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FOREWCRD

Wheni the International Union of Pure and ipplied chemistry
(IUPAC) established in 1965 a Committee on the Teachingz of Chemistry,
orie of the first tasks of this Committes was to review major areas of
chemical education and decide on priorities for action. It was
quickly agreed that examinations in chemistry play a major part in
determining how the subjeet is taught and that if new approaches to
teaching chemistry were desired, then one way of bringing this about
would be to change the type of guestions asked in public and internal
examinations,

Accordingly the IUPAC Comcittee on the teaching of Chemistry
invited Mr. J.0. Mathewe (I'.K.) to prepare a report on "the =ffect of
Fxaminations in Determining Chewistry Curricula up to University Level®
which was published in Pure and Applied Chemistry by Butterworths in
1967. This Report was mainly a comparative survey of selected coun-
tries in Burope together with U.S.A. and Japan.

Supsequently a report was submitted to the IUPAC Committee on
similar problems viewed from the practice in France and countries in
Southern Hurope, whose educational systems and examination procedures
are somewhat different from Vestern Surope and the U.5.A. This report
has not yet been published,

The Report thsait follows in this booklet describes the proceedings
and conclusions of an international workshop held in Ceylon in August,
1968, which was convened by IUPAC as a follow-up to the original
Mathews Report. The Workshop was under the Chailrmanship of Professor
H.F. Halliwell (U.K.), who has had wide experience in chemical educa-—
tion throughout the world, and the Secretary to the Workshop was Mr, L.G.
Chisman, Secretary of IUPAC Committee on the Teaching of Chemistry.

Mr, J.C. Mathews himself was among the ten participants from outside
Ceylon.

The Workshop was held in Ceylon at the invitatiom of the Ceylonese
Ministry of Mducation and was timed to follow a seminar on evaluation
and curriculum development sponsored by the Ministry of Eduecation in
Ceylon, the British Ministry of Oversess Development and British Council
which wag under the direction of Mr, J.C. Mathews. The IUPAC Committee
on the Teaching of Chemistry were pleased to have this opportunity of
arranging a Workshop in Ceylon on this topic since the progress made by
the Ceylon Ministry of Education in revising chemistry curricula and
changing the whole approach to examining in chemistry is very consaiderable
indeed., They were alsc pleased to be able to collaborate with UNESCO in
the joint sponsorship of the Workshop on this occasion since UNESCO!'s
Chemistry Pilot Project in Asia has been involved with similar problens
of evaluation. In particular the UNES& Study Group in Ceylon, asscciated
with the Pilot Project was involved in the Workshop. ‘
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INTRODUCTION

In order to communicate clearly and effectively in any
systematic activity it becomes necessary to develop concepts
and at the same time to evolve symboliem and technical terms
which carry specific and unambiguous mesaning.

Chemistry as a subject provides a good example of the
need to develop such concepts with associated symbolisms and
technical terminoclogy. The emergence of chemical, symbolic
nomenclature in the early 19th century contributed signifi-~
cantly to the growth of chémistry. In recent years, the
gtudy of orgenic reaction mechanism and the concepts. evolved
for its interpretation and communication provides a further
example,

In the field of curriculum development and assessment
the use of specialised terminology and symbolism, such as
content objectives, behavioural objectivea, tables of speci-
fications, reliability coefficient, difficulty indices and
discriminetion coefficients, 111ustrate an analogous phase of
professional activity.

In this report terms that are commonly used in curricu-
lum development have been included, and there is a glosaary
of such terms for those new to this field. It is suggested,
however, that thaae ochemists and a&ministrators who are Now

of chem1sts currlcula ‘should became sensitive to the concepts
involved and familiar in the use of related aymbolism and
terminology. This will lead not only to an enhanced lucidity
in communication among professional workers but will also pro-
vide for an accelerated development of chemiocal education
iteelf.

Before the aspecific problems of evaluation of chemiatry
curricula can be considered it is necessary to place chemistry
in perspective within an educational system, to reflect on the
aims and objectives of education as & whole and the part that
chemistry as a subject can play in achieving such aims. Thus
the report that follows is concerned not only with the design,
construction and administration of chemistry examinations and
evaluation of chemistry curricula but with the whole inter-
releted problem of eurrlculum change within an educational
system.
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I THE MAIN REPORT

1. Aims and Objectives of Education through Chemistry

"he aims end shjectives of an educational system may be
regarded as part of a cyclic process of currioculum development
as indicated in Figure 1.

Objectives may be seen and understood differently by puplls,
teachers, curriculum designers and policy makers. Since this
report is concerned essentially with evalustion, objectives will
be considered mainly from the point of view of those inveolved in
curriculum assessment. In this context it is possible to out-
line broad claasifications of objectives and thie may be prefer-
able to listing detailed objectives. Such amplification in any
case must relate to the pupils for whom the curriculum is inten-
ded and adjusted to the conditions prevailing in a particular
society.

Objectives may bhe broadly classsified in two divieions -
content objectives and behavioural objectives.

The content objectives will vary with time and place as
the subject develops and grows. The design of chemistiry
courses will have to reflect this change and the content
should include carefully selected themes from chemistry to
enable pupils to. acquire an ordered view of nature and
materigls, it should elso give pupils an appreciation of
chemistry in everyday life, indicate the results of the appli-
cation of chemistry to technology, agriculture and medicine,
and show the relationship of chemistry to other sciences and
culture. These themes must be treated in such a way as to
give some awareness of the role of chemistry in terms of
individual and social needs and of the scientific approach to
problems,. .

The behavioural objectives relate to changes which chem-
istry teaching seeks to achieve in pupils' skills, attitudes
and knowledge. Thege changes will be brought about primarily
through pupil participation in experimental work leading to the
development of three aspects of learning. First, the ability
to use simple apparatus to observe changes in materials. in
chemical reactions and to record such changes in a meaningful
way. Secondly, the ability to recall, classify and interpret
information and experiences, to devise appropriate schemes for
solving a practical problem, to apply previcus understanding
to new situations and to report and comment on matters of

8
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chemical interest. Thirdly, to develop an interest and involve-
ment in the subject and to gain satisfaction from it, leading to
en appreciation of its value.

Both the content and béhavioural objectives of teaching
ochemistry need %0 be precissly steted in operstional terms and
will need to be modified accordingly when chemistry is consid-
ered as part of general science as distinet from a separate
subjeoct. They must, however, seek to establish securely in
students the desire and capacity to learn throughout life.

Interpretation in Ceylon

The following examples illustrate the way in which the
objectives outlined above have been interpreted in the educa-
tional system in Ceylon and conveyed to teachers, examiners and
pupils. :

a) Objectives for Teschers and Exeminers

7 In this analysis objectives mre classified using a modi-
fied form of "The Taxonomy of Educational Objectives"™ designed:
by Bloom et aul,(see bibliography). : : '

. A Table of Specifications (see Part II - Supporting Evid-
ence, 1) listing the varicus items of the chemisiry gyliabus

and analysing the guestions set on each item is used to show how
the following different objectives are tested in the examination.

(1) Recall: involves test items requiring a response util-
ising primarily the recall of speocific parts, terminology,
. conversstions, trends, clasasification oriteris, method-
ology, principles, generslisations, theories, etc.

(ii) Comprehengion: test items in this category demand a
" Tesponse reguiring more than simple recall. An element
of understanding is required and this may be of the
following tynes:
- translation of mathematical verbal material into
symbolic statements and vice versa,

- interpretation of dsta, statements (including simple
explanations, summaries, ete.), :

- sxtrapal&ticn-from data, statements (i.e. extension .
of trends beyond the given deta, determination of
effacts, corollaries, ete.).

(ii1i) Application: includes reaponses involving the application
of abstractions in specific cases. The abstractions may
be in the form of general ideas, rules of procedure,.
general methods, technigues, theories, eiq.

A subdivision of %his objective (iii) involves galculation.

253
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(iv) Analysis, synthesis and evaluation: includes items
testing recognition of explicit and implicit rela-
tionships, structure; recognition of unstated
assumptions; discriminations of facts from hypo-
theses; organisation of ideas, ststements, dataj;
design of simple experiments; recognition of
logical accuracy, consistency; comparison of
theories and generalisations. '

b) Insjggétions to Schools: O-level Chemistry Examinations

In the introductory notes to the new O-level chemistry
syllabus (see bibliography) candidates are -informed that there
will be two papers - one of three guarters of an hour duration
consisting of short answer questions carrying 40% of the marks,
the other of two hour duration. They are also advised that
in their answers they will be expected to give evidence of:

(i) An understanding of the facts, prineciples and theories of
elementary chemistry. ' '

(1i) An appreciation and an understanding of the relevance of
elementary chemical facts, principles and theories to
everyday life.

(iii) A simple appreciation and an understanding of the methods
of experimental science as applied. in elementary chemistiry.

(iv) A familiarity with simple apparatus and ‘experimental work.
(The possibility of using simple materials, other than
standard laboratory apparatus, to perform experiments,
should be recogniszed. Teachers are advised to use such
materials wherever they are relevant.)

2, The Function of Examinstions in Chemistry
in an Educational System

As outlined in the previous chapter the process of ocurri-
gulum development may be regarded in a cyclic manner (Fig. 1).
Having formulated aims and objectives, appropriate action is.
required to achieve theae goals. In turn aesessment is used to
determine to what extent and how successfully the aims and
objectives have been achieved and to adjust both the objeatives
and action if necessary.

Thus exeminations as one means of sasessment play a
powerful and somewhat complex role in the development of an
educational system. In various systems examinatione in chem-
istry are currently being used for asome or all gf the following

e ot B et
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purposes. Is is unlixely, however, that any one examimnation
would be valid for all the purposes listed,.

o

The first three purposcss listed are directed at the pupils;
the remsincder sre animed ot the educational system as a whole.

In & well established system the main purposes of examinations
may. be simply the first thres, but in & developing system the
other purposes can ve of grest importance in providing data on
wihich Judgmsnis end adjusiments can be made. In particular
(vi) end (viii) can have a major formative influence on teach-
ing and lesrning. .

T b

(1} To test achievamezat of pupils.
(ii) %o indicate potentizl of pupils.

(1ii) 4s a melection instrument for higher education or
enployment. i :

{(iv) To assess effcotiveness of teaching,
(v) %o diagnose pupils! difficulties.

(vi) %o atimulate and modify tesching and learning methods
znd ettitudes.

(vii) To modify future examinaticns.

(viii) To spell out the objectives and content of the curriculum
in eperational and specific terms. '

- {ix} To sct as o sensitive and rapld steering system to
edjust decision meking at the aims and objectives level.

(x) To reflect guantitatively the characteristices of an.
educationsl environment.

{xi) To locese constraints in an educational systenm.

Examinations in Ceylon

Chemistry examinatioms in the Ceyloh edueationalvsygtem
" are¢ used for all the purpuses listed above in the following way.

The Ceylon G.C.E. !0! and 'A' level examinations are used
as nchievement tests and also for selection purposes ( (i) and
(iii) ). In the stsence of suitable I.Q. or aptitude tests
the G.C.E. exasmination in science, mathematics and first lang-
uage is nlso used for predicting the potential of pupils ( (i1) )
ueing correlations from the G.C.E. National Siratified Random

Semple Data (see Part III --Background Papers 2 a;dri)av
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; ikewize sp2eific points
wre wvesd for dlagnostic parposes
vpilo! difficultic: and to suggest

and new ackiing seguunces, in-gervice train-
ing courses sre eimed at specific areas of the syllabus as a
corrective to weaknemses brought to light in the dmta.

mos in the examinsticons in
cenanges in the teaching
the vld syllabus was mede

1A% Len siructures and alasce objec-
tives svch as appll ciysis end synthesis (see Part III -
Baskground Paper 2} » initroduced, This period of change
made it poesible to introduce & major curriculum and examination
reform in 1965, ahion/ in the desig. and moderation
of chernistry exam { (vii}) ) are brought about by refer-~
ence to tha Nationsi 1tified Ran-om Sample. The teaschers
snd pupilis may vefer rhoiype paper and marking schemes
akttached to the now nd teaching schemes 1in order to
become completaly fa with thz cbjectives and content of
the curriculem im : torims ( (viii) ).

Dariag
chemigiry we
( {vi)} .

pegsible by chang

The way in which an examination can be used &s a sensitive
and rapyid stedring ilwmsicusent ( (iw) ) 4o sssist policy making
may be exemplified by the problem feeing Ceylon in the mid-
1960s in the wish to extend science teaching freilities in
rural gress bubt with a esevere linit on the number of university
acience graduzba lsnchers availabls, Ordinary trained (non-
graduats ) teschers were availsble and some were teaching at |
G.C.E. 'CF level but doubt on their suitability for such work
was widely expressed. Pota from the Fational Stratified Random
Sample for Decanmber 1955 and 1966 were stundied end it was shown
that these doubts wsre not reflectad in the achievemont of
pupils. Thus, in thig specific centext, the continued deploy-
ment of non-graduete teschaers st this level was regarded as
permissible a5 an cuergonay maasure.

Data from the G.C.%K. 0! guxspinstions 1952—1958 were used

to demounstrate the quantitative relationship of performance with ;
.educational environment and the more recent deta from the - :
¥ational Random Stratified Srmple ore being wsed to measure :
censtraints on the vdycstional sysiem such as urban/rural :
differences, socio~ecoromic vnd adueational status of parents, '
as well a&s tescher guelification and experience ( (x) and.(xis ). !
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3. Administrative and Teaching Action Necessary
to Achieve Cbjegtives

A, Phase 1 - Implementation: Designer/Teacher

Although the same person may be funectioning in different
roles as curriculum designer, examiner and teacher 1t is emsier
to separate these roles for convenience and conceptual purposes.

There may be several intermediasry links between curriculum
designer and teacher, depending on the particular situation,
type and size of the educational system but, direct or indirect,
interactions between designer and teacher are most important.

Having stated the aims and objectives of the chemistry
programme the implementation will depend on three principal
factors - demographic, economic and social. Demographic fac-
tors will include, among others, numbers of schoocls and
teachers, thelr rates of increase and pattern of distribution.
Beonomic factors will include the national financial commit-
ment to educetion, priority needs of secientific wanpower at all
levels, availability of additional resources from outside the
country and supply of science equipment. Sccial factors will
include societal attitudes to chemistry and ita applications,
readiness of the teaching profession for change, and patterns
of authority and leadership at different levels. :

‘The phasing and rate of implementation of change will be
dependent on these factors. But the aucceéssaful implementation
of any programme will slso depend on the effectiveness of
communication between designer and teacher which will need to be
clear, unambiguous and appropriate to the level and background
of those concerned. Channels of communication should be
established, if not slready in existence, and developed to com-
prise & set of clearly specified operations. Since neo commu-
nication system will function with complete efficierncy it will
be necessary to provice assistance and guidance in interpreta-
tion for teachers.

Concurrvnt with the establishment of effective communica-
tion between designer and teacher there ghould be administrative
action to allocate resources for implementation.  Among these
will be additional teaching staff, in-service training facilities, .
guide lines for teachers, textual materials, specificationa of ' ;
examinations mnd above all, time., - Only when thiz management i
action haa been taken can the second phase of implementation -
teacher/pupil change - be initiated. '
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B. Fhese ZV—‘lgplcmgnﬁggégnz Wosoher/Pupil

The ﬁeamhar hesomes ewere of the alms, ebjectives gnd
gontent of & new chemistxy programnme through sylladuses,
teachers! guides end schemeus of work, pre- &nd in-service
traeining courcus, exzmination papsre and work schemes, aid
textual or other resourocs moterial. It is assumed that the
temchar is resscnahly compotent in the subjeoct motter and in
the normal way 1z woenld preperc lesmon plens designed to imple-
ment the objasiive nrd contznt of the new CoOurse. It im also
assumed that hz haz epproprlste -orking spoee nud facilities
for teaching chonlsiry..

In preseniing bis motorisal the jencher uses oral communica-
tion, textuanl matzricls, demonatrations, visual aids, pupil
inveatigation, discumainur; cieps and home oxsrciaes, axtra
curricula sctivities (ouok &9 poience olubs, projects and viaita.
to cutside laborsicrics eud Faniorica) end exsminations. '
Examinations cemprice gue.tlon/answer tocknique in. the ordinary
lesson, periodic tests end any fine)l ezaaination. These all
provide lesarning citnzbions and mey be used to diegnose pupils’
difficulties and i nedify teanhing pethods. Yoreover they may
be used tc apsess how effestively the objectives havé been
achieved.

Implementebicn in Goylen

Implemenietion ol new chemistey ovrricula in the Ceylon
system hes bosn effscied by dobeiled schemes of work for teachers.
These not. only listed ine usnal itoms in. the syllabus but gave

teeching outcimos fer cach pooticn, suggested tesching procedures,

experimonte ond sebivisies for pupile cnd also highlighted prob-
lens of mosivatiun, Loth: for pupil and tencher, at appropriate
points., Another initerzstiog papset is thae home aotivities
which pupils ars cuesuragnd Le undertake - through the. provision
of eimple apparatun ond chomienls where RGCeBBLLY - not only to
familiarise them with sitveiions in avaryday life in which

chemistry plays a pard, but alegs to aseist direot transfer of

olassroom leawning to evexyday life.

: Asaist&nca‘gnd:guidgnca to temchers are given through
wéekend study circles and vecation coursés. Supervision ol
such assistance ia providaed by the Bervice pupervisory staff in

.congultation with the curziculum design staff qf the Ministry of

Education. .
| iﬁﬁiﬁﬁgr detsils of the sdministrative and temching action

oarried out in Ceylen to achieve objectives of the chemistry
programme are given in Fert I1 - Supporting-Evidence.

