), reported

the usefulness of filmed demonstrations in the acguisition

" of manipulative skills. They suggested that lens nay be

an effective medium for the teaeh;ng of nanzpulatlva skills
even when laboratory facilities for personal practice are

not rasdily available. Despite_some of the advantages of
filwed ipstructions, Qarpenter and Greenhill (quoted in Ben-Zvi
(93> point.aut that pupils :éél that less iﬁ learned from
 Pilmed instruction than from conventional te;ching {lectore~
mnethod). '. |

A study on the efféetivanesgfof filned experiments as an
alternative ﬁo the handez-on experimental work in the context

of high schopl chemical education mas carried out by Bsn%zyi
and har-co—workerg {in). The naih result of the study

 was that the attainment of ccgnitive abilities and of

~ laboratory-oriented problem-solving skills was not
significantly &ff;bted by this spproach. For full appraisal of
the educational uéefulnesé of filmed experiments as an
afﬁegna#ive to "live" lsboratory experience, it is nécessary to
~ eonsider not only cbgﬂitive and psychomotor skills dquloped iq;

students, but alsc their réaction and attitudes towards the

17
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_ : . _ : O
alternative feaching medium. Slabough (24) reported a positive:
. (1) ’

attitude of students towards such vicaricus experience. Buf
Watson (25) in his study concluded that film-tesihing over long
periqda leads to loss of interest and the development of
negative attitudeé.tnwardS'acienca.

_ A
Data.related to cognitive cbjeftives of éxﬁerinental'warkr for
exanple, the dfﬁwiﬁg of inferehces_frcm egpgrinents and their
underétandihg of chemical theory, revealed that, the attainngnt?'
level of pupils taught using films and af pupils who were ’
axpgéed to tescher denonstrations.was practically identical
(8):
 Filmed experineﬁts have advantages over teacher demonstrations,
in that they can be shown over and over again without _
the time-consuming task of prepariﬁg and rehearsing esmch tihe'
as is the éasa with demonstrations (24). However, most pupils
prefer teacher demonstrations because they can be amllowed to
ask guestions during the seégion and the teacher amight provide

~ them with snswers (9,24). | o ' _ E



4. MERITS OF CHALKBOARD METHOD

The chalkhﬁard is & widely used teaching-aid . Most of the
teﬁchers are trainsed in how to use it. They are pore confident?
" when using it than other teaching aids and every achool has

8 chalkboard., It is the cheap&st aid because one doas. |
ot require electrinity in order to;oparata it nor to purchase
“ chemicﬁls and equipment to be used;.only © piece of chalk is

needad.

When the chalkboard method is used,.pupils do ﬂ;£ obgerve real
experinents but they are tald abeut then. In some casas thay
eanaat even. imag1na what is. being said or done in terms of
various skilis required for exparinantal work- cagnitive”
skills, lsboratory skills, communicative skiils and deductive
skills. Heveitheless when claésrqohs are nverofnwﬂed nr.
lacking in all other resodrces it nay be the oﬁiv available
nethod. Ro repoxt in the literaturg*énuld be found that daalf'
with ths merits of the chalkboard method as a means of teaching

experimental work.

18



CHAPTER III

RESEARCH METHDDOLOGY

1. PILOT STUDY _

This study was carried out befur the main part of the research
 was undertaken. The piipt,study 7as intended to test the
validity and.fhe reliability of the testing ihstrument (12,14)
and to determine whather the planned strategy of condueting vhe
study was feasible. In this study the Standazd 8 pupils were
involved becauss of the seall number of pupils who were doing
Physicel Science in Standard 8. A topié different from that
chosen in the main resesrch was used (redox reactions), because
these pupils had glread? bgen exp?sed to these topics: Three
groups of pupils (equivﬁlance amog‘ groups waé established
using previouz test mﬁrks) labelledwﬁ,ﬁiihd ¢ were randonly
selected, and they were taught experimental work by means of
the three tesching methbds. Groﬁp A was taught bﬁ means of

the chalkboard method. Thereafter this group was allowed to go

for break, but was not allowed to intgraét with Group B or

20
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Group ©. Whila Group A was having a hraak,‘ﬂroup B and

Group C were exposed to a filued experiment and teacher—

demonstration, respectively gnd simnltaneously.

At the end of these lessons thay were allowed to write & co
test. The'average:mark of the pupils-whc were oxposed to th

demunstrat:on nethod was the largest

- The successful administration of the pilot study showed tha

it is possible to carry ocut the research in this manner.

2. SELECTION OF SUBJECTS

Z.i; Target population
The standard 8 pupils doing Physical Science through the
medium of English {2t one township school in the Alberton ar

registered under the D E T, were used for the study.

2.2. Sample
A number of class tests on another part of the syllabus wer

written by the pupils and the marks abtained were used to

21



estahiish equivalence.among the three grbupé (A, B & C).“

The pupils” averagde marks were ranked and used to assigh éupila
into three different groups, that is, the pupil who obtainéd
the highest average mark was placed in'group'a, the pupil with
the sacond highgst avarage mark was placed in group B, the
pupil with the third highest average mark wes pliaced in

group C and sc on. The groups wers randomly assigned tu”
differeﬁt téaching'msthnda. Initially each group consisted

of nineteen pupils but due to unforeseen circumstanceé,

was reduced to fourteen pupils. The sample]siza is suitakle
and iz regarded as feasible, since small-sample statigtics
assure the researcher of acceptable reliahility in ssfimating
sampling error, before making decisions about hir data. It is
also noted that 8 mample size between ten and thirty has |
some practical advantages:'it is guick to work with and
facilitates caleculations. Also this samplie size is large
encugh to test the null hypothesis but it iz small enough to
overlook weak treatment effects {14).