13
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4. Planning an kxamination Soheme

A, Intraduction

_ . Before an examination schems is planned it is essential

to know the purpose of the examination, - - Various ways in which
examinations in ohemisiry &re being ueed are given in Chapter 2
but: each country will have to decide within its own educational
system which of these purposes are intended and this inferma- .

tion pmuat be submiited to the examinsers. '

"It is also important to have information on. the character-
istics of the student population for which the examinstion is
intended. These charscteristios will inolude sge groups of
students, length of achooling and other relevaat soocio-economic
and eduoationel faetors. They will also include the pattern
of . previoua assessments besed on eerlier examinations and

evaluation procedures.

B, Information required by the examiner

. Effeoctive exemining always used to be and often still is

- the inspired and intuitive work of successful teschers. How-

ever, in recent years, concepis and techniques have smorged
whioh permit proféssional educaticnists to work on curriculus
design and evaluation, expcsing some of the weaknesses of
earlier methods of examining. This has enabléd the diverae

-experiences of professional curriculum designers and teacher

exanirers to reinforce each other leading to new concepts of
exapination construction and assesament. ' C

: "In erder to deaign ean examination it is easential for the
excwminer to have some basio information frow the instractional
staff or from those who have designed the curriculum. In .
sddition to the broad purposes of the examination apd the. .
characteristior of the student population (mentioned in Section
A above) the examiner must know the content of the curriculum
and the pupil activitiea involved. : :

.+ -Gne way Of presenting course adntent is by means of &
written syllabus organised so ap to indicate mejor topics .and-

,sub=topics. There should be some clesr indiocation in the
syllabus on the importence and emphasis, as well as the time-

that has been devoted to the major segments of this course.
The content specifioation should indiocate the basic material
required: of all pupils and the alternate or optional material inm

" the course.-

In sddition to specifications of content, it will be
necessary to indicate the levels of attainment expected of the
pupila. = In particular, it willnbgggacassary'to'spﬂoify in |

16
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rezpect of each area of the cantant the level of behavioural
cohievenant erxpeoted (cognitive, paycho-motor and affective
factore ars the usually aoccepted technicsl terms in this
context (see glcosary).

Furtbernare, relevant and pertinent ‘information can be
glvon by describxng the teaching procesdure and activities to
thichk -the pupils kmve bsen sxyogad 4o achieve the objeativea.

It i3 & growing practiaa in the planning of an examina-
tian scheme  to relate the content objectives, behavioural
ohjectivaﬁ and teasching activities, in & variaty of =mays.
Tho zost conmon way by whioh this speqificatien ip achieved
ie by meuzns of ¢ two~dimensional grid, examples of  which are
gavan in Pexrt IT - Sepporting Evidences, 1, 3 and 4.

: C.' Avrilgbla forms of aosessment

Theore are turea bread aatagoriea of aasﬁaament:

(i) Internal ﬂmsegsmant by teaehera, which is an integral
: part of t&achiag. :

(11) Assoosment by an oxternal bedy. This ie essentially a
texainal process to ascess atitcinment at the end af a
QOuUTL%. !

(iii) Aaaaaa&aat in uhieh a fermingl nsseaanant sdminiatered
" by an extaernal bedy is combined with an assesgment made
by the teasher. : ,

Ma ﬁaahnicu@a of assogsment in nll these oategarias m&y
be & writien exomination, on oral teat, a practical examination
breed. on written avidunce or direot observation of pupils!'
eotivitica. Voriouvs ce&binatiuns of these tecshnigues are
popeible.. - .

D.. Tha ayrropeints use of vaxious forms offa:&mination
(B?é 190 Lors ILL - Baekgreuni Pnpara,

(1) Written . ex&mimatiunn differ widely.in form. Ome type of
question is called fized response, that is & guestion in
vhich the emndiaate has  $o ﬂhanne bgt-u-n L L iatarninid
'raap&nsas, Saet

- ¥hen a v&ighed piecs af magnasium is cnaplctnly
“purned in air, whinh one ar *he fpllnuing is
obtained?
(1) A bleck posﬁer whoee weight is grester ‘han
thet of mognesium,
(ii) A black powder whose weight is 1::5 th-n
that- of tha magnemiﬁn.
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(1ii) A white powder whose weight is grester than
that of the magnesium.

(iv) A white powder whose weight is less than
that of the magnesium.

4 pecond type of question is the single open-cended ques-
tion to which candidates have to give a short answer
having been determined by the examiner and included in
the mark scheme, e.g.t

Name two subatances in the Ceylon home that are
used as fuels. Give one instance where a ligquid
fuel is used a8 & solvent in the home. sState
whether the solute you have mentioned in your
example has undergone a physical or & chemical
change.

Give one reason 1o support your conclusion.

A third itype may be called structured guestions. In these
the examiner has predetermined in detail the structure of
the answers he expects and the guestion is divided into
parts that correspond to thaese answers. In other words

& single complex situation is bhroken down into a set of
open-ended guestions all requiring short anzwers, e.g.:

In an experiment 30 ml of chloroform is shaken with
30 ml of NH /H 0 of strengthg {(a) 1M. (b) .9M.

(c¢) .8m (d) .M. (e) .6M. in’'a coniocal flask
as shown in the diagram. -

The mixtures were allowed to stand for 5 minutes

and analysed to find out the amounts of HEE in the
two leyers.

(1) What liguid is in layer A?
What liquid!is in layer BY '

FRIC D 18"




FIILMED FROM BEST AVAILABLE COPY

-~ 13 -

(2) How would you ¢btain 10 ml of layer B
without using s pipette? You should
drew a diagram if it will meke your
answer clearer.

(3) How would you show that layer B contained
ammonia?

(4) What might happen if a solution of
amwonia in chloroform was shaken with
© pure water?

(5) Whet might happen if a solution of
ammonia in water was sheken with &
sglutioz of asmpmonia in chloroform?

Mark Scheme

(1) & - water (1)
" B - ehloroform {1)

(2) Use burette (2)

, Technique (3) o

(3) Any moist (1) indicator (1) showing colour
change (1) .

(4) Movement of ammonia from chloroform into
water (2) : .

{5) Movement of ammornia from chloroform to

: water (1)
Wetep ——————> chloroform (1)
Porsibility of equilibrium (2)

Total « 15

‘A fourth category of guestion ise commanly called essay
gquesation. These guestiona usually require a fairly
long answer, not necessarily in. the form of a prose
essay singe other forms of sommunication - mathematics,
diagrame or notes - may be more appropriate. This
category wmay ve subdivided sccording to the method of
marking. If the answers sre marked by e finely struc-
tured mark scheme largely predetermined by the examiner
the smount of freedom of response ls less than if the
answer is marked by impression with s more general mark
scheme when the candidates have opportunities of sub-
mitting more divergent answers. E.g.t ’

A mixture of hydregen end nitrogen, left in a jar
for several days, at room temperature, shows no
appreciable amount of spponie. What special
resction conditions are used in the manufacture of
apmonia from hydrogen and nitrogen, to make the
production economical?  Give one advantage of
meking the mixture of gases flow through the
reaction chamber, rather than remain statioc.

13
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It is cbwig;z %F.g LY s wzomingr wisnes o candidate teo
apnswar in eTmi C way, whe fixed response and
structured gueet;on, mos%s useiul. If, however,
the examiner wiazhes ow the candidate ﬁore freedom
in answeling, tiie £ 3pon e guestions are more

appropriate.
It should b roted thev fixed response fegstas lend thex-
selves rmove ardily to fine specificatien of moast of

tha objec® 5, to pratesiing and data processing
technique:, periticuinriy .hat of gueation analysis,
snd the «wicker publiication of resulits.

They ellow a wide coverage of both content and objec-
tives and the maxk.ng of such tests is highly reliable
and recguirszs little skill. Exsemining bodies, however,
should think carefully about the possible effects of
adopting this form of absessment from motives of
adminisirative convenience alone, because there are
many educstional gqualities +that fixed response tesis
are unlikely to measurs,.

The "Easay" type questions, which are marked from =
detailed markiang scheme, require s special comment.
While apparently allowing free response to the candi-
date, in proctice the answer, if it is %o be success-
ful, must fit a deteiled response largely predetermined
by the examiner. it may seem that if an examiner has
elready structured the guestion in his ovn mind it
would be better to make thisg siructure explicit to the
candidates in the question rather than to ask the can-
didates to guess at the structurs.

{id) - Oral tests

In some countries much use is made of oral technigues as
part of a %otal assessment of achievement. This haa the
advantage, not only of teegting knowledge and understeanding,
but alse of allowing direct feadback from examiner to
candidatsy during the sxamination, so that it closely
_resembles a teaching-~learning situation, particularly in
chemistry, if it is associated with a practical task.

{#ii) Assepsment of practical work

The asaeggmcnt of skillse, abilities end attitudes in
practioal work reguires special mention.. The marking of
written evidence after a prastical exercise hes.obvious
defeotes =8 & neans of assessing the practical work of the
candiidate, Examiftars may wish to consider the use of &
direct observation technique for this purpose in the form

‘ , - 20
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of a continuous assessment of practical work by teachers.
It should be peinted out that this assessment involves
all three domains, cognitive and affective as well as
the psychomotor beshaviour.

There is some evidence to support the view that a pupil
uses abilities when he is cerrying out experimental work
which are, to some extent, distinct from those used in
non-practical situations, (4 suggested specifiecation of
these objectives is given in Part 11 - Supporting kvidence,
4, together with some information on the measurement of
practical ability by continuocus assessment, and a brief
discussion of the problem of moderating these sssessments. )

If, however, only the psychomotor dimension is to be
evaluated, there is muech experience in industry where the
evaluation of skills is extensive. :

B. The effect erdifferent forms of assessment on theitsaching/
learning situaticn ' .

The emphasis placed on the different techniques of assess-
ment differs between internal and external assessment. Assess-
ment within a school relies heavily on oral and other direct

sis is on written examinations and tests.

It is alsc apparent that in external exanminations there is
a general trend at present towards a more widespread use of
fixed response guestiions in objective tests (so called). This
trend towards a more rigid candidate-response in examinations
is in contrast to recent curriculum reform which .gives greater
freedom of response and initiative to the -pupils in their
lessons. . Taken. to their extreéme, these two trends are not
compatible, and the dangers in this situation can only be
countered by the use of more balanced forms of final assessment
in which more than one technique of assessment is used.

" If exawminations are,tczhafe the desired backwash effect on
education, the techniques used in examining must resemble those
used in teaching; o that if a teacher finds it necessary to
use more than one form of gquestioning the examiner should do
likewise. The use by an examiner of one technigue alone may
well lead to coaching in schools in this technique to the exclu-
sion of other, and egually desirable, forms of questioning -
between teacher and pupil.

. One obvious example of the effect of a.form of assesgment
on the teaching/learning situation is that of direct observation
of the pupil over a period of time. If this is carried out by
the teacher, and if the outcome is used as a part of the final
aspessment of the pupil, & change in the relationship between i

2

3;,, s
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pupil and teacher is almost inevitable. A pupil who knows
thet his teacher is also his sxaminer is bound to view his
teacher in & different light. Pnis change in relationship
may not be undcsirable, but it should not be ignored by those
who wish 1o introduce some form of continuous assessment which
will eubsequently be used by external authorities.

5, Administr&ticn and Lxecution of KExaminstions
in Chemistry

A, The sppointment of appropriate individuals to examination
Foards — - 7

If the examination is truly to be an instrument of wise edu-
cation, if it is to serve &s & means of assessment of educational
achievement and as a means of making adjustments to the educa-
tional process, then the composition and gqualificatiouns of
examiners and examination boards must be carefully considered.

An examiner or a moderation board member should possess, net
only long experience in teaching and high competence in his sub-~
ject field, but, more importantly, he should feel a strong moral
obligation of being open to new ideas and to innovations in the
educational process. He should consider the exsmination not
only as an instrument of performance but as a means for educa-
tional reform.

To sustain among examiners these positive attitudes of
openness and dedication to improvement, they should periodically
study their techniques in the light of the wide international
ferment in the field of ecurriculum development and sssessment.
In keeping with this self-criticsl spirit, several practical
steps can be recommended to examination boards: ~ :

(i) They should establish liaison with members of the scien-
tific and technological communities that education pro-
fesses to serve {for example, with doctors and health
officers, with engineers, with research scientists, with
industrial managers, etc.). -

(ii) They should maintein working contact with university
scientists and with science curriculum design groups
where these exist. ’

{iii) They should occasionally consult an international expert
on examination construction and use.

(iv) They should keep abreast of the growing specialised
literature on apsegsment and examinations in science.

a;;nngg
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The resasons for 8%ressing these pointe and recommending
these steps are that ir some countries - indeed in meny coun-
tries - the Examining Beards have cut themselves off from such
stimulation. 45 a result they tend to become a positive
blockage to innovation and a source of discouragement and
frustration to those who are striving for curriculum develop-
ment. This cen be particularly acute in the context of =a
rapidly developing scientific diseipline such as chemistry.

B. Sequence of operations

Having designed a plan and an organization, the examiner
is ready to construct and administer the exdmination. The '
general sequence of operations and the various forms which
each operation may take are described below.

The sequence of cperations may be common to all countries,
but the form of each operation is likely to vary from country
to country, depending upon their a2ims, resources and experience
in examining, : '

Figure 2 is an attempt to show the gequence and possible
forme of operation diagrammaticslly. The sequence of operaticn
is shown vertically and, for the pake of completeness, a con-
struction of the specificeation is included, although this has
already been discussed in a previous section.

The various formsa of operations availsble to an examination
organisation are shown horizontslly. Those who are about to
set up their own exeminations for the first time will need to .
choose which form of operation is most appropriate to them; for
convenient usage the forms of cperation are arranged from left
to right in order of increasing diffioulty. By their very
nature, the order reflects, in part, the historical development
of examination construction. It should be noted, however, that
& couniry need net evolve ite examination structure by passing
progressively through the sequence shown in Figure 2. Rather
it should choose that form.of operation which is most appropriste
to the present circumstances,
Po illustrate this point the development of operations in
chemistry examining in Ceylon over the past eight years is shown
in Figure 3, The reader may find it helpful to draw a similar
diagram for the examinaticn system in which he i1s interested.

c. Writing the guestions

The firet job of an examiner is to arrgﬁge for some ques-
tions to be written and the simplest way is for one or two chief
examiners to write them. For short mnswer and free response’

ERERNE RN
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gquestions this word guite well, although there ia
nlways a danx
likes and disl nf the axaminer.

If it is proposed to use fixed rasponse and structured
questions, however, exazining guthevities may find that the
use of ome or twe guestion writers will be effective for only
a short time. The econatruction of such questionsa requires
skill, experience and, sbove all, pleaty of time. And if
faod-beek from clessroom o exammination is to be attainsd, the
use of one or mors groups of guestion writexs, directly in
touch with tesching in schocls wecomes desirable. -

The trensition from the use of one or two question writers
to a group of question writers is at present taking place in
Ceylon, where the first step to bring about this change hes
been the treining of question writers. This was the aim of
an evaluation workshop conducted in Ceylon in Auguet 1968, s
report of which is given in Part III - Working Papers, 6.

This workshop is not prescnted as s model, but rather as an
example of one mttempt at the sort of training which is

necensary.

_ The seleation of question writers is an important part ol
the process of building up an exsmination. 1t should not be
taken for grented that because & person is a good chemist, or
a good teacher, or both, that he will necessarily be & good
writer of quegtians'for s chemistry exemination, It ia only.
by judging efforts in the agtual congtruction .of guestions that
good question writers cen be found; and, if it is thought that
examinations should reflect and encourage the desired objeot-,
ivea and approech to education in chemistry, then the mere the
writers are in tune with actual teaching situations the better.

_’I% cannot be denied that thé writing of fixed repponse and
structured questiocns is diffioult and time comsuming, and
writers before long may run out of ldeas. I% may . &ppear,
therefore, that the cxpenditure of good guestions year by year,
never to bs umed again, is wasteful. For this resson it iz &
 growing practice te colleet a pool, or bank, of questions, .
properly clamsified, whioh can be used when required, and '

. possibly used more than once. To extend this idea, there
seems no reason why en intérnational pool of questions at
various levels of chemistry should net be formed (it sheuld be
‘. noted that pre-teating, if required,. would have to be carried
out agein on an appropriate population). An intexnetional
pool of questions could greatly acuelerate the growth of exam-
ination eenstruction in developing countries. It muat be

pointed ont, however, that the formation of a pool ‘of questions
requires more eomplex syaiems of filing and security ‘than does
‘other forms of examining, and this should be borme in mind when
conpidaering the administrative reguirements of & new examination
systenm. : . ' St T

e~
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2. Critical review oi guestionsg

The writing of questions is only the first part in the
gconstruction of an examination. The next is & critical
review of the guestions, a stage which is particularly import-
ant for questions of the fixed response and structured type
in which muech chemistry is often contained in the guestion
itseif. If gquestion writers are inexperienced, there will
be a large wastage of questions at the review stage, often as
high as three aquestions out of four.

The first eritical review of guestions is often undertaxen
by a small group of examiners, but the practice varies from
country to country. 4 possible set of criteria for a first
review has been worked out for use in Ceylon examinations in
the Ueylon Workshop and is set out beiow. {(The list is not
intenced to be comprehensive and other factors may have to be
considered, particulerly some technical factors in the construc-
tion of fixed response guestions. It necessary, the resader
should refer to aztandard publications on test construction -
see bibliography.)

(i) -Acecuracy of the chemistry.
(ii) Bimple errors of construction, e.g. language,
ambiguity, obvious clues, etc.

(iii) The appropristeness of the level of study.

(iv) The time reguired to read the guestions.
(v) The specification of the gquestion.
{(vi} Ite effect on the teaching/learning situation.

T Construction of the first draft of examination paper

The reviewing process (sometimes called shredding) may be
repeated by other similar groups of people. Then the examiner
is in a position to comstruct the first drat't of the examina-
tien paper.

In doing so, the major factors, in addition to those given
above, which must be kept in mind are:- .

{i) The specifications.

(ii) The range and distribution of difficulties of the
-questions.

(iii) vuplication of questions.

(iv) Uverall time required to complete the paper.

{v) The relevant weighting in terms of marks for the
various kinds of questions and the weighting
within each guestion.

(vi) Alternative guestions and gquestions from which a
choice can be mace should be eguivalent as far as
objectives, time required and difficulty are
concerned.

i e e e R
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F., Moderation of papers

Another review of guestions and of the text as a whole,
gimilar to that conducted by the examiner, may now be undear-
taken by another group, pormally called moderators, before
the publication of the examination in its final form.

For this meeting of the moderators the fellowing materials
would be required:

(i) The draft examinstion.
(1i) The table of specifications.
(iii) The marking schemes .

(It is assumed that the background material available to
the examiner is also available to the moderators.)

6. Pre-testing of guestions

The sections D, E, F above are based on the assumption
that pre-testing of questions is not feasiblae. However, in
gome educational systems it is posaible to CcBTTY oput pre-~
teasting of questions, particularly of the fixed response type.

Pre-testing is essentially & trial of guestions on &
repregentative sample of pupils, the cbjective being to pro-
vide the examiner with an additional tool in the form of
quantitative data, which will assist him to refine his
examination. ‘ ; <

For details of pre-testing, readers should refer to the
iiterature, but they may find of intereat the procedure
sdopted for the firsti time in Ceylon in 1968 as a preparation
of the Evaluation Workshop held in August of that year (pee
Part III - Background Papers, 6).

Among the main data concerning an individual fixed res-
ponse guestion which arise in pre-testing are: '

(i) Percentage response to esoh sub-section (distrac-
: tor) and a difficulty index (D.I.) of the correct
angwer. ’

'(4i) The discrimination coefficient (D.C.).

The difficulty index tells the exsminer the percentage of
pupils who responded to & gquestion in the pre~test in the way
‘the examiner expected. A iow difficulty index means few

questions answerad correctly.
The discrimination coefficient tellsg the examiner the

correlation between the performance of ecandidates in a par-
ticular question with the performance of candidetes in the

28
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test as & whols. Heither the difficulty index nor the dis-
criminetion coefficient tells the examiner that the response
was educationally desirable nor does it tell him that the
chemistry in quesiion wza sound. Thus, it will be found in
the examples given below that a pre-~tested question whose
difficulty index and the discriminstion coefficient were quite
satisfactory had to be rejected on other grounds. :

With the aid of this additional data moderators would then
proceed in the usual way. (It is assumed of course that both
examiners and moderators are competent in interpreting pre-test
data.)

H, Critical review of sowme f{ixed response qguestions from the
Lvalustion Seminer held in Ceylom in 1968

Questions

1. Sulphur powder and iren powder were strongly heated
together. When tested for iron and sulphur, their
pro,:~rties were NOT evident. This is because:

(i) 2 mixture was. formed.
{ii) & compound was formed.
(iii) an element was formed.
(iv) & physical change had ocourred.

2. An element reacted with cold ﬁatsr displacing hydrogen.
This element is most likely to bes

{1) high up in the activity series.

(ii) just above hydrogen in the activity series.
(1ii) just below hydrogen in the sctivity series.
(iv) very far down in the activity series.

3. Whenever a liguid becomes a solid which one of the
following can be siated as being certain to coccur?

(i) Arrangement of particles in a regular pattern.
(ii) Packing of particles into & smaller volume.
(i1ii) Absorption of thermal energy from the surroundings.
{iv) Deorease in the kinetic energy of the particles.

-4, A gas showed the following properties. It immediately ;
extinguished a glowing splint. It hed no reaction with :
limewater. When metallic copper was heated in the gas,
no visible change was observed. Which one of the
following could ithe gas be? o ;

(i) .Sulphur Dioxide. 3
(ii) Fitrogen.
(iii) Carbon Dioxide.
{(iv) Oxygen.

.\g
e
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i

NaUH + H,i,SO[L = NgHS0, + 0 + A cal.

4 2
{aHS0, + E = Na,3C ' ol .
Nadb 4 NaOH NaESQ4 + HED + ¥ eal

2

The above equations indicats 2 methods by which sodium
aulphate may be prepared. Which one of the following
desecribes the thermal energy relations zf the two pro-
cessaes?

‘ I+ H . Na S0 + 2H . al,
2 NaOH + 52564 = Na 504 + SHEG + Z cal.

(1) X = 2 = Y.
(i1) Y + 2 = X,
(iii) ¥ = X = Z.
(iv) X + ¥ = Z.
Gases A and B have the following physical properties.
. . Density
.. 3 =
Solubility in water B?“%lng {(relative
point® to air)
Gas A 7C g per litre -110°C c.8
Gas B 15 g per litre - 2°C 1.2

In order to collect as pure & sample of B from & mixture

of A and B with as l1ittle wastage of it as possible,
which one of the following collection procedures would
yauladapt?

(1)

30
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fraezing
mixture

(1idi)

7.  What weight of potassium chloride (molecular weight 74.5)
would be formed when excess hydrochloric acid reacts with
17 & of potassium nitrite KNO, (molecular weight 85, the
salt of the weak acid nitrous®acid)?
(1) 7.45 g
(i1) 8.5 g
(1ii) 14.9 g
(iv) 17 g _
8. In which one of the following solutions will chlerine NOT
be liberated? ik
(1) Cold comcentrated hydrochloric aoid and hot concen-
trated sulphuric acid.
' (i1) Cold concentrated hydrochloric acid and bleaching
powder.
(1ii) Cold conoentrated hydrochloric acid and crystals
of potassium permanganate,
(iv) Concentrated hydrochloric acid heeted with
manganese dioxide.

9. The diagram represents an electrical circuit involving an

oxidation reduction cell C, a voltmeter V, an ammeter A
&nd a resistance R.

‘31
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Carton electrods — e o e G rhon electrode

Porcus pot ——

KMnO, solution | dtm—— Acidified FeSO, solution

4

In which of the following ways would variation of
concentretion of the permenganate soiution be
expected to affect the voltmeter and ammetexr
readings? '
(1) The vmneier reading will chunge but the
veltmutier rsading will rewain unchanged..

(ii) The wvoltmeter reading will change but the
ammeter resding will remain unchanged.
{iii) Both the ammeter and the velitmeter readings
will change. T
(iv) Neither the voltmeter nor the ammeter readings
will change.

10. When four substances A, B, C, D were heated in air
the following observations were made. Which one
of the folluwing observation would alone suggest
that the substance concerned was NOT an element?

(i) A liquified but no new substance was formed.
(ii) B burned producing sulpher dioxide.
(iii) C burned producing only an oxids.
- (iv) D neither liquified nor produced & new
. substance.

ERIC ., 32
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Review

Item| Content

' ' tive | Accura Errors Level
No. code lObjectlve Accuracy TTOTS ev

b.C.

1 4 N (l)" .6?

54

Needs
editing

2 14 (1)

71

.50

ERE (2)

Stem may be .63

shortened

4 29 (2)

.39

-44

Constructi-
on (clarify)

5 27 (3)

<39

Obvious .46
clues

(i) & (ii)

6| 2 | @

Use formula
weight in-
gtead of
molecular
waeight.
Irrelevant
data. '

%h” ; 18 | &3)'

LSS
NANANASANANING:

SRS

8 29 Changed Quest- Obvious «25
from (2} ionable clues v
to (1)

\

.40

H omitted Too Too .46
in diagram dii¥i - long
cult :

o | 1t | (3)

A\

10 4 (4) o | deeas | | |4

editing

* Multiply'by 100 to obtain percentage figuree for difficulty index

Content Code:

TABLE _OF SPECIFICATIONS - CONTENT CODE

1l ' Nature and égope of chemistry.
2 Substances’ and their properties.

R al .

‘a3

R L e s
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V]
foel

o] Solutiocasz.
4 Blements, mixtures and compounds,
5 ) Physical and chemical change.
6 Burning.
7 Airx,
8 Oxygen
G Conditianz for combustion.
1aG Oxidaticn - raduction L.
11 Action of acids on metals.
12 Bydrogen.
13 Lawg of chemical oombinations.
14 Action of water on metals.
15 Atomic theory.
16 Clasaificetion of reactlions.
17 ~ Chemical calculations.
18 hetion of acids on salts.
19 Electrelysis.
20 Ionigation and equilibrium.
21 Corrosion.
22 Atorteo atructure.
23 Carbon chemistry.
24 Chemicela from air.
25 Chemicals from =3ea.
26 Chemicals from soil.
27 Energy changes in chemical reactions.
28 Radiochemistry.
29 Oxidation -~ reduction II.

(l; Recall.
" QComprehsnsion.
(3) Application.
(3)' . Calculation.
(4) Analysis, synthesis and evaluation,

Additional comments on the lsaraning/teaching situation

Q.1. Question based on motusl experimental work dene in
: class. Encoursges pupil sctivities/ teacher demon-
strations, maeking observations and drawing oonclu-
sions from experimesntal data,

Q.2. . May be answered without actually doing the experiment,
" but it encoursges the teacher to introduce simple
-experimental work. The reference cold water suggests
a further investigation of the effect of variables
such &8s temperatures. Thae item could be made more
conciee as followst- ’ ’

An element .. . . . . . The location of the element
in the activity series is most likely .to be:

. ow

34
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Q.5.
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Q.7. .
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(i) high above hydrogen.
(ii) just above hydrogen.
(iii) - juset below hydrogen.
(iv) far below hydrogen.

' Brings up the idea of using a model in chemistry to

explain the properties of matter. When generalisa-
tions are made, as suggested in this item, the
teacher should be encouraged to be conscious of any
anomalous 8ituations such as the behaviour of water
in this instance.

The item could be more concisely stated. Encour-
ages pupil activities/teacher demonstrations, make
observations.

Needs minor editing. The guestion indicates two
methods, but gives three equations. It is )
necessary to indicate that the first two equetions
refer toc one process.

Thia questian draws attention to broad generalisa-
tions and applications. o

Fmphasises the need to confront pupils with the
ability to cope with new situations. Encoursges
training in suitable designing of experimental

" get~up to solve problems and apply general prin-

ciples in chemistry to new situatiens. Unfor-
tunately, choices (i) and (ii) are not good dis-
tractars. '

Editing:
(1) Delete - "the salt of the weak acid, nitrous
acid" (irrelevant data).
(ii) Use formula weight instead of molecular
weight since the substance is ionio.
(iii) Use 8.5 instead of 17. . It will be
: eagiaer for the pupil. to recognize the
relation between the formula weight of
KNO2 and the given weight.
Item encourages the teaching of chemiecal
calculations. C

Example of an unsatisfactory question. (ii),
(iii) end (iv) are obvious clues, actually ocarried

. out by pupils, but (i) is not done and on that

basis alone it may be selected. Accurscy of the
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chemistry is also guestionable. Any sttempt to
teat (1) erperﬁmentaiiy by a pupil mey be
dangerous.

Guestion rejescted. Hay bhe too difficult, The
exaeminer probably wants to test the understanding
of veriastion of voltege with change in concentra-
tion, which may be too difficult at this level.
In addition, he hes ooupled to it a problem
involving variation of both voltage and current
which makes it even more difficult.

The diagram doeg not show 'RY.

kditing: Insert the word 'separately' after
'heated!'. A good question which cells for anely-
g#is synthesis and evaluation of experimental data
and making conclusions. f

I. Rejection of fixed response questious

Rejection of guestions may be effected at a relatively
unsophisticated level on the following grounds which are illus-
trated by examples.

(1)

(11)

Aocuracy nf the chsmistzz

Copper reacts with 504 nitric acid aeaording to
‘the equations
3Cu + SHNO3 - 30u (H03)2 + 4H O + 2NO

The volume of nitric oxide at STFE which is fcrmad
from 63.5% g of copper Wovld het-

(1) 22.4 1itres.
{(ii) 44.8 litres.
(111) 14.9 1litres.
{iv) 7.5 litres.
Comment

This reaction is mere complicated than indicated
by the equatian given in ihia iteng

Simpie errors such as 1&352_59J gmhﬁguitg, obvicus
clues, etc.

The aolubility arrpatgssiuﬂ,chlarida-at various
temperatures is represented belowi- :

J6
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: i D
9/100 g

C
H,0 |
|
|
l
B!

eA
Temperature as—————}

|
l |
| |

|
|

|
|
!

Which one of the following points indicate a
- gaturated solution?
(i) B and D only.

(ii) B, ¢, D and E.
(iiig C and D only.

(iv) A only.

Comment '
Both diagram and the stem of the guestion are
confusing. The correct response does not

appear as one of the choice. -

© (iii) Appropristeness of the level of study

i ii iii iv v vi vii viii 0

a.|" b e a | e
£ g | n i3
k i ) m n 6W

Members of the first elements in the periodic
table are represented above.

Which one of the following pairs of elements is
LEAST likely to show resemblance in their chemi-

cal properties?
(1) £, k.
Jo(ii) &, 1.
(i1i) £, 1.
(iv) k, g.
Comment
In the Ceylon teaching manual this depth of ‘study
is not expaoted te be reached. _

37
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AMOUNT AMOUNT
OF QF
SUGAR SUGAR
AHOUNT AMOUNT
eF ' oF
L SVGAR S5VGAR
Comment
An average pupil ﬁay take as much as 1% minutes to .,
read and understand the stem only of this question.
In this paper 45 minutes are allocated for answer-
ing 40 guestions and the time taken for this ques-
tion is out of proportion. Furthermore, there is
an air of unrealiiy in the question;y it seems
. unlikely that the writer of the question actually
performed the experiment.
(v) Effect on the teaching/learning aituation

(iv)

FILMED FROM BEST AVAILABLE COPY

Reading time of quesgtions

" A pupil weighed 10 g sugar into each of two 100 ml

beakers A and B. The suger in beaker A wes in

the form of a finae powder. The sugar in B was in
the form of a msingle lump. He gimultaneoualy and
carefully poured 80 ml water inte A and B, without
stirring the contents. At intervals of 5 min.
duration, five«drop samples of the liquid from

gach beaker were withdrawn and thelir separate

sugar content determined. If these results are
graphically reprasented which one of the felléwing

When H,S5.is passed into aqueous solutiona of the
follow1ng groups ' of metals which group will produce
‘only black precipitateg? '

we

A e,
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((i% gh, gu, Ce.

ii u. Ce, Sb.

- (1ii) Pu, Ni, Cu.
(iv) Wi, Cu, Zn.

Comment
This kind of item encoursges memorising informatioen,

which in the context of eschool chemistry can only
be regarded sg triviai.

At 2 more sophisticated level when pre-test astatistiesal
data are available further oriteris may be-used as exemplified
below,

(i) Low difficulty index

When a finely divided metal A is mixed ‘with tha oxide of
metal B and heated, no change is seen to occur. When
the oxide of metal B iz heated, with a metal C, metal B
and oxide of C are formed. When metal C is. added to a
solution of a salt of A, particles of metal A are
depoeited, From these observations the inoreasing
order of activity of the metals B, C and A ist-

- (i) ¢, B, A.
(ii) B, C, A,
(iii) ¢, AB, B.
~(4v) A, B, C.

- Comment

This item though diseriminating positively (0.23) has a

very low difficulty index of 0.13. This is probably

~due to the length 'of the item, the ccmplexity of infor-

mation and the uvse of symbols. A :

(11) Low discrimination coefficient

What may NOT always be expected in a balanced chemical
equation deacribing & chemical reaction is that the sum .

of thet-

(1) weights of the products eguals the sum of the
weights of the reactants.

(i1) volumes of the products equsls the sum af the
volumes of the reactants. -

(1ii) number of atoms ¢f the products equals the sum of
numbear of atoms ef ‘the reactants.

(iv) atomic weights o’ the products equals the sum of
the atomic weigl ts ‘of the reactants. :

Al U it Ay 273
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Commen®

Thieg item has discrimination coefficient as low as
=0.3% a2lthough the difficuldy index i 35%. Hers
the stem in the negative form may have been the
significant contributory factor.

Non functioning distractors

Three eimilsr burning tepers were plunged simultane-
ouely into 3 separate cans containing coconut oil,
petrol and kerosene reapectively. Petrol caught fire
at once, but HOT the other two. This was probably
due to the fact that:- .

(i) the temperstures of the three tapers were not
the same. : '
(1) the ignition temperature of petrol is higher
. then that of the other two.

(iii) the ignition temperature of petrol ia lower
than thet of the other iwo.

(iv) petrol has = lower density than either of the
other two. oo

‘Comment

The first response does not apps .r to function
adequately as only 0.6% of the test population
selected this choice. The fact that the first
choice is a wrong response may be self evident from
the first few words of the stem.

Over functioning distractors

Milton is. used to remove ink stains, The agent res-

" ponsible for the bleaching is active:-

(ig chlorine.
(ii) oxygen.

(11;; hydrogen.

(iv) hydrochloric mscid.

Comment

72% of the test population melected the first choice
(an incorrect choice) whereas only 20% responded to the

_gorrect choice.” This type of over functioning is

sometimes due to the poor wording of the item, a2 borne
out here. o

SPECIAL _ROTE

Although an item may appear acceptable on indices of pre-

test data, it may still be possible that the item is unsuitable
because of errors which escaped a first scrutiny. This could

40
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happen because the target population ignorea the errors and
responded correctly. But still the guestion must ke either
rejected or re-written even though the item appears 10
function well.

e.g. NaOH + H2504 2 EaHSQ4 + H?G + X cal.
ma%aoé + HESD4 - N52§O4 + HEO + Y cal.
2 NaOH + h23D4 = N32504 + HED + Z cal.