Thegse three groups were expcsed to the same topie (Appendices
A, B and C) but were taught using different methods. Each

gronp was exposed to each of the methoas For the three

22



ifférent exberinents, as shown in Table 3.1. The pupils wrote

a common test for each experiment.

The resesarch design was as follows:-

|Experiment | Yideo t Demonstration |chalkboard [ Test |
¢ L 1 P ' L 1
b 1 . 1 . ] F 1
! 1 4 Group A | - Group B ! Group C ! 1 4
; ; i~ } i f
' -2 }  Group B | Group C i.Group A ] 2 |
: : : ) 1 :
' 3 ! Group C | Group A t Group B | 8 |

Table 3.1 -~ Sequence of the reséarch procedure.
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3.EXPERIMENTAL INSTRUMENTS

8.1. Deseription of the methods of teaching-experinenfal work.
3.1.1. Demonstration method

Thé experimental procedures were compiled from different tsxt—.
books and chosen to suit the existing laboratory conditions.
The desmonstration experiments ﬁere done by the teachsr (the
researcher). The teacher waighed ocut the masses of the.
substances to be used for an sxperineﬁt, labslled the test
tubes or beakers and arranged them as highlighted in the
_expe:ihental procedure. All these preﬁarations were done before
the pupils came to the laboratory session, so as to avoid

unnecessarv.delays in the laboratoiy.

The title of the experiment was written on the chalkbosrd.
The scheme of report was also written on the board and the
pupils were expected to answer or £ill in the missing
information. When they came to the laboratory, they were
allowed to copy what was on the chalkboard. They wrote the

answar for each question after each demonstration.
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' Thehteaeher alzo drew their atténtibn by asking some guestions
during a demonstration (Appendices A, B and C). Some of these
qusstions were not on the chalkbosrd. Answers werse given
during the 1esson.'?upils were allowad to =it cloge to one
ancther, to ask guestions, td'answeé guestions and to talk to
one another, so0 as to make the situation more normsl. 4
At the end of the demonstration session they meved to the
classrocm, where they were going to write ﬁ test. On their
way to the exam room they diseﬁsséd what had Been

demonstrated.

3.1.2. Chalkbosrd msthod

The teacher (the researcher) told the pupils the topic of the

lesson and even wrote it on the board. While teaching the

teacher wrote down the main points on the board, for example,

the chemicsl eguations, the colours cbserved when elements were

‘heated in the presencs of oxygen-and the order of metivity of

elements with oxygen. During the lesson pupils were permitted

to write the notes in their.books.

After the lesson they went for a break. The length of the break
/

,-_9.,

25



was deternined by the length of the denonstration sesﬁion.
During the break they did communicate within the group while

other groups were busy-ﬂith other methods.

In both the chalkboard method and the demonstration method, one
pupil in Growp A in parficular askgd many que;tibns gnd he
scored 40,8% andﬁﬁé,ﬁx raspeetivaif. As a result of this
questioning one can say this éroup was mosit actively involved
becsiuse the teacher parnittéd the pupils to answer some of

these questions.

$.1.3. Video method

A colleague who was not familisr with physical science

showed the Ffilmed experiments to the pupils. They sat in
positions where they could see the film clearly. The video was
shown once onl&. Some of the pupils made notes..Thé video

- was never interrupted.

The demonstrator in the filmed experiments anncunced the title
of the experiment and it was also flashed on the sereen. He

mentioned the purpose of each experiment., The worksheet ta be
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bumplated was written on the board. He pointed out the pogition
- of the elements to be studied on the periodie table. He
displayed these elements on thé working bench. The apparatus ===
was nsed and oxygen was kept ready in.the gas Jjars. He talked
-;dudly about whatever he was going to do, gaﬁe the reason for
Jeaah sction carried out and told them what they should observe.
For example, he said; "I am going to warm lithiom wmetal,
observe how easily Iithiﬁn xelts, cbzerve the colour of the
flame formed.”. Aftar-eaeh demonstration; he fil;ed.in the
objectives of the experiment as written on the chalkboard. To
show the culnur of the gubstanae,jfdr example, the colour of
the flame or metal oxida, coloured boards were pinned on the
chalkboard. Whilst writing on the chalkboard he kept on talking
too. Afﬁér carrying out the whole denonstration, he pinned up
relevant balanced chemical eauations. At the end, he summarised
the findings and gave conclusions on what appeared on the -
board. As he was busy with the demonstration the board was
behind him and the pupils conld see what had been written. Some
of them kept on writing whilst he was continuing with the

denonstration thus disturbing their concentration. The pinned
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up cherical equﬁtipns were pre-mnade and_that nade the legson to
bs too fast for pupils to.follow and sdﬁetimes.they copled |
wit{)ﬁt uﬁde:standing. But, all in all, the:set up was fairly
good.

When the_pupils.can& oat of the video-room, moxt of thenm
complained, for example; (i) about the speed of the video, (ii)
that the lsnguage was complicsted (English at a2 firmt iansuaga
level wss ussd whereas they are taught through English nt. "
second language level), (iii) zbout the intonation of the
speaker, (iv) that nobody was available to explain the subjeect-
natter wheré they did not understand, (v) that it was not
possible to axk questions and (vi) tl;at the videc wes not
replayed. This group was completely passive duriﬁg-the Film
session and they ﬁnly talked to one another on their way to the i
exam-room. | |

The video films used were prepared by Kr E.G. Jansen, senior
Physical Science snbject adviser, in the D E T . Some of the
D E T schools do have thege video films. It is noted that

in some of these schools, these video filns are used to

substitute a teacher’'s lesson or when the class is toco large.
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There are no courses given to guide a teacher on how to use
these video films and when to use them. Tye teachers used their

oun discretions in_showinglthe video filﬁ{_

None of the pupils.brnught the presecribed Physical Science
textbook to school during the resesrch, although all the pupils

i

had copies. : : . y}
3.2. The post-test

The thres tests are included as Appendices D, E snd F. They
were allocated 22, 23 and 22 marks respéctivaly. The nature

of ithe guestions was such that only one correct &nswer conld be
correct. All tests consisted of twe different types of
questionz. Some of the questions were testing what pupils had
observed or been told about the axpsrinant.by the tesacher.
Other gquestions referred to background theorﬁusuch_as -
knowledge of balancing the reﬁbtion equatiocns gy ingpection.

In tarﬁs of Rloom’s taxonomy, the tests were testing simple
recall or basic}knowledge and comprehension. The tests were
written on the ehalkb&ard, andlthe researchsr invigilated

and marked the seripts. (wn\ |

R
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4. VALIDIf% AND RELIABILITY OF THE EXPERIMENTAL INSTRUMENTS

4.1. Content validity of the post-test instrument
In order to ensure content validity, the test 6f achievement
nust be judded in relation to the learning objectives Ffor each
experimental topic as shown in Appendices A, B and g.'ﬁhan

drawing ﬁp the tests, the pupfls’ toxtbooks were studied and |

subject contant specialists were consulted.

The %extbooks that were consulted are: "Physicsal Séience
Standard 8", Brink and Jones (19852iand "Complete Physical
Science Std 8", Brits, Eloff and Botha (1988). My two
supsrvisors, Dr. Haik snd Prof. Bradiey sc:gtinized the test
guestions, On their advice, certain quastiohs were reworded to
avnid-ambiguifiés and inaccuracies and then the revised test

was admninistered to the pupils.
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4.2. Relisbility of post-test

.The test quastiéns have only one answer. Bo independent marking
was carried ont becausé of the uniquehéss of the answers.
The memorandum of each test was prepared in advance of marking

of the test. }
. ¥

1
1l

6., TREATHENT QF RESEARCH DATA

A noﬂ;paranatric test, namely the t-test, wﬁs‘use& to dgtaxniné
“whether there was any significant difference in the afargge K
narks ubtained in the three different nethods of teaching the
experimental work. This test assumes that tke samples are

drawn from a normally distributed population #n& allows
one to estinate.the parameters of such 2 population. Thic:test
_alsc assumes that the scores obtained are independent of each_
other and that they constitute a rey tesentative, unbiasod “
sample from the underlying population (33). This tect can also
be used when the total number of scores is less than thirty.

The t-test was employed to test the hypothesis of this study

because it can be used to determine the difference betwegn_%wo '
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' or more m@aﬁs. The generally aaeépted 0,01 and 0,05 level of

.signifjeénee in edueationaluresearqﬁ was used (33).

The following formuls was used when ealeulating the "t" value:

WwW-1. 24
e FEescRer ¢

t = the t~value. | o "1

_ oo B}
% d = . um of the difference of paired scores \g-j

RN

d = the difference between the paired scaream

3 d = the sun of the squared difference scores

K = the number of pairs.
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CHAPTER IV

ANALYSIS OF FINDINGS = , -

“_Tha'thraa axpe:im&ntai Eroups ware exposed to three differént
teaching methdds ﬁnd they also wrpta three different iests,.
following the sequence shown in Table 3.1 {Chaptar 3, p.h23).'
The aefual narks cobtained by the pupigﬁ for the different
riethods are inciuded in Appendices G, H and I. The mean marks
und standard deviatlions for each test are summarised in

Table 4.1. The mear marks were taken as a messure of the
effectiveness of the teaching methods in achieving certain
abjectives. Obseréationul objectives are specified in the
description of the experiments in Appendices A, B and C. But,
in addition to these, there were objectives related to the
balaneing c¢f the chemical equations for the reactions which

were demonstrated,

33



i b e e g ek Wk Tl s TP | YN A i W ik ek A Pl ke, s ek et T Y T A e el P S AP WA sk e RS iy P D

TEST No. : DEMONSTRATION | VIDEC | BOARD d

1 ¥. | A=9,88 | C=8,50 | B= 8,86 |
sd | A=3,92 | C=3,25 | B= 3,42 |}
2 ¥ | Bz 12,00 | A= 14,00 | C= 11,00 |
sd | = 3,88 | A= 5,78 | C= 4,68 !
38 X | ©=8,07 | B=7,48 | A= 11,50 !
sd | C=4,75 | B= 3,55 | A= 3,43 |

" ——— T o —— - —— — . e oy} o ] B S - Y . o s e g, o= g Wl . g . Nl P A . g -

Table 4.1: Meang and standard deviations for each group for

each post test.