The above equations indicate two methods by which sodium
sulphate may be prepared. Which one of the following des-
cribes the thermal energy relastions of the two processes?

(i; =Y.
(i1 X.
(iii)

(iv)

P+ 4
El
¥

D B9

X
Y
X
Y

J. Administration of examinations

Urganisations for the administration of examinations are
bound to vary greatly. For the purpose of this report only
those aspects of administration which may directly affect
decisions on the form of examination are considered.

A general pattern of examination administration may be
classified as school based, regionally based, and nationally
based. If the mssessment includeg some form of continuous
assessment it will entail an extra administrative load on the
schools.

A particular difficulty in some countries may be the
need to translate an examination into several languages.
This produces problems not only in translation of idiom but
also in translation of technical vocabulaxry. Other problems
in guestion setting arise when there are different gultures
within a -country, particularly when raferring to chemicals
which may be found in one cultural background but not in
another.

Security

Most examinations at present remain secure before admin-
istration. There are exceptions, the most important of
which ‘.re some oral and practical examinations and continu-
ous assessment of practical and other work which is the
normal part of a chemistry course.

In some secure examinations, pupils may be allowed fore-
knowledge of a part of the examination ¢r relevant materials
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of the exemirnation: for <iomple, open~book examinstions end
examingtions in which books on dats are allowed. At the
osther extreme some examinations, particularly some of the
fixed responae type, are kept secure beforse and after the
examination. This ralsez further administrative difficul-
tien,

Printing snd handling of sxaminaticns

The degree of sdministrsative difficulties in this area
depends largely on the form of the examination and question
used. For example, the use of fixed response and structured
guestions, giving &z lot of various types of information in
the gquestion itself, inevitably leads %0 a bulky and more
complex examination. The sheer bulk raises administrative
problems in printing, packaging, storage, despatch and security.

Marking

Marking may be in three forms - from a fixed key, from a
finely structured mark soheme and by impression, these being
in the order of inoreasing difficulty.

A sgpeqlal comment is reguired on impression marking.
Thie is a grading process rather then & marking procese and
ir normally conducted by more ithen one examiner with general,
rather than detailed, suggestlong for marking. Such marking
may call for a close examination of standardization procedures.
People qualified to merk by impreesion are not always easy to
find. A further administrative difficulty in impression
marking arises from the need to post soripts from one marker
to amnother in & short period of timse.

Where the same question appears in more than one lang-.
uage, in an examination paper snd there is errer in one trans-
lation, the examiner must claesify ell translated questiona rs
feulty, because bilingmal students may have read faulty end/ér
the correct ona.

K. _dnterpretation and Peporting of results

*fter marking, the examiner has available for analysis the

marks of each cendidate in each question, the total marks in

. each gection, and the total mark in the examinstion as & whole.
The common practice is to use the total marks scored aa &
meapsure of attainment. This implies that marks obteined on
different mections of the. test which were designed to meapure
different objectives can be added to give a meaningful result.
The candidates are then put in order of merit accordiig to the
total marks. The simplest interpretation of this eorder of
merit is to clamsify ocandidates imto thosa who have passed and’
thasa_whg have failed. . But interpretation may be used for

ERIC a2
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many different purposes (zze Chepter 2) and one may ask if it
is the proper funotion of the examiner to decide who has
paesed or failed.

A second and more refined form of analyeis puts candi-
dates into grades indicating more clearly & hierarchy of per-
formance by the ceandidates in the examination as a whole, but
gives no further information on the candidates' performance
in the different objectives of chemical education, in other
words a profile of the candidate. To do the latter would
require & more elaborate but possibly more profitable form of
analysis, interpretation and reporting of the results, in .the
light of the objectives cf chemistry teaching.

6. Strategy gg@_?actics7f9:70urriculug_ﬁeform

The major assumption underlying recommendations and
suggestions in this report is that ourriculum devalopment and
examination reform ere no longer one-stege operstions. The
pece end pattern of change is such that institutional arrange-
ments which have been discriminately designed to cope. with
change have become imperative. One feature which should
sharacterize such institutional developments is the provision
for enhanced participation by teachers of chemistry, as wall
as professional chemists from universities, health, agricul-
ture and industry. '

"Just a3 in chemical research, team work is increasingly
replacing individual isolated efforts, so in currieulum
development and examinations reform the need %o provide for
co-ordinatad group effort is becoming necessary. This is
being achieved through the establishment of curriculum
developmént centres in which participants from many fields
pool their experience and insights in the preparation of
curriculum materials.

.~One of the prime functions of such activity may be the
reduction of the 'lag time' between the emergence of new ideas ;
and techniques, and their application in classroom situations.
. Another important function of curriculum reform groups is to
sustain the momentum created during the process of renewing
curricula, so that curriculum development groups might under-
tske to keep their materimls, practices, methode and tech-
niques in a processs of continual reappraisal and read justment.

A danger to be avoided is the elevation of the 'new’
material and practices to the status of a new dogma. Hence, :
the need exists for some sensitive feed-back of informetion :
as to the direction in which the system is moving and a A
disoriminating examiration d-asign provides such a monitoring
and steering device. ’

e
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' Institutional organization for curriculum reform and
examination design will not in itself ensure the diffusion
and adoption of the new ideas. There is a need for more
understanding of the process by which change comes about in
school chemistry teaching. Inevitable consequences of
curriculum reform are that relationships hetween all parti-
cipants in education will need to be modified and adapted to
permit growth and development.

ERIC 44
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Achievement

testt

Affentive
behaviour:

Attainment
tegt: :
Behavioural

objectives:

Cognitiont

Content
aebjectivest

.

.Disgnastic
teste

Difficulty
index:.

"Dimerimination

coefficient:

Facility Iindex:

Grid:

Ttem:

- 39 -

APPENDIX A

G LOSSARTY

A test designed to measure the performance
of a pupil in relation to the expected
ocoutcomes of instruction.

A pupil's emotional feeling tone. This
may inelude internal feelinges and emotions,
or mey be expressed in overt behaviousn
marked by an immedliate impulse to act. .

S8ee Achievement test.

The analysis of the objectives of a course
in terms of intended changes in the ways in
which the pupil will feel and act.

An intellectual process wheredby & pupil
becomes aware and obtains &8ll the various
modes of knowing,_incluﬁing all the forms
of reasoning.

The listing of the major divisions and sub-
divisions of the subject-matter %o be
covered in a course. These are often -
inocluded or implied in & syllabus,

A test usad to discover areas of strength
and weakness in the attainment of the
expected outcomas of inastruction.

‘Bynonymoust FPlacement test.

See Item analyseia.
S8ee Item analysis.

Sge Itenm analysia

'Sae Table e£ speu;ficstionn.

A quéstian, an incomplete. sentence or other

‘task in assessment desigred to cliuit a

response from the examinre,

a5
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Item asnalysis:

Moderation:

'Qr level:

Objectiven:

Placement test:

Prae-test:

Psychomotor
activity:

Raw score:

Scheme of
studiesg:

- 40 -

& process by which the results of an
examination are analysed for the purpose of
identifying suitable items in terms of
their difficulty and discriminating power.
Difficulty index is ususlily expressed as a
vercentage of the population answering the
item satisfactorily. It is also called
facility valus. The discriminating

power (or ceoefficient) of an item is a
measure of how well the item helps to
differentiate betwoen "good" and "poor"
pupils, "good" and 'poor' being determined
orn the basis of performance on the entire
test.

. A process in which items in a draft of a

test or a grade obtained by assessment are

eritically serutilized by a group of compe-~
tent persons to ensure that sll the speci-

fications demanded are met,

General Certificate of Hducation at Ordinary
Level - an examination taken at the end of

a five-year secondary school course (aged

16 years usually).

The goals or aims of instruction or teach-
ing stated explicitly (or sometimes only
implicitly) in functional or behavioural
terms. There may be several kinds, of.
which eontent objectives and behavioural
objectives are the most widely used.

See Disgnostic test.

A process of administering a try-out form
of a test for the purpose of obtaining
axperimental dats to improve the final
form.

Co~ordination of & mental pracess and &
motor activity.

An empirical score obtained by direct
application of a marking scheme or key.

An expanded syllabus outlining the contents
and indiecating the relative emphasis of
time to be devoted to each division or
sub-division of the subject matter.

46
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Shredding: The use of certain criteria to analyse the
function of a question with & view to
re-writing the guestion in a moest suitable
form.

Syllabus: A document compiled by a curriculum autharity,
specifying the major divisions and sub-
divisions of the subject matter to be
covered in the course.

Table of A diagrammatic analysis of the content and
specifications: behavioursel objects.
Synonymous: Two-dimensional analysis, Grid.

Teachers! A scheme of studies explicit to include
manual: helpful methods and techniques of instruc-
tions, teaching aids and references to
.source materials.
Synonymous: Syllabus of instructions.

Two-dimensional See Table of specifications.
analyses:

Q : A7
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APPENDIX B

Alles, J. et al. - Theoretical Comstructs in Curriculum
Development and Evaluation; Ministry of Education,
Colombo, Ceylon, 1967, 24 pp-

Alles, J. - Notes on Structural and Functional Aspects of
an Educational System relevant to Educational
Administration; Ministry of Bducation, Colombo,
Ceylon, 1967, 35 pp.

Ashford, T.A. - Contribution of the ACS Examination Committee
to Chemical Educetionj Journal of Chemical Educa-
tion, Volume 42, 1965, p. 496.

Bloom, B.S. (ed.) - Taxonomy of Educational Objectives:
Handbook I, Cognitive Domainj Longmans, Green and
Co., New York, 1956, 207 PP,

Bruner, J.S. - The Process of Education;j Harvard U.P.,
Cambridge, Mase., 1960, 97 pp.

Examinations Committee ACS ~ National Standardization Tests
in Chemistry at all levels - High School, College
and Graduate Level. 1935 to date. .
(May be obtained from Examinations Committee ACS,
University of South Florida, Tampa, Florida 33620.)

Furat, E.J. - Construction Evaluation Instruments; Longmans,
Green and Co., New York, 1958, 334 pp. - -

Goodlad, J.I. -~ The Changing School Curriculumj Fund for
the Advancement of Bducation, New York, 1966.

IUPAC - The Effect of Examinations in Determining Chemistry
Curriculas (Mathews), Butterworths, 1967.

Krathwohl, D.R., Bloom, B.S., and Masia, B.B. - Taxonomy of
Educational Objectives: Handbook II, Affective
Domain; David McKay Co., lew York, 1964, 196 pp.
The second part of the work listed above (see
Bloom).

Lindquist, E.F. (ed.) - Educational Measurement; American
Couneil on £ducation, Washington D.C., 1966 (sixth
printing), 819 pp.

Fy -
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Ministry of Education (Department of Examinations), Ceylon -
Amended Syllabuses in Science Subjects, Ceylon
General Certificete of Kducation (Ordinary Level)
Exemination; 1965 (includes sample question papers).

Schools Council Publiecations, H.M.3.0., London -~
1. Examinations Bulletins, particularly Nos. 1, 3,
4 and 8. ,
2. Working Pespers (all available).

The Sechools Council - Educational Implications of Social and
Economic Change, H.M.S.0., 1967.

Taba, H. - Curriculum Development: Theory and Practicej
Harcourt, Brace and World, New York, 1962, 526 pp.

Unesco - Meeting of Experts on the Curriculum of General bdu-

cation: Final Report, Morcow, January 1968; Unesco,
Paris, June 1968, 29 pp.

a9




FILMED FROM BEST AVAILABLE COPY

_44_

APPENDIZ €

LIST OF PARTICIPANTS

CEYLON: Prof. G.C.N. Jeyasuriya, Dept. of Chemistry,
Vidyodaysa University, Gangodawila.

Prof. M.U.S3. Sultanbawa, vepit. of Chemistry,
University of Ceylon, Fferadeniysa.

Mr. B.J.P. Alles, leputy Director General
($econdary Education), Ministry of Rdueation,
Coloenbo.

Mr. G.N. Edward, Lecturer, Teachers College,
Palaely.

Myr. D. Gunaratne, Education Adviser, Ministry
of Eduecation, Colombo.

Mr. D.J. Nanayakkara, Education Officer, Ministry
of Education, Colombo.

Mr. P.A.P. Nonis, Lecturer, Teachers College,
Maharagama.

Mr. A.M. Ranaweera, Chief Education Officer
(Secience), Sc/Maths Project, Ministry of Education,
Colombo.

Mr. J. Ratnaike, Chief Bducation Ufficer (Curricu-
ium Development), Sc/Mathe FProject, Ministry of
Bduecation, Colombo. .

Mr. P. Samaranayake, s5o/Maths Project, Ministry
of Eduecation, Colombo.

INDIA: Prof. M.C. Pant, Read, Department of Science
Education, National Institute of Education,
NCERT, India.

MALAYSIAS Mr. Tsa..; ah Liat, Chief Examiner - Chemistry,
¥alaysian Examinations Syndicate.

U.X.: Prof. H.F., Halliwell, Professor of Chemical
o #ducation, University of Kast Anglia {formerly
Urgenizer of Nuffield t()! Level Chemistry
Qo Project). Chairman of Workshop.
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Wr. J.C. Mathews, sxaminer, Nuffield Chemistry
(author of IUPAC Report on Examinations).

Prof. J.F. Kerr, Professor of kducation,
yniversity of Leicester.

Mr. D.G. Chisman, Secretary, IUPAC Committee on
the Teaching of Chemistry; Assistant Director,
CREDO, Secretary of Workshop.

U.S.A.: prof. T, Ashford, University of South Florida
(Chairman, ACS Committee on wxaminations in
Chenistry).
Prof. C.M. Wheeler, University of New Hampshire,

U.8.A. (Representing N.S5.F. India.)

7.5.5.R.t Prof. S.A. Balezin, Unesco Adviser, NCERT, New.
Delhi, India. :

Unesco: Dr. R.H. Maybury, Division of Science Teaching,
Unesco, Paris (Project Officer, Unesco Chemistry
Froject in Asia.
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R SUPPORTING EVIDENCE
1. The Educational System of Ceylon

from the point of view of science education

by B.F. Halliwell

What follows is generalised, sure to be inaccurate in &
number of specific cases, but gives an adeguately accurate
working picture. The Ceylonese educational system is
closer in its structure to that of the U.K. than to that of
many other Buropean countries or to +hat of the U.S.4.

The main points of importance can be communicated by two
figures and accompanying notes.
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Age SCIENCE
group SPECIALISTS g
of ™
pupil
. 1,000 went on with science .
ﬁUﬂlVErsity, GQHI‘SES - - il
Free Techniecal .
higher (College, 2,800 repeated A-level course
edn - Tencher (nearly all private)
cation (Training 5,600 in each age group
(College - | took A-level courses
- 194 (4,400 state, 1,200 private) .
iy : +——> GENERAL
) .} 18,000 repeated O-level course . h gERTIFICATE
]: 184 (15,000 state, 3,000 priva;tf!') OF EDUCATION
27,000 in each age group \ (A-level)
Voluntary 17 1 took O-level courses 1154 total 8,400
free ) St B ¢ ndidates
schooling . 20,000 state E . Els St candidates
_provided o 7,000 private . A - GENERAL
__ | Comparative ' ' CERTIFICATE
15 7 numbers (thou-, 01 OF EDUCATION
sends) for - |- (O-level)
14 4 Bon-seiens® o total 45,000
— specielighs i candidates
A .
A 1% -
12 -
11 -
Compulsory 10 -
free Total
schooling g - school population of
each 1 year age range
5 - (varies)
' 220,000 .
7
6
v
Figure 1 Structure of school population inicéjlon (1967} showing

the population context of the programmes in General Science
gnd in Chemistry, Physics and Biology for O-level apnd A=level examina-
tions (numbers approximate and rounded from statistics supplied by the

Ministry of Education).
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TOTAIL NUMBER OF CANDIDATES
(first time and resit)

50,000 J

40,000 -

30,000 -

20,000

10,000 -
0

1950 71960 1970 Year

Figure 2 Number of pupils teking O-level Chemistry in
successive years (numbers rounded from statistics
supplied by the Minietry of Education}.

A and B mark the initiation of the General Science programme
and the O-level Chemistry programme respectively.

Notes Ganiguigaﬁl and 2

(1) The Ministry of Bducation and Science in Schools.
Rlthough all state education, at all levels including
university level, is free, there are some private
schools (either fee charging or free). Some of
the latter mare well eguipped, have goocd library ]
facilities, are of long standing and are held in high
esteem. Nevertheless, all prupils staying at school
after the statutory lesving age o. 1% do so, at
whatever school they may be, with the intention of
sitting for the Ceylon General Certificate of Educa-
tion in a range of subjects - and the authority for
the eatablishment of syllabuses, the setting of the
papera, the marking of the scripts and the publish-
ing of the results resides with the Miniatry. To
this must be added the fact that the provision and.
organiging of in-service courses to help teachers’
meet any changes in syllabus also lies entirely with
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the Ministry. In Ceylon, the considerable movement
for reform in science teaching has mlszo come through
the Ministry, namely from the Deputy Director General
for Secondary Education and his staff.

In planning, especially in planning work for the
senior pupils, the closest co-operation with the

country's leading scientists is regarded as top

pricrity. Nevertheless, in schools, imn-service
training and assiastance together with the emergence of
new patterns for examinations in the Ceylon General
Certificate of Educetion are the major vehicles for
action. :

The Ceylon General Certificate of Education. =~ This
examination, like its counterpart in many countries in
Aesia and Africa, hes evolved from, and still strongly
resembles, the General Certificeste of Education of the
U.K. In Ceylon it is held in December. It can be
taken at two levels: at the Ordinary Level at the age
of 15+ or 16+; and at the Advenced Level at the age

of 17+ or 18+, These examinations are nearly always
referred to as the O-level and the A-level examinations.