As can be seen in Table 4.1, by comparing th§ nesn scores, in
test 1, the démonstration method appears to be the best method
compared te the chalkboard method or video method since the
mean of the group exposed to the demonstration method is the
highest. In test 2, the video ﬁethod seems to have been hetter
than the other two methods. In test 3, the chalkbnard as s
means of illustrating tke experimental work seeﬁs to have
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been the hest nathod.

In the light of the foregoing results one cannot really tell
which of these methods is in:general the bhest. _
It iz also noted that pupils in Group A attained the highest

mesn in each poét-test.

The data was analyzed further using the non~parametric t-test.

The results are shown in Table 4.2.

Tk e A iy s e e T - - -— —— v

i Groups | Test 1 | Test 2 Ti Te§t 3 .L

;n_-~;ﬁ ] “ma,ﬁ;“‘ ! 2:;;;“_-:““-;:;;;“_;“

! _Bc ; 1,;;H_F;-~;?21 —__{ 0:47* “; i
a4 e ues 4 e

—— — - o —— ————

Foatnote: ¥ - Not =significant atcthe 1% level, but significant
at the 5% level. ¢,

[

Table 4.2: Summary of t-caleulated values.
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The ocritical tvvaluﬁa for a twa tailed_tast with 13 degrees of
_'fraeﬁﬁn are 2,180 at 5X level of significance and 3,012

at 1% level of signifieanéa; From the results obtained it can
be seen that there iz no significant di:terénce in achiefenent
of pupils at 1% level of significance, which implies that |
the null hypothasis may be accepted at 1IX level of
significance~ viz., that there is né slgnzflcant dlfferenee
between the average test narks of pupils who were exposed to
the demonstration method, the chalkboard methoed or the video .

nethod.

, According to the t-calculsted for test 1 (comparing groups A
and C - demonstration versus video) and test 2 ‘(comparing
groups A and B - demonsiration versus video) the null
hypothesis may he rejected at 5% level of significance but
not at the 1% level of =ignificance. In test 1 (comparing
groups A and‘C) it is in favour of the demonstration method but
in test 2 (c;hparing Eroups A and B) it is in favour of the
video method. The t-calculated values in test 3 (comparing
groups A and Q) suggeét'that there is a significant difference
bgtwean the average merk of tﬁe group that was exposed to the '

chalkboard .nethod sand the aversge mark of the group that was

as



exposed to the video method, and thus the null hypathesis

should be rejected in this case at the 5% level.

When one looks at Table 4.1, one can say tha£ Group A performed
better in all the tests. This group appears not matched to £ha
other groups- f&;eg&w{:;}gwaf_the method they were exposed to.
T i\*" T
- Further first degree (basic) analysis was done to deternine
which of the methods under study will enable pupils to score
betier in.the gquestions that are rslated to obsar#a;ion
and to the theory respectively. The results obtained by each
pupil in each test, appear in Appendices K, L and M. The
letters 0 and T represent observation and theory respectively.
The total marks for cbservation questions were 8, 12 and &
in test 1, test 2 aﬁd. test 3 respectively, while the total
narks for tha.ﬁhecry qﬁestions were 14, 11 aad 17 in test 1,
test 2 and test 3, respectively. In test 1, questions i, 2, 4
| and 8{ii) were classified as the observation questions while
the remaining questions were considered to be the theory
questions. In test 2, questions 1(a), I(b), 1(0) and 4 were
clagsified as the observatlon guestions whilst the remaining

questions fall under theory. In test.a, questions 3 and 4 were
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clagsified as the obsarvation questions snd the remaining ones
as theory guestions.
The averzge marks and the percent average mark obtained by each

'group are as follows;

/ i DEMONSTRATION | ~ VIDEO }I BOARD . .}

P Grpt O | T | Grp} 0! T {Gept O | T |

iTest 1 | A |3,64 [6,21 | C 12,43 (4,07 { B 13,00 [5,88 ]
| 4 ] | 45,6144,4 | 130,33 (28,1 | 197,56 141,9 J

iTeat 2 | B i8,71 15,286 { A {8,886 {7,124 { C }5,50 }5,50 |
I T 155,98 148,1 } 157,1 (64,8 | 45,8 50,0 }

- —— ——— — —— o — ———— ———— o —d— "

iTest 8} C }1,43 i6,64 | B }0,50 {6,983 | A 1,50 {i0,0 }

i M Y Sl kG s e e e o e . ol it i e Bk ot VS TR T S s UV R A AR S s —————— o]

' £ | 128,86 139,1 | 110,0 40,8

130,0 (58,8 |

B T e i b i — e - - - - - W

Tabl~ 4.3: Summary of average marks and percentage average
marks for the observation part snd the theory part

in each test.
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The % score ratios (05?§-were also determined as shown in
Table 4.4. In térms of obaar@ation.igarning the k
demonstration method =seems generally to be more sucuassfui than
the video method or chalkboard method. By contrast, the theory
learning was genarally mors éuecessful_with_aither the vidéo
nethod or the ohalkboaid method. |

These conclusions are only tenfative and much more research

would be regquired before they could be sccepted as of general

significance.

i TEST“ ! DEMONSTRATION § VIDEQ ! BO&RD': H
f.

LI § H 1,02 ' 1,04 H G,80 |

________________________ St e

' 2 ] 1,18 .. $ 0,88 H c,92 |

- { 8,73 : 0,25 H 0,51 }

Table 4.4: The ¥ score ratios (0:7) on each test.
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CHAPTER V
SUMMARY, CONCLUSIONS AND RECOMMENDATIORS
5.1. SUMMARY OF THE RESEARCH

The primary purpose.of this study was to determine which of

the commonly ﬁsed nethods is the most 2ffective method of
teaching the syliabus experimental work. The fundanental

raasﬁn bahind'thisfgtudy stems from the fact that the DE T
examinations questiﬁn_paper for the matrizulation candidates
contains some questions based on the experimental work. Host of
the teachers fail to conduet experiments in a labbratory due to
a number of constraints mentioned in chapter 1. Demonstrations,
filmed experiments and chalkboard zs z mesns of illustrating
the experimental work are commoniy used in the township
secondary schools as alternatlve nethbds to hands—on

.

axperimantal work. In the circumstiances thaseﬁnethods have
§,
advantages. over hands-on experimentsl work, as*mas discussed

in chapter 2 Thres experimental groups were sélected From
Standard 8 pupils from a secondary school 1nftha Esst Rand.
L
A
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Pupils were taught three different topicaz on the reactions of.
(i) metals and oxygen, (ii) metals and water and (iif)
non—netéls and oxygen. After each topic had been ‘taught, pupils
wfgte 2 test. The signifiecance of the difference betwesen the
rean scores of the groups was estabiished by applying the
t-test (two tailed test), ﬁ;ing the generally aedepted 5%
aﬁd 1% levels of signifioance. Aftear the analysig.cf the
rasults one could not say with certainty which of these methods

under stﬁdy is congsistently the most effective method.

ST £

TE@re were however indications that the_denonstration method is
the most effective for teaching theﬁobservagﬁbns, but the least

effective for teaching background theory. ; R

5.2. RESEARCH CONCLUSICHNS

N
This study concludes that the pupils learn diffexentlv”whan
they are exposed to different tesaching néthods. However, their
learning is influenced by many things other than teaching
methods. Their learning can be influenced by tﬁ& suhé&bt.matter
tayght and the interest they havé in it or the manner of
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| finding that the pupils feel that less iz learned from the

\’I“'

i ]
presentation or pup1ls partlgzpatlon in class or other

- external factors. It ¢an be seen in Table 4. 1, that pupils in

Group A, perﬂqrned:better_conpared to the other groups on all
vceasions. It is prababl?_bﬁ@@use this group was more sotively

involved during the lssson.

-

)

~ According to the t-test, the null hypothesis may be accepted.

at 1¥ level qof significance, which implies that there is no |
significant differenge in average marks irrespective pf the
method used. Even at the 5xxlave4 of significance there was no H
consiétent indlUcation of the superiority of ahy one method.

In thi;:;tud} it.was faﬁnd thaﬁ diffarent experimental ” o
methods fulfilled different aims and objectives of exparigeﬁtal
WOTK éoAsoma_degree. The video method resulted in a negative
attitude, which is not the actual objective of experimental

work. This'is in agreement with Carpenter snd Greenhills”
£ilmed instruction than from the lecture method (8). Ben-Zvi
and her co-workers (1C) in their study onn the effectiveness of i

filned experiments as an alternative to the hands-on
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skllls was not significantly sffected by thah apmroach was
used; The video net?od was largely recommended fot‘the teeching
of manipulative skills unfe than any uthar abjeetivﬁ; of |
expeminentgl ﬁﬁ’k' In this study, howevgr, the learniné

(recall aspectz) of some prescribed seience concepts was
tested. In ﬁhis-respect the videa method is'not the best

wmethod ta be engibyed since puﬁils' positive attitude’'and

i

1nterest which are prerequﬁsztes of léarnzng, are not
]

developed by this method._ﬁevertheless pupils achleved batter”.
dh theory Questions aftery;xpasure to video teaching, than tiey
did ater demonstratzons $ : | .
As far as the chaikboﬁrd method is concerned one céLnot tell
with confidence whether interest was stimnlated or positive
attitﬁdes were developed. It is not easy to note any chande
sinece they are.most aequainted to this nethod

With the damonstratlon method, the pupils saemed notlvatad and
their interest was stinulated The results could have been
bettesr if it had been employed to f1lll the supportive role -
that of confirming the theory which had already been taught -

as most educationists {21) rscommend. On the basis of the
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researcher’s observation most of the q?pilsgﬁested_prefer;ed,'}

o teacher dsamcnstrations because they can be allowed to ask
. f ] ] s

&7

2

quegﬁions during the session and teachers nighf provide them
wiéh'answera- That can lead to'meaningful 1eafning.; |

o
5.3. RECOMMENDATIONS

As the result of the study, the reccnneqdatinns for fu;ther_
research are as follows; .

1. Further research concarning the most gffeetiva nethod uf

' teaehing experimental work in the second;ry scheols sheuld be
done s there is a need of a methed that will enable the
teaohéfs to achieve the ains and abjéetives of the

experimental work.

2. There is & ﬁead of further study in this area using
subjects coming from different schools and different townships,
Different teachers could also be involved to determine how

variation.of teachere inflvences the learning of pnyils.

i T a4
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3. More research is néeded to discover ways by which one can

minimize the disadvantages of easch method.