The O-level papers sre set and moderated under the
direction of the Commissioner of Examinations by a
combined group which consists of university members,
staff of the Deput; Director General for Secondary
Education and members of staff from teacher training
inatitutions. The marking of the scripte is done
centrally in the Ministry. Much further increase of
the number of scripits shown in Figure 2 will obviously
lead to major administrative difficulties. In this
eonnection it must be remembered that the examination
in each science subject consists of two papers (one
multiple choice of 3/4 hour and cne free response of

2 hours). Moreover, anewers may be in Sinhalese or
Tamil or English, although each candidate must use one
language only.

The A-level papers are set by invited univeraity staff

.and an invited senior university member acts ag

moderator. The secripts, in this case about 1/10 the
number of O-level acripts, are marked on a paid, but
voluntary, basis by university staff,

The pu ils -
What isthe background and intellectual calibra of the
pupils taking the examination papers? In geeking an
anawer one becomes aware that the pupils.taking science
are influcaced by two pressures: aelectivity by the
educational system and ccmpetitien from their contem-
poraries.

55;;. g
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Competition can be dealt with briefly but ite import-
ance must not be under-rated. It arises from wide-
spread unemployment. The fact is that if & boy
obtaing his O~-leveis and then his A-levels in science
subjects, then, whether he goes to a university or
other institution of higher education or not, there
are more opportunities for him to get a job. If he
obtaing O-level and sven h-level passes in arts sub-
jects he mey well find himself unemployed unless he
has strong family influence backing him.

To do well in science is, therefore, of importance in
a context which is much wider thsen an educational one.

Selectivity by the educational authority also becomes
inereasingly severe as the pupil advances. To get
into an O-level class the pupil must have done well

in his mathematios, in general science and in his’
firet language (Sinhalese or Tamil, or occasionally
English). Parental wish can also play a part at this
stage, and as can be seen from Figure 1 about 10% of
the country's age group Jjoined O-level science clasges
in 1967. ‘Because the selection is partly on academic
ebility and partly on parental wishes, there is e
fairly wide range of ability et the O-level gxaminetion.

‘To go into an A-level science class, however, a pupil

musgt have passed the O-level examination in his first
language, in mathematics, ard in four other subjects.,
Further, among these six passes there must be three
which he has passed at credit level - two of which
must be in the science subjecis he proposes io take at
A-level. This high standard for entry into the
A-level class is ona of the reasons why such & high
preportion of those taking O-level re-take the examin-

"ation a year later. The other reason ia that if they
nheve failed first time they try to pass on the second

occasion for the economic-sociological reasons given
ahove.

To get into a university a pupil must achieve at least
3 greditas (not just passes) in his four A-level sub-
jects and also have reached an arbitrarily set level
in the aggregate of marks for all four subjects.

Theae requirements must be set against & background of

-provision for learning. In O-level clamses a pupil

nas 5 x 40 minute pericde per week in each science for
two years, and at “2 he must take papers in all
three soiences (ph “nemistry, biology) end in
methematics. In A 23 classes, the time allowance
averages 8 x 40 mimute periods per weck in each of his
four A-level subjeots - one third to one half of this
time being spent in a leboratory. The usual combiiii-
tion of subjects for A-level are: physics, chemistry,

5 ge
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pure methematice and applied mathematics, or chemistry,
botany, séalagy and physics.

In 1966, 53% of those sitting O-level chamistry passed,
and 22% obtained a credit. About 15% did well enough
in their chemistry and other subjects to enter A-~level
classes. o -

The teachers

Teachers of A-level classes are mall graduates in science
subjecta. Some will have had professional education
training.

Teachers of O- level classes are, by e large majority,
non-graduates, but have been professionally trained
st one of the twe Ceylonese teacher training colleges.

The Ministry, however, has an extensive in-service
training and aiding programme. Although each year
there ie usually only one vacation c¢ourse in science
laating 2-4 weeks, there is a weall eetablished asyastem
of one-day study circles taking place at weekends under
the directioen of the ataff of the Deputy IDirector '
General for Secondary Education. These study circles
are held all over the island, number about 40-50 in a
year, and have been yrunning now for four years. This
means there is a very close link between teachers on
their home ground and those in the.Ministry responsible
for planning and implementing new schemesa.

Some Bpecial problems

One of these is common to many countries but perhape
particularly to Aelan countries. Centuries of trad-
ition have held that the funcition of the pupil was to
learn at the feet of the teacher whose business it was

4to know. Any new relationship between pupil and

teacher which in any . implies that the teacher ocannvt
supply the anawer for the ohild to learn is regarded
with suspiaion smounting in some casea almoat {0 con-
tempt by many parents and pupils, and even teschers.
There is thus an inherent resistance to new mpdes of
learning basged on co=oparative exploration and i+t is
cartainly necessgary for any new proposals to be
accompanied by extensive guidance for teachers.

"But perhaps one of the great problems in Ceylon's

education ayatem ie that of langunage, a problem elsc
met in gome European and other Asian countries. The
langugga of pupils in Ceylon is approximately:

75% Sinhalese
20% Tamil
5% English

97
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But the special and crucial point is that on the whole
neither group can spest ithe other native language.

Very few, even educsi=l, (eéylounese can converse [luent-
ly with & counirymen in the oitlker native tongue;
communicaticn betwszon T

Tamils snd Sinhslese is predom-
inantly through English. t is not without sigonifi-
cance that the {irsti version of the new chewimtry pro-
gramme is printed in .uglish slthough Sishslese and
Tamil versions are heing provsred; the prublem arises,
however, of new tech : in the native languege.
Exemination papsrs havae o be printed in three lang-
uages, but thoese marking one set of scripts on the
whole could not mark the other. The-rsituation with
respect %o textbooks ie not an essy one, especially at
A-level, for the cost of producing a book that can
only be read by A amall greoup within the island and by
no one outside it is very high. Nevertheless progress
has already been made, as will be disoussed in the
second smection of this Working Paper.

Leetly, sny country will he confronted with the cogt of
equipment, and Ceylon's educsitional budget in-absolute

terme is neot big. In generel scionce, where the
number of classes and of pupils is high, improvisation
is essential. At O-level, improvisation is still

necessary, but speciel apparatus and chemicals are
availahle &8 required. The policy at A-level iz that
what is necesgary for mound learning must he supplied -
but reform st A-level is only juet being-planned.

On the other hand it must be realimed that ascient ic
equipment and chemicals, at least at the beginning of
the task of coping with the development, need 1o be
purchased from abroad (Burope is the chiel source)} and
traneported by sea. This means the use of foreign
gurrency and delayes in delivery. Unless the item
requived is held in stock there may be up to a year's
delay in a school's cbitaining it, a situetion aggravated
by the closing of the SBuez Canal. The Miniatry has
begun & zcheme for producing locally must of the peien-
tific squipment needsd by schools. About 18 miles out -
of Celombo, building has begun on & site for an Insti-
tute of Science Education. Part of the aite is being
developed as a residential oentre for training scoience
teachers and for housing curriculum reform groups.

Part of the site comprises drawing office, production
workahops eguipped with modern machinery and & distri-
bution centre for apparatus designed and teated in the
other part. Thi= production centre ig already in
initinl stages of operation. Such an imaginative step,
possibly vital to Ceylon'a develupment of sclencse
education - especially if there is to be a big increase
in the number of pupils in O-level and A-level classes -
is almost certain to clash with business intexésts of
foreign suppliters.
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Some aspeats of the development of the new schemes for teach-
ing chemistry in Ceylon

Whet follows ig not an outline of the hiastory of the
Curriculum Reform Project, but a series of commenis on some 0f
its problems and some of its successes and feilures, attention
+o which is thought likely to be useful ito any group invelved
in & similar effoart. A project focussing on O=level work
will have & different set of problems from one concerned with
A=level. The latter deals with & group of pupils who are
more mature and of a narrow range of high ability. Moreover,
the oontent is much more sophiaticated and, for meny pvpils,
38 transitional to university work, The problems of A-level
work mre chiefly concerned with establishing, both in the
field of planning end in the area of in-sexvice teacher
training, close and fruvitful co-operation between university
world snd school world. Ceylon is only just embarking om its
A-level project. This pert of the paper ias therafore iimited
to the O-level project, begun in 1961 and now in its third
year of trial in schools on a soale large encugh to be sxam-
ined nationally. '

It is cenveniant to consider the problems in the frame-
work of the four stepe which will need tec he taken:

1. FPormulating the educational AIMS of the Project.

2. Planning and carrying out lines of ACTION thought
to be necessary to achieve the aima.

3. Setting up_ﬁachinery for valid end reliable ASSESS-
MENTS of the mection in the 1ight of the aims.

4. Establishing permanent machinery for RE-APPRAISAL
on the bagie of feed~back and the results of
agsezzment. '

ATHS: Thegse are formulated at different levels. Thers are
the genersl, that is politico-scoioleglcal, stataements
of intentions made by Ministers of Education and the highest
directorate level of sdministrstive servicesy there are the
directions given tc teachers in terms of progrsnmes for schools;
there are the intentions {often imprecisely formulated) of
. teachers in the classroomj thers are the definite demands made
o pupils in sxeminstions. That this transletion of objec-
tives from general terms through %o pupil bekaviour should be
checked for intarnal consistency might well be. thought to be an
pbvious necessity. 1t is pnot commonly done explicitly. How
far it has been done in Ceylon . may be judged from what follows.

o The general aims that were behind the initiaiion of
the General Science Project in 1957 and of the O-level Specific
Scisnces bagun in 1961 were also stated in the report of the
Nationul Commission on Technical Education, July 1963,
Sessional Paper X of 1963. .
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Para. 7©. In & doveicping -oubliy, peracns having the
necessary aptituuss azd =hility ehould ba
selected and irzinad ho make thelir fullest
contribution to the various fields of indastxry,
agriculiure and CORmETresS. The purpose of
education is noi merely te mould the person-
ality of the student in order to fit kim into
the soonisty in which he Jives, but also to
develop his inmnate telenis and skilis, BO
that he will be an asset %o the nation.
Technicel educetion merits special attention
in view of its wital rolationship to national
development.

Fzra. 8. The education provided at prasent is mainly
acadamic, end is influenced largely by the:
raquiremsnts for entry to & university. The
Worid Benk Mission has drawn attention t¢ the
fact that in the family the children, especielly
among the more prosperous classes, 6re eXCaoES-
ively sheltered. Initiative, self-confidence,
experimentation, inquiring habits of mind, are
not encoursged from eerly childhood. The
tendensy in education has been %o stress the
encyclopeedic and purely acedemio aspact of
education; rather ithan skills and independent
solutios of new problems. it bas .srved to
oreate & préjudice against marual work amnd the
scquisitieon ¢f much needed skills; and haa
thus obsirucoted ecoromic development. Book
learning and memory rather +hsn reasoning
ability heve been mtressed, aven in wvillage
achools, where children come Irom predoninantly
agricultural communities. (Page 23)

At a subjeot stage of tranaletion, now ﬁirgnfed much more
precisely at teachers, we £find: ,

“The pregnant.sodial changes that had taken
"~ place in Ceylon, some of which have been indica-
ted sbove, made it clear that their «ffects -
the chengesé in the nature, composition, sspira-
tion and function of the G.C.E. 'O Level
population - demanded & change in the educational
objectives hithertc assumed - objectives which
invelved not only the knowledge and skill compen—
snts of educationm, but also the scomponent of
attitudes."” : '

(Ceylon Science Teaching Development
. . ’ Programmej 6 report prepared for

Unesco, Despartment of Edusatien,
Caylon, 1963.) .

e
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These directives now in the form o©f guestions are repeasted
in slightly altered form in the detailed printed version of the
O=level Chemistry Schemes (Syllabusea of Introduction and
Schemes of Work in Science Subjects for G.C.E. Classes, Depart-
ment of Education, Ceylon).

Nevertheless it is pertinent to ask for operational defi-
nitiong of some of the phrases used. For example, what is it
that a "scientifically literate citizen" can do that distin-
guishes him from a nun-scientificrlly literate citizen?

Until this is done it is doubtful whether we have any
basis for Jjudging whether the exeminstions which pupils have
to take can find out whether they are sclentlfically literate
or not,

Lastly, the Specificaticns for Examinations have been
formulated by the Ceylonese Ministry. Here the influence of
"The Taxonomy of Educational Objectives", Bloom et al. {New York,
1956) is acknowledged. The Specifications are stated in the
report prepared for Unesco (supra).

The details of the way these specifications are used %o
plan gn examinstion paper, and the statistical methoeds by which
the validity and reliability of the assesgment is checked, are
given in Part II1 - Background Papera, 2 and 3. Thie aspect
of the work has been done with great care and it is poasible
therefore for the Ceylonese Ministry and for outside observers
to judge ito what extent the objectives are being achieved.
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OBJECTIVES 1, 2, 3, 3', 4

An Explanatory Note

In this mnalysis objectives are classified using a

modified form of "The Taxonomy of Educational Objectives",
designed by Bloom et al. for the Cognitive Domain (Bloom,
Benjamin S., et al., 1956: A Taxonomy of Educational
Objectives; Longmans Green and Co., New York).

1.

This category includes test items which require a
response involving primarily the RECALL of specifie
facts, terminology, conventions, trends, classifica-~
tions criteria, methodology, principles, generalisa-
tions, theories, etec.

Test iteme in this category demand a response calling
for more than simple recall. An element of .
COMPREHENSION is required and may be of the following
types: -

translation of mathemetical verbal material
into symbolic statements and vice versa,

interpretation of data, statements, etc.
(including simple explanations, summaries,
etae.),

extrapolation from data, statements, elc.
(i.e. extension of trends beyond the given
data, determination of effects, corollaries,
etc,

Test items in this categery will demand responses
involving the APPLICATION of abstractiions in parti-
cular and concrete situations. The abstractions may
be in the form of general ideas, rules of progedure,
general methods, technieal principles, theories, etc.

These test items wiil require responses such as in 3,
but will include numerical CALCULATION.

Test items in this category wiil include items usually
clagsified in Bloom 4, 5 and 6, and will involve
responses calling for ANALYSIS, SYNTHESIS and
EVALUATION.

Among others this will inoclude the followingi-

recognition of explicit and implicit relation-
shipas, structure, etc., recognition of unstated
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assumptions, discriminations of facis from hypo-
theses, organisation of ideas, statements, data,
etc,, proposition of methods of testing hypotheass,
theories, eto., design of szimple experiments,
recognition of logical accuracy, consistency, etc,,
comparison of theories, generalisations, etc.
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1. rianning and geclieion meking, i estabvliishing
g Talriy anent reform groupi

2, @1 , and pe-correciing
o

7. the setiing and continued

.‘j L=

in-gervice eacher trainings

4. T enprning s5itua-
5. v g valad and reliiable

i puplls’ achievement.
Wrnt sas the Ceylonsse group done about this?

The .
Finistry under
Director Gaznersl
concarnad nave
countries eithes

ieet hzs been centred in the

sive guidance of the deputy

ation. He and the staffl
gimilar work in other

sgne countrics to work intimately
ngi rneas experts 0

with the propos:z ¥y the briaging of ¢

Ceylon. it th ar=ful losk ni cvther people's
efforte can by t following femcte. Two of the staff
spent ane year i. 7. {another thres spending six weeks

there); six
short periods it
with the Chemi

(anot
onc year in the U.3.4i. and two spent
o

and Australia:  two, closely sssociated

ject, spent a year in Langkok %ith the

Unegeco Chemistry s ing Filot FProject for South-rast Asim,
and one of these ha sontinved this close sssociation with this
Asian projact fcr a second year.

in the reverse way, groups of lesding science teachers
from the U.s. were invited to take part in inspectorate dis-
cussions and teacher-training courses, and lesading figures
associsted with reform in the U.S.A. and Australia bave been
invited to Ueyioun.

In this way the Ceylonese group were well informed 34
modern trends in other countries and had time to translate these
inte details which were appropriate to their own needs. The
basis for the preparation of detailed schemes of work was the
writing of & prelimindry draft, trial and feed-back, rewriting,
further trial and feed-bacx and finally extensive printing and

distribution followed by an intensive system of trial and feed-

back lasting over 1% years.

Such work is now teing continued by the science’ super-

visors in consultation with the writing group. Because the

writing group had so much contact with movements in gther coun-
trims, were themselves experienced teachers and had already
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formulated a g2t of objectives which acted as criteria for
selection or rejeciion, ithey were able to write a draft scheme
that had programmed leayning as a basie and was eagsentially
viable. The feed-hack was limited to begin with. Groups

of aix or seven teachers were asked to try out small sections,
and more extensive aress were tried out with teachers at
vacation courses. The latter were very valuable in that not
only was feed-beck obieined, but the teachere themselves were
introduced to and psriicipated in the new work that was yet

to coma.

11

L

After the writing of ihe second draft there were
more extensive trials lasting over one years Now it was
arranged that a range of types cf schools and pupils was
covered, the writing group themselves going intc schools and
teaching as full time ieachers.

_ During the vacations, discussions lasting one or two
weeks were held with selected senior science teachers.

Finally a printed version was published along with
"Amended Syllabuses in Science Subjects™ (Department of
Examinatione SA 636(Sc), 1964). Following this, very exten-
sive in-service trials were held by the working group every
weekend for 1l years. In this way in the course of a ysar
almost all teachers in the islend were contacted. The dedi-
cation necessary and the amount of labour, unraelieved by any
break, which wae involved-is ebvious to say the least.