4. Further research into the best ways of using video
presentation should bn done. For eiample, how can one use video
tuo develop interest snd =a positive attitude in pupils that will

i

foster meaningful learning.
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APPENDIX A
EXPERIMENT 1 -~ DEKONSTRATION METHOD

TITLE: REAGTICH OF METALS AND OXYGEN

it

¥

APPARATUS: Test-tube, glasswool and burners

PROCEDURE

1. Pu£ approximately two ﬁfans of potassium permanganate

in a test tube. |

. Make a plug of glssswool and press it down the tube
yﬁ.juét.abava the permanganate. Place some lithium, sbont
ihe size of a pea, into the e pyrex test-tube and place #
second piug of glasswool &.. =z it. Heat the lithium and
potassinm permanganate simultaneously with the bunsen burner
‘Heat lithinr until it melts and ignites. As the potassium
permﬁnganata is heated, it releases oxygen which comes into

contact with molten lithium.

. Sorape the product that was formed into a elean test tube.

Add 10 nl of water and a few drops of universal indicator or
dip a2 litmus paper into a sclution. _
4. Repeat this experiment using sodium, potassium and calecium.

51



5. Repeat this exﬁirinent using approximately 1 § of magnesiunm,

iron and copper filings.

ACTIVITIES AND OBJIECTIVES AS HRITTEN ON THE CHALEBOARD.
1. Observe what happens when & metal iz héated.
2. Arrange metals in order of dacreasing activity.

3. Are solutions of reaction products acidie or basic ?

G
&
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APPENDIX B
EXPERIMENT 2 - DEMONSTRATIGN HETHOD

TITLE: REACTION OF METALS AND WATER -
APPARATUS: Test~tube, bunsen burner and beaker;
PHOCEDURE A: '

1. Half}fill seven test-tubes with cold watex.
2. Place snall pieces of metals { Li, Ra, X, Mg, Cx, Fe, Cu )
into a test-tube in a given order. Hold a burning match te the

‘mouth of each tube.

PROCEDURE B: _
3. Heat the water while ﬁiacing in it Ca, Mg, Cu and Fe
respeofively.

4. Hold the burning march on the mouth of the test-tube. '

PROCEDURE C:

6. Place moist glasswool on the bottom of the test-tube and a
piece of Mg, Pe or Cu in the mniddle of the =ame testi-tube.
Heat Mg, Cu or Fe and glasswoocl sinuitaneously in thes test
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(f;
tubg. Steam comex into contact with the heated metal. ¥hen the

gas is given off, the collecting tube will be filled with it

and bubbkles will be ocbgerved in water.

ACTIVITIES AND OBJECTIVES AS WRITTEN ON THE CHALEBOARD.

. Observe what huppens'#%en retals react with water.

. State or name metals that can react with cold watsr. '
. Order them according to increasing activity.

. Name metals that :éact with hot water.

. Arrange metals in (4) in order of inereasing activity.

& o b W N e

. Kame the metals that react with stesn.
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APPENDIX C

EXPERIMENT 3 — DEMONSTRATION METHOD

i

. |
TéTLE: REACTION OF HON-METALS AND OXYGEN

QPP&RATﬂS:fGas Jjar, deflagrating kﬁann and bunsen burner
 PROCEDURE:

1. Put a piece of phosphorus in a deflagrating spoon and’ioﬁe;

r

it into 2 gas 5ar £illed with oxygen éﬁd 19 ml of water,
2. Repeat this expefi@{;t with pikces of.sulphux'an? carbon by
first hpating thenm iﬁ sepﬁrat& deflasratins spoogs until
they ignite or gluw and t™en lowering them in sep#rﬁte .
ﬂoxygen-filled ggé Jjars. | : )
Y ¢ ' " H o

ACT&VITIES AND OBJECTIVES AS WRITTEN ON THE CHALEBOARD.

1. Observe whﬁ% is happening in each instance.
2. Arrange non-metals in order of increasing aetivity ®ith

oxygen. - S

3. Check whether the oxide is acidic or basic.
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,° APPENDIX D

TEST 1 - REACTION OF METALS AND OXYGEN

A magnesium ribbon was heated in the presence of oxygend

supplied from tﬁe}pylindex, and the prodd@t fefﬁed Wasg mixed

¢ -t

/i

with water ia a gas Jjar.

%

5 ' i ¥
1. What is observed when magnesium is heated in a gaz jar of

oxygen ? (2)

2. What heppens to the red litmus paper when dipped into the
solunticon in & Jar 7 (2)
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3. Write a balanced resction eguation when magnesiun reacts

with oxygen. (5?

4. What is the name of the. pruduct ? (2> o ﬁ” o b

5;”Hr1te a balanced raaetian aquatzon of tie product in’ 1t !
reachiry with wat\r. (3) : | _M' U
B, Consider these metals copper, nagne31un, vw%cauu and iron. _
(i) Arrangs these metals in urder of 1ncre#¢,ﬁg aetiv1ty w1th:3¥

exygan. (4) . "

)

(ii) Is the oxide of calclun acxd:c ar basic ? (2}

7. Write out the Yormuls of potassium oxide. (2) TOTAL. (223 .
A ’ ﬂl' v o
‘SOLUTION L E
;-'; i 3 ) ) ’

1. Hagnesium reacts easily and £0rns_a white prodnet.

2. It turns from red to blue.

3- 2 HE + q- _____ > z Hgﬁ I“*-_\' o ‘\.:.;l .

i %
4. Magnesiuvm oxide. . '
5. Mg0 + H,0 ————- > Mg(OH),
8. (i) Copper < iron < magnesium < calcium.;
(1i) Basic
7. K,0
87



APPENDIX E .

TEST 2 - REACTION OF METALS WITH WATER.
1. Consider these ﬁéfﬁlsﬁ,sodiﬁn, nagnesium, éaloiun and iron.
~ (a) Name the'ﬁetal or nétals that can resct wiﬁh: o
(1) .cold water only (ii) hot water only (iii) steem only (8)
: (ﬁ} Which metal re#éts most vigoronsly with water 2 (2)
{c) Which metal is lemst reactive with water ?  (2)
2. Write a balanced reaction equation of salcinm and water. (5)
- 3. How do you test a gas that is liberated when netals react
with water 7 (3) i
4, Name the gas liberated in (3). (2)
5, Arrange the hydroxides of calcium, magnesium and sodium
in order of increasing pH values, (3)

. TOTAL= 23

© SOLUTION
1. (a) (i) sodiuvm and calciunm |

(ii) magnesiuvii
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(iii) irey

(b} sodi.?m

{e) irq{;f? - _

. Ca I//z B,0 ----> Ca (OH), + H, |

. Bv“}ringing a burning stick or mateh to the mouth of
reagtién vessel: if there 1s an explosive sound a gas is.
released.

. Hydrogen.

. Magnesium < calcium < scdiunm.

‘ i

f
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APPENDIX F
‘ ‘k X
.! . R I'.'.‘I.‘"I‘ ,,I..‘ N

TEST 3 - REACTION OF 'NON-HETALS &Y, ':fyéEN

h g™

_'o] psi:\-aofuf.-s

1. ¥rite a balanced réaction equation of phosphorus and
oxygen. (B)

What im thé name of the product in (1) 2 2)

. Is the oxide acidic or basic ? (1)

What can bz done to confirm your answer in (3) 7 (4)

I 7

. ¥hy i® it necessary to keep white phosphorus under water?(2)
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“ﬁ)

B. Arfange the following elements: phosphorus, carbon and
sulphur in order of increasing activity with oxygen. (3)
7. Yhat iz the qalour of the flame formed when oxygen reacts
with (i) carbon
1) phosphorus (4)
| TOTAL [ 22 J

SOLUTION
. 4P +50-—> 2P0

M et

. ?hasphogus pentoxide If

3. Aeidic

4. Dip a blue litmus paper into an ag/ dous sclution of the
0% and when it Qhﬁnges ta be piniish colour it means that
the solution is meidie, |

5. It reacts very fast when it comes into contact with oxygen.

6. Carbon < sulphur < phosphorus. | o |

]

7. (1) red (ii) bright (white vapour) /*
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RESULTS FOR TEST 1 (Metals snd oxygen)

APPENDIX. G

e - - — i - - -

——

PUPIL |  GROUPA |  GROUP C |
' No. | DEHONSTRATION |  VIDEO ! BOARD
-

1.0 12 {13 L 12
2. ! 18 : 10 8/
3. 1z : 3 ¢ s
PR 8 {8 r13
5. P 18 { 2 P14
8. {7 T {8
7. 0§ 7 : 8 1 11
8. 1 5 = 4 14

e 1 8 ! & P

C1e v 1 ! 3 P8
1. | 6 L 4 L8
12, | g : 5 {8
13. | 8 : 8 P2
4. | 8 | 8 P 12
2 S 138 ! a1 | 124
.

B2




e |  APPENDIX H

RESULTS FOR TEST 2 ( Metals and water)
PUPTL |  GROUP B { GROUP A ! GROUP C !
No. | DEMONSTRATION ! VIDEO !  BOARD

1. 1 15 ! 20 ! 18 !
oz, 20 {18 : 13 !
3. | 13 ot 20 ! 1z
4. 12 115 ! 20 ;
5. 4 15 ' 22 ! 20 '
8. | 8 { 8 ! 14 :
7 ! 15 H 12 ] 8 E
8, | 15 t 17 } 11 !
8. ! 12 113 ! B {
10. | 8 115 ! 8 !
11, Y 7 P13 ' 11 :
12. | 9 1 14 ' 4 |
13. | 9 ! 1 z 4 !
14, 12 : 7 : 5 :
ox 168 b 188 ' 154 !
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e

APPENDIX I

RESGLTS FOR TEST 3 ( Non-metals and oxygen)
CPUPIL |  GROUPC | GROUP B | GROUP A |
. No. | DEMONSTRATION | . VIDEO '§ BOARD !
.1 17 : 17 7 8
2. | 1¢ | 10 ! 6 !
3. 1 ! 7 117 !
4. 15 : 2 : 12 |
5. 9 : 7 1 11
5. | 3 o8 L8
9. 8 s 1 11 i
8. | 8 i 7 | 16 |
9. 8 ! B P 14 |
10. ' 5 ! 7T g !
11, 6 ! 7. 9 i
12. s 7 ! 7 1 13 !
13. : 9 : 2 : 10 !
4. 2 8 1 8
b S 113 ! 104 f 161 |
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APPENDIX J
1 Hhen B eonuentrated nitriec acld iz poured into s flask
‘containing & few copper turnmngs a blue-green salutlon forms

in thg}flask and brown fumes are glven off.