As a result of such interchange of experience, certain
areas of the printed scheme are now under reviaion. The
setting up of in-service training has been covered in commenting
on the writing and collection of feed-back - in faoct these two
aspects are not separable. Pre-service training which supplies
the majority of (non-graduate) teachers for O-level work is
under a separate branch of the Miniastry. The work of teacher
training and of ocurriculum reform should be.closely co-opersative.
In Ceylon the two are not yet as cleosely knit as they are in
some other countries.

In turning to the setting up of adequate learning
situations for ecience one is chiefly concerned with finance:
supplying what is needed by & school (and conversely seeing
that what is supplied 'is in fact needed) and building labora-
tories. :

Ten years ago thexre were about 166 school labora-
tories in the island, chiefly in the old~established and
private schools. Now there are about 700,. Ten years 8go
in most schools science teaching was chiefly a matter of use
of blackboard end a few demonstrations. Now the imspectorate. :
report that ir most schools pupils ars doing experiments at - :

6
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least once a week. st wen yeers, too, there nas
been set up & centra e a system of
requesting supplies :
unith. The coszt of
af buildings, iz se2
schools
Equipment Chemicals

1457 156,00C RS 52,000 RS

1965 400G, 000 RS 172,426 RE

1967 1,400,000 RS 525,605 RS

L list of minimum eguipment has been prepared by the Ministry.

There sie about 150 laberatories in wnich
U-level and A-level chemistry is done. These have good faci-
1ities and usually cne or one and & half laboratory assiatants
to each laboratory. General science is not taught in these
rooms. Phere are 400-500 laboratories, less expensively
equipped, which are used for O-level work only, sometimes foT
two subjects. Most of these have electricity or gas produced
on the premises. Running water is not available in many
schools because of the expense of piping it, but much of the
work at O-level can be done with a static supply and a system
of sypheoning. '

There is one ARISBA laboratory in use, erected
by the U.N. School Building Unit as & prototype for Asia.
This has static water, storage cells and portable arrange-
ment for heating, c¢perationally planned arrangement of
working places, and sterage facilities.

The gquestion of books involves the language prob-
lem mentioned before but at the same time provides for the
evidence {(along with the type of examination questions pupils
now have to anawer, and together with the increased amount of
experimental work) thet the new schemes are not just on paper:
a differently trained group of young people is emerging.

In the 1940s the principal textbooks in use for
O-level in the island were Littler: Blementary Chemistry, and
Mee: School Chemistry.

In the 1950s the popular textbook was Wilkins:
rFundamental Chemistry (translated into Sinhalese gnd Tamil in
1956).

In the 1960s Holderness and Lambert's School
Chemistry hes been predominantly in use.

‘But the fact is that with the change of programme

o and type of examination question it is difficult to answer the

ERIC c
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new type of demands by reading only the books guoted above.
Even the content of the new schemes is not covered by those
-more traditiomsal texts.

The Ministry has therefere had to have new
textbooks written and this task has been undertasken by those
responsible for the reforms in science education. Unfortun-
ately these new texts are only publiished.in Sinhalese or Tamil.
In the opinion of the compiler of this paper, these texts should
be translated into English so that those who are considering
writing textbooks for their own country can benefit by seeing
how ideas from many other parts of the world can be woven inte
something that ie relevant to ones own country.

The characteristics of these new text books are -
the completely fresh look at content and epproach, their
inclusion of much of interest from schemes in other countries,
the deliberate building into the text on almost every page of
little answers and questions to the pupil reader and suggest-
iong as to what he might do at home, and (unusual in & "text-
book")} chapters on the method of solving problems by investi-
gation, weighing of evidence for hypoetheses and putting forward
explanations. These chapters take the process of being scien-
tific away from classroom and school into the village, the home,
the world of newspapers and personal argument, and then bring
it back again to the immediate problem of the chemisiry lesson.
There is a deliberate attempt here to make the phrase "scien-
tifically literste™ teke on an operational meaning. It is n
bold and imaginative plece of production, yet all the time it
has its feet firmly on the ground.

ASSESSMENT: There are two separate areas where a valid and
reliable method of assessment is necessary.

: The first is in the realme of the Ministry's own
activities. It laid down its objectives clearly. Are these
objectives being reached? Some of the evidence will be
qualitative: +the different kind of examination question, the
increase in laborsatory work in schools, the demand for a new
type of taxtbook. This will give enough indication for further
action to be taken, but a detailed statistical assessment of

‘the success of the policy is & highly specialised research
"project and is not av&ilable at the time of writing this Working
Paper. , .

The second area is that of pupils' activities.
The instrument for thias is usually a public examination. In-.
Ceylon this instrument has been subject to cdreful scrutiny
over seven or eight yearsa. The analysis of papers for content
validity and objective validity, the statistical analysis that
_has been done on the reeults, are outlined in Part III - Beck- ;
ground Papers, 2 and 3. ‘ ' ]

€9
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2, Design for Setting
the Sample Question Paper in Chemistry
" for Higher Secondary School
Leaving Certificate Examination

NCERT, India

In order to eliminste the wild role which subjectivity
plays in setting, answering and scoring questions, to ensure
a better coverage of objectives, a more effective distribution
of guestions over the whole syllabus, inclusion of a variety
of questions and thereby to do away with selective siudy and
cramming on the pert of pupils, the following design for
setting the question paper in chemistry is suggested.

The design is only a suggestion, and leaves scope for
necessary alterations according tc the needs and nature of .
the subject matter. The suggestions are intended to be
followed in spirit and the weightages proposed to different
jtems may be considered as only approximate. The setter can
at his discretion, thereiore, feel free to make changes in
respect of the weightagzes, 1f necessary.

I Weightage to objectives

In order that the questions framed may not be based on
just one or a few objectives, it ias alsoc imperative to deter-:
mi:ie the weightage to each objectiive and thereby distribute
questions over all the objectives in proportion to their
importance.

"In view of the foregoing considerationa, s echeme for
the weightage to different cobjectives for this paper is
suggeasted below.

TABLE I
Weightage to Objectives
7 S;;ﬁo. 7 Vinéfégéﬁiaﬁél chjeétiveé; Ha;ks Pe;aeﬁtége
1 Enowledge e 48
27t77 : Undéfstan&inéi . R T 7 3%_ ‘ '”37
"3 | Applicstion ] 15 15
] | - T TOoTAL | 100 100
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II Weightage to gcontent areas

Towards obtmining & wider and effective coverage of the
syllabue it is suggested that an earnest attempt be made to
distribute the marks alloted over different parts of the
ayllabus.

TABLE _IT

Distribution of Marks over Major Areas of Content

] VWqu&l Mar%§_
Maﬁgriafeag VSy;lébuE
5. No. Areas of Content of content Div%sions
Quezzicn
Paper
1 Laﬁéééﬁory éroéésssa T 1B 2 77‘4é”7 7
Wé Ghamical a;&mphyégéél ch;nges- 7 8 8 7
ré Atomic weiéﬁt, mciééular | ) 6 ] 7 6
weight, lawe, eto. : : 7
4 | solutions | 3 5
"5 | Halogens T T ¢ | s
67 Aci&s, basesrénd aaltéﬂ R 8 7 é
T ;Agiﬁrégan and pﬁbéﬁhcrﬁs ) 7 10 1 ‘10
é Sulphur T B 7 10 1 .1QVJV
5 | Na, Ca, Mg and Si 7 T 7
10 Metals 7 ) | 20 | T 20
11 Garbon amd hydrocarboms 1 15 | 15
.12 réﬁaiifativa anéi&sis ] :Sm 77{ 55
R T TOTAL 100 | 100

III Weightage {o forms of,queaﬁigns

It is common experience that the inclusion of only a few
essay questions in the question papere encourage guess-work
and cramming of set anawera to selected guestions, It is
therefore suggested that the question paper may' include all

ey
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the four types of questions, viz. the essay type, the short
enswer type, the very short answer type and the objective
tyoe.

A suggested welghtage to different forms of gquestions is
given below,
TABLE III

Weightage to Different Forms of Quesations

g 4. No, | Forms of guestions qizétggns Marks Pizgin—
I Essay s 25 | 2y
2 Shcr£7;£swer T éﬁrri | 5077 - o0
5 | Otjective oz [ e | s
Rl o TG@ALi 7557 o 160 ¢ 1&0 7

Iv Difficul ty leve;}";anguagg”gnq arrangement of guestions

Une of the important functions of examinations is to dis-
crimingte between the low achievers and the higher achievers.
A question paper is considered to be a good paper if it dias-
eriminates well, For this purpose it is recommended that
the question papers may contain in due proportisn guesgtions
of various difficulty levels ranging from easy to difficult.
It may, however, be ensured that they are not too easy nor
too difficult for the H.5.38.L.0. level.

The wording of the guestions must be sufficiently clear,
explicit and unambiguous for eaech examinee to comprehend the
questions in the same way as every other examinee and to be
able to know precisely what he is expected to write or draw
and of how great a length.

From the psychological point of view and in order to
create confidence in the exeminee, the guestions az far as’
possible should be arranged according to the increasing level
of difficulty. This arrangement may be done within the
topic or.the content also if necegsary.

V  Scheme of option

Optiens as such have no place in a scheme of good examin-
ations, :and hence no option is provided in this paper.
1 o
A

A

EaE
4
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VI <Zg¢heme of sectiong and their administiration
The gquestion paper may be divided intc twoe sections -
section A may inslude objeciive type and very short asnswer
quesztions; Section B may include essay and short answer
type guestionsz.

It iz sugzested ithet both the sections be administered
simultaneously with clear instructions to the saxaminees that
the answer papers feor Section A will be collected prompily
at the end of half an hour. Arter the commencement of the
paper, the students wili have to be instructed in advance
that if they {iniash bSecticen 4 bhefore time is called, they
may #o right on toc Section B withowrt awaiting further signal.
The time allotted to each section along with other subsidiary
details is suggested below.

TABLE IV

Time Alloiment to Sections

sections of Noe. of Yo §£77 Estimated
the sample Form of Total| gquestions e‘t"' time for
guestioen guestion marks to be %g Sél:gi enswering
paper attempted A in minutes
Section A Objective 25 25 ) 25 30
Hection E ) Espay and 75 30 30 150
ghort
answer
VII Directions

Adegquate directions regarding the number of questions to

be attempted,

allotment of

time 16 different sections and

other necessary instructions may be given clearly in the
guestion paper.

VITI

Model answers, scoring key and marking scheme

it is suggested that model answers and parking schemes
should be prepared along with the gquestior papers.
increase uniformity in scoring and will reduce t¢ a great
extent the chance of inclusion of vegue guestions reguiring
This will also check possible
errors (numerical and others) that sometimes unwittingly creep

answers of an undefined scope.

in.
ta.

This will

This suggestion should, therefore, be invariably adhered

The design suggested here is only a first step towards
It may reguire modifications after
it is given a trial for two or threa years. ’

improving examinations.

£
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v
SAMPLE QUESTION PAPER
i. Blueprint
| L BIECTIVE KHOWLEDGE 33??325@ APFLICATION |SKILL| Tufa. |
 cowvEsr | B | s Jo | B s 1 oo 2 s 1o |alsjo o
7‘7‘”\;;(7:‘: ;ra‘t;}ry i * - . s v e . @ . i(il) 7 ‘ @ kg 1 l(‘li) Ei
| processes ) o o
ﬂ%f{uemlcal . 2(1)frfa) .. 2(1) 2(2y b oo | ws 1(1) R
; aad phys-
! isal pro-
parties i B _ o
4 |Atomie N VTED ) B B .. R 160} ey
i wveight,
i molecular
i wveight,
laws, etc. 7 : o ) 7
4 |Solutions .. ce b dbeap 2y L@y |y . . 5(2)
% |Halogens S} .o} oo ]ald . 11y fae] .- ‘e 6(2)
6 lheids, RSN ETE N IO R T N I 160 ) e “8(5)
bases, .
ualts i ] e 7 , ) o
7 | Nitrogen 5(1)] .. 12(1)]..f 2(a)y | 32y j..|.- 1019 10(5)
and
phosphorus
8 |Sulphur 5(1)] 2(1)| .. |..] 21}y | .. vo | e 1(1)| 10(4)
9 |Na, Ca, 1 2(0] ey [y e )L i 4)
Mg and S5i o
10 |Metels 5(1)| a(2){2(2)]..] a(2) T 2(2) [.. [2(1)] 1(2) 26(11)
Y1 | Carbon and | 5(1)| 2(1)] .. |..| 6(3) | 2(2) {..|.. .. 15{7)
hydro- :
carbon _ ] o -
‘12 |Qualitative .e VN PR IV Y N P 2(2) 5(4)
analysis 1 - N t 7 )
— sub-total [25(5)]18(9) 5(5)]..[24(32) 15(13)}.. 8(4) | T i
Total - 48(19) 57(25) 15(11) 100(55)
hote: Figures within brackets indicate the number of questions and f{igures
ocutside brackets indicate marks.
Summary: Essay (B) No. 5 Marks 25
Short answer (S) No. 25 Marks 50
.Objective type (0} No. 25 Marks 25

scheme of Sections:

[Kc

wll Toxt Provided by ERIC

Section A - Objective questions

Section B -~ Short answer and essay gquestion

R
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‘Af'Levg;7Ché&istry47EiffieL§,Scheme,;?,K.

3. Notes on the Assesament of Practical Work by Teachers:

by J.C. Mathews

Tre assesament of practical work by teachers has besn
undergoing trials since September 1966, The purpose of these
notes is to explain this form of sssessment to teachers who
are about to atart the Nuffield 'A' level chemistry course in

1968,

The advantages of assessment by teachers

1. The assesament can be done by those who actually observe
the students at work over a long period of time, so that prac-
tical skills, ebilities &nd eptitudes, which are not displayed
in written work can be taken into account. In thia way the
objectives of the assessment can be mede wider then those of a
practical examination assessed on a single occasion on written
evidence alons.

2. Assessment on several occasmions is necespary to cover
adequately the variety of experiments and techniques which
comprise the practical work of the course; and the effeet of
chance failure or success is less.

3. .The assessed practical work need not be limited to those
sxperiments which oan be readily administersd to a large number
of candidates in a limited time. The restriction of practical
examinations to such experiments could have an undesirable
effect on the variety of practical work in the achools taking
the Nuffield course. The form of assessment set out in these
notes =hould lead to a greater freedom of choice of practical
work i1 &.:wols. '

4, This scheme does give teachers the opportunity %o beocome
involved in the assessment of their studente. It could lead
to a greater awareness of the objectives of practical work and
& situstion in which teachers and ..aminers work together
towards these objactivea,

The gutcome of the school trials

‘rihs the twc years of trials, eight experiments, all of

33

 them part of the bagic course, were chosen by the Project's

Headquarters team for assessment. Guidance was asent to
teachers on the conduct of the experiments, .the ¢bjeatives of -
each, and the manner in which marks could be awarded.. The
results for each.student were entered on s record card and ‘the
record cards were, reviewed by the Examiners at the end of the

‘first and second years. . The main c¢onclusions were as follows,
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1. Teachers tended to use a restricted range of marks, and
a candidate's total mark was rarely less than the half mark.
The mean mark was correspondingly high. From an analysis

of the marka, coupled with the direct observation of practi-
cal classes by the Heasdquarters Team, it can be inferred that
the spread of ability is less in practical work than it is in
written work, and it is unlikely that a student aan be said
to have feiled in hin two years of practical work.

2. The objectives of practical werk were the subject of
much debate, Finally, a1l the teachers whe %ook part in

the trials were invited to state what they considered the
ohjectives to ba. The objectives and thelr weighting, which
are set out later in these notes, follow closely the outcome
of this inquiry.

3. Many teachers felt that the detailed instructions, given
by the Headquarters Team for each of the assessed experiments,
unduly restricted them in their assessment. It became clear
that no single set of instructions would meet the wishes of
all the %eachers, and it waes decided that the proper cgurse
wae to give a8 much freedom as possible to the teachere in

the choice of experiments for assessment and in the conduct

of the sssessment. Some uniformity is necessary, however, in
the objectives, the areas of work, the type of expariment, and
the form in whiech the results are recorded.

4. It has been & conatant polioy of the trials that the
asgessment should be sonducted on normsl school work and be
as unobtrusive as possible, but often there was a notisesable
difference in the attitude of a class to the work when they
knew it was to be assessed. Some teachers welcomeéd the more
diligent work, others.regretted the more formal atmoasphere.

5. Tea.uers were rightly concerned i1zzt the raw mark which
they awsrded their students would be the one used in the final
At level mark. The raw marke were used by the Examiners to
determine only the distribution of marks within a teaching mset,’
and thie pelicy will centinue. '

6. Foseibly the most difficult decieion which had to be

made was whether there was sufficient difference in the general
standard of practical work beiween teaching sets end between
schocls to call for the use of a moderating instrument in ordexr
-t0 meke adjustments to the marks. For the time being, it
Baemgs that some form of moderation is desirable, but the matter
will be reviewed from year to- year.

7. Teachers found that those objectives which could be marked
from written evidenoce were éasier io assess than those which
called for direct obmervation by the teacher during an experi-
ment. ' ,It was found to be.very difficult to &ssess more than
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onz of 1he lestiter during any one experiment. It is hoped that
assessnent by direct observation will become easier as teachers
become more familiiar with 1t and can choose those experiments
in which they know they can pick out particular faults and
virtues without interfering with the norral teaching work.

The Form of Assessment after 1968

The ovbjectives

The following objectives, with weighting givern as a per-
centage, are suggested.

Skill in observation (25j).

Ability to interpret cbaervations (15%).
Ability to plan experiments (10%).

. Manipulative skills (30%).

. Attitudes to practical work (20%).

L]

-

W N PO

I'n many reapects the form of assessment advocated in these
nctes hasa atill to be evaluated, and it would be wrong to regerd
this statement of objectives and weighting as fixed for ell time.
Teachers may wish to modify both the ocbjectives and the weighting,
particularly in the finer divisions of the objectives. But for
the itime being i% will help in the evaluertion of this form of
ascessment if teachers can keep as close to the sugxested
pattern as possible. If teschers feel that they.must deviate
from this pattern they will still be asked to show on the
record eards how they allocsted marks to particulsr objectives.

The objectives 1 -~ 9 provide the broad basis for the final
azsgesement, but for assessment on particular occasions a finer
division 1s necessary. The following noites on the objectives

may be helpful, but teachers should not feel that they are rig;qu

bound by themr.

1. Obgervaticn alone has little merit unless it ds accurate
and relevant, Its assessment leans heavily on a student's .
ability to report, and it is inevitable that most of it will
take the form of awarding marks for written records of observa-
tion. But there are two aspects of observation for which
teachers can give creéfit while & conventional practicsal examin-
ation cannot, and it“is hoped that neither will be overlooked,
The first ie oral reporting which is usually more immediate and
less rehearsed than written reporting. The second is a
student's observation and intereat in unusual and unexpected
features of an experiment even though they are not relevant to
the immediate purpose of the experiment. It will not be easy
to put & mark on these two aspects but at least credit could be
given in a periodie review and grad;ng of esach student's atti-
tude to practieal work.

e
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2. The asssessment of interpretatiocn is similer to that of
observation in that teacners can anly Jjudége what siudents write
UIT SAY . It will give ecredit for an analytical approach to
observations, including unexpected observations end the ability
te comment critically on practicel situstions.

5. The ability to plan is most easily assessed by asking the
students to write their plan and submit it for marking before

they start, but this can only be done in those experiments for
which information to students on procecure is resiricted. It
should include the ability %o recognize sources of error, and

the ability to make predictions about other experiments.

It can be argued that both interpretation and planning
can be assessed on written exsmination papers. This may be
56, but a student's interpretation of cobservations which he
has actually made and his plans for an experiment which he
knows he must try to put into operation may well be different
from his interpretation and planning of unreal situations on
paper. The thinxing processes may be similar but their con-
text is different, therefore their outcome may be different.

4. Manipulative skills can be assessed by marking the results
of experiments, for example yield, purity, and accuracy {gocu-
racy of work rather than accuracy of calculation); they can
also be ssseased by direct observation of such things as
orderliness, methodical working, dexterity and speed. It is
desirable that this mssessment should net be confined to
routine operations; it should include the ability of students
to adapt their manipulative skills to new situations and to
fellow unfamiliar instructions.

It may be possible for teachers to use specific experi-
ments for assessing some parts of maenipulative skill, parti-
cularly yield, purity and aceuracy. However, many teachers
feel that a grade based on a general impression of work over
a period of say a term or even a year is more appropriate for
the less exact aspects of manipulative skill which can only be
sagessed by direct observation. If periodic grading is used,
it is important that teachers should consciously look for
evidence of the skills throughout the period and not simply
rely on their memory at the end of the period. (A further
note on grading by impression is given on p. T4) .

5. For the purpose of this sssessment sttitudes can be
divided into three categories:

(i) Willingness to co-operate .in the normal routine of a
chemistry laboratory. This will include a knowledge of
safety regulations and a willingness to comply with them and
the other regulations which are necessary for the efficient
running of a laboratory.

e, | he
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(ii) Fersistence snd resourcefulness - the will to work
unaided on set problems and to see them througn to a meaning-
ful coneclusion.

{1ii) BEnthusizsm: =z commitment to practical work as & worth-
while pursuit without seompulsion, This could ~“ow itself in
suggestions for lines of investigation not specisied in the
course and in assuming the more active role when working in
groups.,

A grading at the end of each year, or even at the end of
the course, is probably the most appropriate method of assess-
ing attitudes.

Areas of subject matter

The assessment in the future will not be restricted to
specified experiments as it was in the trials. Teachers will
be free tc choose which experiments to use and these experi-
metits néed not form part of the published hkuffield course. But
ir order to get a reliable order of merit it is important that
the main areas of subject matter are covered. On each student's
record card the examiners will expect Lo see a record of assessz-
ment on at least eight experiments, including at least ene from
each of the following areas of subject matter.

1. Changes in substances and patterns in changes in
substances. (This is a deliberately broad cate-
gory to include most of the course not covered by
2, 3 and 4 telow. Most of the assessed experi-
‘ments are likely to come in this category.)

2. Eqguilibria.

5. Kinetics.

4. ZEnergetics,

Iypes of work

Three main types of work can be identified in the course
and the examiners will expect to see each one used in the
assessment, but not necessarily with equal weighting.

1. Quantitative work.

" 2. Preparative work.

3. Qualitative worik.

Allotment of marks

The number of occasions on which marks are allotied for
practical work is left to the discretion of the teacher provided
that the minimum number of experiments is attained. . .It is
desirable that the objectives, with the possible exception of
ebjective 5, are assessed on more than one occasion in order to
get a reliable estimate of ability.
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Students should be told at the beginning of the course
that their practical work will be assessed and that the results
will be sent to the examiners. They should also- know, in
general terms, the gqualities for which the teacher will look.
They should be told that the assessment will be more obvious on
some occasions than on others, but that it will usually take
place during normal work and not on special occasions. i1t may
reassure them to know that the average mark for practical work
will be higher than that for the written examination.

The examiners will not necessarily expect that all the
students in a teaching set will be assessed on the same experi-
ments, but an equal balance of objectives is desirable. ' Assess-
ment of objectives 1 and 2 will be difficult in experiments in
which the students work in groups, but teachers should not: feel
restricted in the mnssessment to those experiments which are
performed by studenis working alone: some assessment of objec-
tives 3, 4 and 5 is possible in group work.

Durlng the trials & grading scheme (S5=4-3=2 -1) was used to
allocate marks to a particular objective on a particular occasion,
and teachers may find & five point scale useful espeeially for
those parts of the work which are marked by impression rather than
by a m&rk scheme, but they are free to use other achemes if they

wish.

There are three main ways in which marks can be allocated
and teachers will prebably find that they have to use all of

them.

1. A mark scheme,. This will be most useful when marking
written evidence of observation, interpretation, planning and
accuracy.

2. Merking by impression on a single occagion. ' This will be
useful for marking evidence which is less precise than that
mentioned in 1. For example, a teacher may wish to assess

dexterity in handling unfamiliar apparatus - say in. chromato-
graphy. - This can best be done by direct observetion of the
students at work, and in a large class it is not easy. )
Teachers should try to assess only oné such quality by impres-
sion during one experiment. Furthermore, teachers are usually
too busy to do more than make a note of those who are doing
well or badly; the rest can only be given the mark for average
work. ’

A good deal of thought during the trials wae given to the
question of whether '"average" should be the teacher's estimate
of the average for his set or his estimate of the average for.
'A' level work in general. ' The former has the disadvantage
that a teacher cannot estimate the general level of practical
ability of his set until he has been teaching them for some
time. The disadvantage of the latter is that it depends on

ERIC 80




FILMED FROM BEST AVAILABLE COPY

- 75 -

the teacher's experience of 'A' level work, Since the raw
marks will be scaled to a norm anyway, it is their distribu-
tion and the internal consistency of the marking whiceh is
important. But some uniformity is desirable and it has
been decided that teachers should try to judge what is
average from 'A' level work in general rather than from the
work of their teaching set. Thus:

Excellence of work unusual in asn 'A' level astudent = 5
Above average work - q
Average work - 3
Below aversge work - 2
Unusually poor work for an 'A! level student = 1

3. Marking by impression after a period of time. This will
apply mainly to atititudes to practical work, but teachers may
wiah to assess other objectives, particularly some of the less
precise aspects of manipulative skill, periodieally rather
than in single experiments. The period is left to the teach-
er's discretion; it could be done once a term, once a year’
or, for some objectives, once at the end of the course. The
criteria for awarding a grade are those set out in 2.

Information required by the examiners

Three or four weeks before the written examination the
examiners will require the following information from schools.

1. All the record cerds of the students arranged according
to teaching sets. A asample showing how a record card can be
completed is given in Appendix A; this should not be taken
to be an example of an ideepl assessment.

2. A summary of the marke for practical work for each set,
showing the total mark awarded to each candidate as a percen-
tage (Appendix B).

3. Any other relevant information, for example:

(i) Cutstandingly good or bad performance throughout
the course by individual candidates.

(ii) Outstandingly good or bad performance by a set
as a whole, ,

(1ii) Circumstances such as absence or change of school
which eould affeect the performance of s candidate,
particularly if it has resulted in the completion
of fewer than eight experiments in which assess-
ment has taken place.

The moderation of marks

The present need for moderation of the teachers' marks
has already been mentioned (p. 70). For variouns reasons,
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ineluding these of ineffectiveness and expense, moderation
by visiting examiners, moderation by a practical exsmination
and moderation by performance on the written papers as a
whole, have been rejected.

Moderation will take place by the performance of
teaching sets as & whole in those gquestions in the written
Papers I and II which will have been designed to test prac-
tieal work; these guestions will form not less than 20% of
the two Papers. It seems that performance in these questions
ia more likely to reflect the general level of practical work
of a teaching set than any other moderating instrument which
can be conveniently applied.

Three ranges of marks will be allocated, based on the
performance of teaching sets as a whole in the written prac-
tical gquestions. To conform with the findings of the trials
(p. 70) all three ranges of marks will be narrow, they will
overlap, and all three mean marks will be higher than the
half mark. For example, in 1968 the maximum mark for the
teacher assessment of practical work will be 70, which com-
prises 14% of the maximum mark for the whole examination and
the three mark ranges will be:

Top range (20% of teaching sets), mean mark 57. 5,
standard deviation 4.

Middle range (60% of teaching sets), mean mark 47 5,
standard deviation 4.

Bottom range (20% of teaching sets), mean mark 37.5,
standard deviation 4.

This form of moderation will be reviéwed from year to
year.

In conclusion

This i8 a first venture in this form of assessment of
'A' Jevel practical work in chemistry by teachers, and in
many ways it is. still on trial. At first it will no doubt
seem strange to both teachers and students, but it is hoped
that in time it will become accepted as part of normal Sixth-
Form work. The examiners will welcome gueries, comments
and suggestions from the teachers who operate the schemej;
they should be sent to Mr. J.C. Mathews, 51 Laverton Road,
St. Annes, Lancashire. :

3
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Appendix A
A SAMPLE OF A RECORD CARD SHOWING IMAGINARY MARKS ¥FOR A STUDENT

- T7 =

N.B.

The reference numbers and titles of experimente are based
on the written materials before publlcatlon

Name

® F & 2 68 - 0w s 00 s oA

NUFFILLQ FOUNDATION SCIZNCE ThACH;ﬁQ_EEQJ&QI

School

sessrsassees Form and

T GHEN

ISTRY ADVANCE

ASSESSMENT OF PRACTICAL WORK

Duration of course:
Reccrd Card Bumber

September 19... %0 Ju

PR

pet ......

1y 19...

ASSLSSEB EXP EElMENTS

OBJECTIVES (sh
AND MARKS (sbo

owing number)
wing maxlmum)

skill (year end)

AND OTHER ASSESSMENTS
2.2¢  Properties of Observatlon (1) Interpretatian(z)
7 _chlorides 7 7 5/10 /5
5.3(b) Iodine/iodate reac- Accuracy (4)
tion Ly titration 7/10
6.1(a) lteactions of some Observation (1) Interpretation (2)
metal elerments /10 3/5 .
7.2(b) Lnthalpy ot Comment on sour-
hydration ces of error(3)
— -~ 5/5 i
9.3(b) Preparation of Yield (4) Purlty (4)
" phenyl benzoate 2/5 : 4/5
- Gereral impremsion ~ Orderliness and Speed (a)
cof marnipulative methodical 3/5

approach (4)
4/5

General impression

" Routine (5)

7Persiéfence (E)VW”

of attitude to 4/5 4/5
practical work
(year end)
STMMARY OBJECTIVES|
1l 2]3(4]5 TOTAL
Marks ) o
A R A Y N Scaléd o
Signature of teacher marke i

e R e e
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cenrse SchoOl 4.t e eswerses FOIMe.eanscsns

Neme ..iecssnncacss

NUFFISLD FOUNLATION SCIENCE TEACHING PROJECT
T CHEMISTRY ADVANCED LEVEL

ASBESSMENT OF PRACTICAL WORK

Duration of course: September 19... to July 19...
Record Card Number =

ASSESSED EXPERIMENTS ' OBJECTIVES (showing number)
AND OTHER ASSESSMENTS 4£ND MARKS (showing maximum)

11.2(b) Determinaztion of Planning (3) | Interpre-
strength of 5/10 tation (2)
hydrogen bond 3/5 '

13.3 Solubility pro- -Acouracy (4)
duct of silver 4/5
bromide

13.6(d4) Prediction of Prediction OCbserva-
redox reactions (3) tion (1)

3/5 _6/10

15.2 Rate of reaction Recognition
tin and iedine of errors
(3)
N .7 R S
16.1 Reaction of thion- Observati- Interpre-
yl-chloride with . ona (1) tation (2)
- hydrates 4/5 3/5 e
17.3 Chromatographic Dexterity Observa- Interpre-
separation of (4) tions (1) tation (2)
amino acids 3/5 4/5 2/5 .
-~  General impres- Orderliness | Speed (4)
sion of manipu- (4) ;
lative skill 4/5
(year end)
-~ General impres- Routine Bnthusi-
gion of atti- (5) asm (5)
tude to practi=- 4/5 4/5
cal work (year :
end)

___OBJECTIVES
i oz 3 4 5 TOTAL
Marks | 26/40 12/25 15/25 32/45 16/20 | 109/160
veesediee..s | Scalea| 18/25  7/15  6/10 21/30 16/20 | 68/100
Signature marks 7 7 7 S

SUMMARY

of Teacher

;jggél
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Appendix B

A _SAMPLE OF THE FORM OF THE SUMMARY OF ASSESSMENT
FOR A& TEACHING SET

School .........v00000c0s Form and S€t ..vevvceveonceosasn

NUFFIELD FOUNDATION SCIENCE _TEACHING PROJECT
CHEMISTRY ADVANCED LEVEL

SUMMARY OF ASSESSMENT OF PRACTICAL WORK

Duration of Course: September 19... to Julj 19...

Candidate Name and Total Mark Leave this
Number initials /100 space blank

L R R N e R ] Datﬁ ¢ % 0 d 02 F L8NS

Teacher's signature
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171 BACKGROUND PAPERS
1. Evaluation in Chemistry

within a Second Level Gensral Education Programme

by J.F. Alles

1.0 The main purpose of the paper and some preliminary comments

This working paper is prepared for a conference. relating
to evaluation in chemistry within secvud level general education
Programmes. It is presented as a basis for discuassion and
study.

The main purpose of the working paper is the presentation
for discussion of the following aspects of the theme of the
conference.

1.1 The learning and teesching of chemistry are one component
of a second level general education programme. The total
second level general education programme will include, din

~addition to other science subjecits, such as physics and
biology, several other major components, such as first
language, second language, mathematice and so on. Hence,
"Evaluation in Chemiastry" is one aspect of the larger
problem of "Evalustion within Second Level General kduca-
tioen Programmes", Consideration and critical study of
‘evaluation in chemistry, to be complete, may demand a
conaideration of the general probleme of evaluation
within second level general education programmes. It
may be appropriate to discuss whether all the issues in
evaluation in chemistry are specific to chemiatry, or
whether many are only special cases in the fields of
chemistry of a general clase of problems of evaluation

at second level in general education.

1.2 In the design and implementation of educational pro-

grammes many major processes are involved, such as the
following:

i. Analysis of the situation within the educational
system &3 a whele, isolation of significant
issues and professionsal policy decision making.

ii. Planning and programming of educationsl activities.
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iii. Commuaication oi the planned programmes to execu-
tional Yevels along with relevasnt resources allo-
gations.

iv. Supervis.on, assistance and guidance in implemen-
tation.

v. Evaluction and nssesament in the context of the
specified goals.

I+ will be seen that evaluation and assessment are but
one of the major processes taking place within an educational
gystem. Hence, evaluziion in chemistry needs to be viewed
from this "process standpoint" as well, and should be consid-
ered in the perspectiwe of the system a8 & whole.

1.3 Evaluation in chemistry viewed from these two standpoints
will be seen to have many unresolved or partially resolved
problema. It mey be very important not only to isolate
the fruitful and valuable techniques and approaches now
availablz, but also to isclate and to recognise the major
unresolved problemsz which may require exploratory work in
the immediate future.

It is recognised that the participants at the conference
are primarily concerned with the subjeot at the level of design,
and the emphasis throughout is essentially on recognising
useful concepts, technigues and criteria of judgment and
decision that are availsble, &nd the recognition of new areas’
for action research. '

A working amssumption in relation toc the entire paper is
that evaluation, as a process, is perhaps still in need of
major development; and evaluation in chemietry in particular
may see substantial progress in the years immediately ahead.

It is relevant to remark that, to those who are noti
directly concerned with design and innovation and path-finding
activities in the fields of evaluation, points 1.1, 1.2 and
1.3 above may have but little relevance. Some may even grgue
that not only are the viewpoints suggested of limited relevance,
but also that the attempt to see evalustion in chemistry as
suggested may be poeitively "confusing”. This may be true.