(a) What substanue causes the blue-green colour in the flask ”
(b) ¥hat is the brown funlng gas that is given nff T (2) '
If & nore dilute solution of nltrle acid is sdded to the flask,
instead of concentrated acid, a colourless gas is given off =and
brown fumes oniy eppear at the mouth of the flask.
{e¢) ¥rite down balanced chemical equations_to ahow:

{i) the reaction which forws & ¢ lourless gas. (4)

{ii) why brown fumes form at the mouth of the flask ? (3)
H { March 1981, second paper)
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o . i i

2 Chlor%ns gas ean be prepared in the laboratory by raaetlns
conuantrated hydrochmﬂr1c acid w;th nsnganese dioxide.
{2) Brif down the halanced reactimn equation for
“this feaction. 4> _
{b) Sketah the apparatus, as set up, that one should use to
prepare and eol¢ect a small anounh of the gas. .(5)
{ec} Why must this ‘experizment be dona in a, fune cupboard ? (2) °
(d) ﬁhat ig tha ealour of the gas tha ‘3 collected 7 (2)

I

{ June 1991 sa)ond paper)

==l froen ,,}g...wker |

3. - &€
. . Frmrin nrmﬁ!ub'l

—_plater

< - - e |

in thzs experiment H,S and quare bubbled slnultnneouslv

thraugh water A precipitate is formed.

3.1 What w111 be observed in the beaker ? What is the
precipitate that is formed ? (2)
3.2 Name the oxidising agent. (2)
B8 |



3.3 Hhip§ $ubstance is reduced ? (2)

3.4 Give a balanced equation for the resction that oceurs. i?}

o
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. TEST 1

AEPxnp;x K

- Metals and g_xygén" D

PUPIL | GROUP A | GROUE.C™ | GROUE.B |
No. IDEMONSTRATION! VIDEO =~ .} BOARD |
wer L1 T L O t T {0 T

Marks oV a4 8 14 MR |
1.1 2z (10 ¢ -5 16 5 3 73

2. 1 % Y131 4 t B8 1 1 i 5

3. v 5 171 2 11 1 2| 7|
&. 1 5 {8 4 3 1 5 i 3 118 }

5. 4 7 {11 1 1 f 1 { 5 { 8 |
6. 3 3 | 4<f 13 8 § 2 { 8 |
7.4 8 1 4 1 513 {41 7}
8. ¢+ 8 1 21 1138 {2 2}

8. 1 3 { 5 f 2 {8 { 4.4 8 i
10. 1 5 84 o ! ¥Ntz | & !
M. 03 18t 14 8 payo7oy
2. 1 3 1 51 114 {5 { &
3. 4 3 t 51 41 4 12 i 01
4. } 8 4 8 1 4} 4 1} 3| 8}
T s e7 s 57 a2 s
‘X 13,84 16,21} 2,43 | 4,07 | 3,0 ! 5,86 |
x¥ {455 144,4 | 30,4 | 28,1 137,5 | 41.8 |

B8



 APPENDIX L

TﬁST 2 Hetal a_mci water _
PUPIL .{. GROUPB | GROUP A | GROUPC |  _ .
No. | DEHONSTRATION { VIDEO | BOARD | u
e | 0 1T | i“_'o- e T 106 !oT 1
Marks 12 SO & U | SR & W [ NP, & N
1.1 8 t 8 1 8 {11} 8 { 10 !
2. 1 10 i 0 31 1 81 8 ! 4
3..1 & { -5 1710 110} 81 & !
4.+ 7?7 1 5 % 11 r 4 ! 11 1 8 |
5. { 8 1 7 1 12 110 { 10 | 10 |
§. 1 3 ! 3 1 5 1 3.1 8 1 8 I
7. 4 8 1 7T 4 5 1 ¢t} .8 2z
8. { 6 ! 71 B 1-9 i 5 { 8 i
9. § 3 | 8 i B8} T { 2 i 44
10. 1 4 3 4 {1 5 110 % 4 1 4 !
1.} 4 1 34 & { 7} 41 7T %
2.+ 7T { 2t s {81 2§ 21
3. 7 4 2t 0% 11 2z} 2
4. 1 8.} 4 7 3 5 44 21 31
} ix 9;"“ 74 &6 105__ :37 _—_—~7.;_~~

¥ | 8,71} 5,28!86,8 |7,14 | 5,5 | 5,5}
x% ! 55,9 | 48,1 ] 57,1 164,9 ! 45,8 ! 50,0}

- i e e —— —r— e
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- APPENDIX M

TEST 3 Non-metals and oxygen
POPIL | GROUP C | GROUP B | GROUP & |
No. ;| DEMONSTRATION | VIDEC | = BOARD |
W10 T Lot Tt lT o
- - S iz, .ﬁ N7 T« S
1.4 08 1 14 11181 2 {7 |
ﬁ:z} L1413 40§10 § 1} 5 %
3. 1 6 f 1 ) 1181 4} 13 %
&. 1 3 § 12 104 2 10§ 12 |
500 5 1 4 18 17T f 4t 18 |
6. 1 o { 3 |} 1 ¢ 7 {1 1°8.,|
7.1 1 4 8 1 6} s 1 2 t’: |
8. 1 1 7 1 0 4 7 i 1} ”15 8
&t 1.t 7 1 1 1 54 1} 13
.01 1t & 10} 7 4 1.4 8 i
1. 3 1 5 t t i 8t 11}8 {
12 1 1t 8 t ot 7 {112 1,
3. 1 1 8 ! 11111t 8 !
4. 1 1 4 1 L 107118
“TEx 20 23 AR A 21 140

T 11,48 | 6,64 } 0,5 15,93 |
2% 1 28,6 | 39,1 110,0 140,8 |

1,50 | 10,00}
30,0 | 58,8 |
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