The paper will have relevance only in ths context of a "“design
and innovation-oriented" wiewpoint. : '

In order to recognise the status of evaluation in relation
to clapsroom or school sctivities, questions such as the
following need tc be considered:

What type of activiiy and teaching programme goes on
" within the school? - : . R
Where does one get statements and descriptieneﬂ(spéci—
fications) of the school's programme of work? -~ °

o
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What are the aims and purposes that the school seeks
to achieve? In regard to these what significant
problems exist?

What staff are charged with recognising and formu-
leting these problems? Is there an active programme
of work directed towards the scolution ef these prob-
lems?

Who decides what goes on in & school and who plais out
in genersl terms, and later irn detail, the programmes
of work snd study within +the school? Who assist

and guide principals, teachers and pupils at work?

Are there procedures and guidelines laid down for
finding out whether ths school is achieving the
purposes that it has set itselfl to seek?

How is the school associated with its immediate
community? How is the school sssocciated with the
larger community, the nation?

¥hat methods and technigques and procedures are
available for finding out whether the pupile are in
fact developing adequately and learning effectively?

What administration and management technigues have
been established so that the work of the school is
linked to the entire hierarchy of activities
directed towards the development of the community
and the nation? '

'All these questions and many others of a similar nature
are relevant in the context of e discussion on evaluation.
Depending on the nature of the task in hand, some of them
become more important than others. In this paper it is
suggested thet staff engaged in "Assessment and Evaluation" of
pupils (and perhaps of the other aspects of the school system)
should raise these questions explicitly and consider them at
least briefly.

OUne can get answers to these gquestions which are specific
but "static" in outlook. It is also possible to get answers
that, while being specific¢ and operational, have an element of
dynamiem, fall into a meaningful perspective and, in particular,
have the overtones of an "on-going" programme, adapting,
assimilating, evolving and actively growing in many dimensions.
It will be aecepted that the latter type of answer is more
useful to the “designer" st all levels than the former.

Hence, "design staff" in the field of "Apsessment and
Evaluation" may need to consider the scope and nature of an

educational system as a wheole, An education system - as all
"systems" - can be viewed and analysed in many ways. = "What

particular pattern of analysis is specially relevant?" is an
important question. ' )
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Uswally design steff concerned with "Assessment and
Evaluafion” are alsec intimately associated wiih curriculum
design and developmeit. A discussion on "BEvaluation and
Assessment" must, therefore, be based on & critical review
of the general conceptiual and methodological aapects of
curriculum development,

Curriculum developpent, viewed in the most general
terms, involves the following principal processes:

Firstly, it involves a complex set of group decis-
lons of a multi-disciplinary nature including msuny
value judgments {the decisions being brsed on avail-
able evidence, studies, expert opinion, body of
theory and leerning research), the totel complex of
decisions leading ultimately to a speoification of
objectives and content for a particular curriculum
or educational proegrammes.

Secondly, having regard to the availability of
reaources of npen, materiasls and time, resourcas for
learning and instructional procedures are devised
to set the conditions under which fruitful learning
experiences are made available to pupils. This
atage often involves work of an artistic, creative
and synthetic nature.

Thirdly, guality control and feed-back of evidence
.needs to be designed and elaborated o emsure that
curriculum plans are effectively realised.

Curriculum development involving the above processes is
not a one-stage operation. The third process, indicated
ebove, is essentislly the process "Evaluation and Assessment",
the valid use of which transforms the entire education pro-
gramme into a dynamic and continuous one.

Evaeluation and assessment are related to pupils, teachers,
schools, communities and the whole system. It can slso
concern.itself with the evalustion of simple outoomes in the
field of knowledge and facts; or more complicated and more
subtle learning outcomes relsting to the application of
knowledge, analysis, synthesis, eto. Furthermore, it can
d¢oncern itgelf with the development of simple and complex
skills at & variety of levels of versatility and adaptability;
and it can also relate to the evaluation in pupils and
teachers of the growth of appreciations, values and attitudes.
In any given case one mey be concerned with only a limited
aspect of evasluation. But the designer and research student
may need to see all these possibilities and these may need to
be recognised in a coherent perspective. At all times he
needs to be .conscious of what he leaves out of conasiderstion;
that which he leaves out he should leave out deliberately.
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2.0 Eveluation in chemistry - one component of the evaluation
cf seccu%”lgvel:ggneva‘ education programme

Second level educetion programmes, and in particular second
level general education programmes, have been the subject ef
study and criticael comment &t national and international levels
in the immediate past,. A classic survey in this context is the
"World Survey of Secondary Education carried ocut by Unesco in
1961. In this study and in related studies significant trends
in second level education have been recognised. In addition
to world-wide surveyc, regional studies ere also available, and
one that is directly concerned with the Asian region and relat-
ing to second level education is "Perspective of Educational
Davelopment - 1960-1980, Draft Asian Model", Unesco, Paris,
1964. Similar documentation and analysis are availabla for
the African region and through OECD for Europe. The current
aducational scene is characterised by an unprecedented expan-
sion of second level general education, Concurrently with
this, many scute problems of articulation of variocus levels and
iypes of educetion have arisen,. in addition, major questions
have been raised as to the suitability of curriculum specifica-
tions for this large pupil population with hetercgeneaus
characteristice. :

Furthermore, the rapid growth of science and technology
have brought in majer problems of educetional design, especially
as "eupil-time"” is limited. The curriculum of general educa-
Lon needs to be harmonised with the widening concepis of human
cadure, This aspect hes been particularly underlined in a
racont study by Unesce (Final Report - Meeting of Experts on
the Curriculum of General fducation, Moscow, U.S.S.R,, 19683
ineseo, Paris).

Contingent on the above changee which are taking place
very rapidly indeed, significant changes are occurring in the
meth:odr and content of education as knowledge is accumulating
at ar ucecelermting pace end new ranges of gkills and mechanical
azgisgtsnce are being offered to the tesching profession.

Is response to this and many other stimuli, educational
designers in the last decade and those charged with the
execution of educational programmes have sought to aasimilate
the new knowledge and %techniques and adapt them to existing
achool programmes to meet the changing needs. How guccesaful
these €€ forts have been is a question that needs analysis. '
Curriculum development, curriculum implementation and curri-
culum evaluation have become major asctivities within general
educational programmes. -Bignificant conceptional and proce-
dural guidelines have been recognised. (vide Unesco .Report
on Curriculum of Genersal Education, Moscow, 1968, and also
"inesco Regional Programme fox PrOmQting Educatianal Research
in Asia - Curriculum Research in Asian Countries - Workehop

‘Report", National Imstiiute for Educetional Research, Tokyo,

1968.)
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One of the mos: significant areass within the curriculum
wherein sctilve developmeni work has taken place in the last
decade is in the field of science education at the second level,
These development activities have occurred in the developed
as well zs developing zouniries. Curriculum development in
chemistry and the assvcisted programmes of evaluation in
chemistry learning and teaching is but one activiiy within
this exteusive and worli-wide ferment in second level education.

A programme of evaluation in chemistry must necessarily
concern itsell with cbjestives of chemistry teaching and learn-
ing. And an analysis 0f the objective of chemistry learning
and teaching will be incomplete without an appropriate compari-
son with general educational objectives associmted with second
level general educatiocn programmes. Statements at the general
level and the statements in specifie terms for chemistry had to
be consistent even though the level of resolution and idiom of
the latter are different. A relevant guestion, therefore, is,
what are the priority genceral ohjectives of second level
general education programmes? In what direction are these
objectives changing subsizntially or in terms of emphasis? It
A8 not possitle to review this issue comprehensively here. It
may be suificient to refer io a recent summary at the inter-
national level. The relevant reference is given below.

Meeting of Experts on Curriculum of General Education
(Moscow, U.S.8,R,, 16~23 Janusry 1968), Final Report
ED/C5/4/11, tUnesco, Paris, June 1968.

A consideration of the sbove study as well as such studie
as are reporied in -~ :
, Invitetional Conference on Testing Problema, Uctober
1967 (Chairman: B.S. Bloom); Educational Testing
Service, Princeton, New Jersey, 1968. ‘
and ) ' ;
4 Selected and Annotated Bibliography of Studies :
conoerning a Taxonomy of Educational Objectives - '
Cognitive Domain, R.C. Cox, N.J. Unks; Learning
Research and Development Centre, University of Pitts-
burgh, 1967. o
would indicate that many problems of evaluation in chemistry
can ke profitably viewed as special cases of a general class
or problems in relation to evaluation within second level
educationy = T : : o

e e i b Vi

7 This is further reinforced by the viewpoints implieit in
the Workshop Report - Curriculum Research in- Asian Countries -
NiI.E.R.ngokyo, already referred to. o )

.-
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3.0 Evaluation in chemistry & mejor process in an education

syetem
An educational system is a complex, highly organised
entity. It involves thousande of acheelsa, tens of thousands

of teachera and non-~teachers, and may involve several million
pupils. All these individuals constitute a large argsnisatlon
with explicit and implicit aims and purposes.

Evalumtion is one of the major processes occurring within
this complex syastem.

"In recent years attempts have been made to study and
analyse education systema using the concepts and technigques of
"systems analysis™. An attempt of a general nature in this
direction is found in a recent study entitled:

The World Educational Crisis - A Systems Analysis,
Philip Coombs, International Institute of Educational
Planning, Paris, 1968.

The framework used in this analysis is general and is indirectly
relevant. The recognition of an educational system as a dynamic
one with diveraze "inputs'® and "outputs" and responding to many
"internal" and "externsal" pressures is & necessary aspect of the
insight for staff at design and research level.

Two modes of analysis having implicit in it a systems
approach directly end indirectly relevant to "Evaluation" are
given in the Annexe to the study relating to the curriculum of
general education cited above. (Repart on. Curriculum of General
Bducation - Moscow; Unesco, 1968.)

Curriculum design, curriculum development and curriculum
evaluation involve complex modes of communication and execution
within an education system. Among other things the adequacy
of such communication will ensure that the system will adapt and
grow. The dynamics of interaction that are brought into being
when asctive currieulum development and curriculum evaluation
programmes are initisted within an educaticn system is very
caomplex. Tha pattern end range of interaction vary from that,
which occur at the levél of policy decision makers (ministers
and directional staff) to the various complex interactions which
occur at the level of principsle, teachers and pupils within
schools and clasarooms. Thie latter group forme the primary
focus of ettention around which the entire education system
aperates.

Curriculum .development and curriculum evaluation need to
be designed and consciously directed recognizing the multi-
plicity of these interactions and with the specific objectives
of winning active participation and involvement of all the
varying participant groups.

@
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The recognition of the totality of these interactions,
and thereafter recognising evaluation in perapective within
the system, may require techniques of analysis other than
"verbal" ones, Two schematic models which complement one
another are given in the Annexe to the Final Heport of the
Moacow Conference on Yeneral Education.

Detailed descriptions of these theoretical constructs
are given in the Workshop Report of the N.I.E.R., Tokyo, and
in the Ministry of Educetion, Ceylen, pamphlet "Structural
and Funciional Aspects of an Educational System - Ceylon,

1967",

In the implementation of curriculum Programmes many
pecple are involved. These participants operate at a variety
of levels, The participants fall into the following broad

categoriea¥:

(1) One group of participants essentially operste at
"survey" taskas and analyse the present curriculs
and teaching programmes, describing the present
situation, An attempt ig made to imolate signi-
ficant problems associated with the system.

(2) A second group of participants could be involved
in assimilating information such as obtailned above
and recognising the problems specifically, breaking
them into detasiled problems of &n operational
nature end then trying to work out alternative

(3) A third group of participants could be policy
direction and design staff in education systems
who seek to assimilate and adapt the information
such as that obtained by the above participants,
and to plan out teaching programmes for the
various education systems in which they function..
These participants will be essentially involved
in designing plans and implementation programmes i
using selected preferred lines of approach. :

(4) Another group of participants would essentially

' be charged with tasks such as communicating the
plans, with programmes of teaching, to executive
levels within the educational systems, leading
ultimately to communication and assistance to
principals and teschers working in the achools,

* Although functionally isolated, the same individuals may thus

often be functioning in more than one group.
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" (%) Still ether participante will be engaged in assist-
ing at all these various levels and controlling and
supervising the programmes .

(6) The last and most important group of participants
could be teachers who will be seeking %o implement
the curriculum programme in the classroom. This
group is centbral to the whole programme of aotivity
snd other functions so as 1o asesist them in their
work.

(7) But on-going curriculum programmes, having vitality, .
must necessarily involve g further critical group
of participants whose primary task is the sssessa-
ment and evaluation of the achievement of curriculum
ghjectives. Phese curriculum objectives and hence
evaluation may relate to aspectis of functions of .
design level staff, teaching level staff and

. asgsessment and evaluation of pupil growth and

development. ' _ .

As has been indicated, & curriculum development and imple-
mentation programme can fail +to operate or, when it operates,
fail to operate adequately and achieve desired goals effectively,
on mocount of inadeguacies at one Or more of these various
levels of participation. In short, genersal education pro-
grammes may fail because deaign staff did not participate
aedequately with proper consultation and appropriate contacts
with scheools. At another level the plan and programme staff
may have participated in A manner which was not comprehensive,
consistent and workable. Agein, even when the design is
adequate and the plans and programmes &re comprehensive,
consistent and workable, the message given to the operational
levels in the schools and in the clagsrooms may be inadequate,
unclear, ambiguous (full of neise). . Curriculum implementation
programmes may &lsc faeil because of the inappropriate alloca-
tion of resources of men, material ard time. Even if all the
above are adequate, still the quality of implementation may not
be high, because supervision and assistance has not been gliven
in full measure. When all of the aspects are perfect, even
then the entire situation can be "astatic®™ and lacking in pro-
gressive characteristics (tending to fossilise) after omne sBlage
of development if evaluation programmes &re inadequate. Evalua-
tion and assessment are not only essential to ensure an on-going
programme, but must cccur at all the levels ranging &ll the way
to olassroom implementation. Evaluation must be:d;rectad
towards locating all the various types of jnadequacies that have
been referred to above. The brief account given would indioate
the critiocal role that sssessment and evaluation play in an '
educational programme. When the pace of change wag not very
rapid and the sense of urgency relatively low, then the need for
feed=-back information wae less acute than now. .With a very.

rapid pace of change and.an acute sense of awareness and urgenacy,
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in & programme such as design and implementation of
general esducetion programmes where Ygingle-valued reall®
solutions cannot he worked ous from established theoretical
frameworlka, there is a nsed to wmoniter continuously the
validity and workability of design programmes st the imple=-
mentation level. Braluation is not an activity that is limited
to simple evaluation of pupil growth per se. It ie ftrue that
ultimately the finel test of the adequacy of an education syatem
will be the ssasszsment of pupil growth. If this occurs ade-
quately and effectively, then 4c that extent it may be possible
to argue that all other components are funotioning reascnably
adeguately.

Usually, unqualified success of design attempta does not
attend a complex implementation programme, such as in the field
of general education. Only par%tial success is achieved. The
limited success mey be the result of limitations and inede-
guacies occourring at all the varicus points in the implementation
saquence outlined above. . Bvaluvation must be directed towards
achieving an understanding of verformance characteriatics and
also towards disgnosing the particular problems which could
arise and cause the partial schievement at any given level.

Curriculum development involving all the above complex of
processes is net s one-stage operation. The continuous nature
of curriculum development and implementation has %o be recog-
nised all the while by all the various participant staff
indicated. : ' '

Bveluaticn is an integral part and process within the
larger programmes of curriculum development in an educational
system. Well nlanned evaluation programmes can be an immensae
aaset in curriculum implementation.

Ultimately the success or failure of an education programme
wust necessarily be nssessed by the adequacy with which it dis-
charges the assigoment given to 1t by the community it serves.
The assessment of community growth itself must therefore become
an integral part of the evaluation. The assessment of the
pupils, teachers, principals, supervisors, administretors, ete.,
may well be elements which will make up this final assessment
and evaluation. .

The =chool system is essentially an agency established by
the community and is the msain sgency through which & community
develops its ideals and attitudes and culture through genera-
tions -~ comserving it, developing it and extending it. Every
moment, everyone is actively going through processes of
education snd change of one type or another. This education
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may be imparted in ah informal manner through the various mass
media technigues or in a2 formal manner through the established
institutions such as schools, etc. The focus of attention in
the current paper is essentially on the role and function of
evaluation within and related to the formal agencies.

At each of the various functioning levels within an educa-~
tional aystem, evaluation needs to be carried out in signifi-
cant dimensions. An evaluation programme to be comprehensive,
consistent and adegquate in practice must concern iterlf with
all the various possible dimensions, namely:

the dimensions of cognitive achievement™;
. . . s
the dimensions of psychomotor execution ; and

: . . I . i E 3
the dimensions of affective involvement .

The evaluation of any individual or group at any one of
the levels within education must ideally be concerned with
eveluating in all of these various dimensions. It may well be
that the particular problem in hand and the limitations of
current conceptual and technical knowledge and skills may com-
pel one to limit severely the aspects which will be subjected
to evaluation. While this may be so it is necessary that
design staff should recognise explicitly, and at each level,
in easch situstion, the various aspects which their evaluation
programmes leave out of consideration. I+ would be valid to
argue that design staff have no justification for leaving
things out by defaultd, forgetfulness and lack of attention.

Un the other hand, if limitation in knowledge, skille, etec.,
compel one to leave things out then it would be appropriate

to leave aspects out explicitly and deliberately, recognising
that all such omissions bring in limitations in relation to the
interpretative value and usefulness of the data.

£ The details of these various dimensions and the sub-levels
within them have been described in the context of curriculum
development and evaluation in an associated working peaeper
entitled "Theoretical fonstructs Relevant in Curriculum Devel-~

opment and Evaluation". This study uses a conceptual analysis
which is essentially an adaptation of the analysis of Bloom,
krathwohl et al. in this field. The scheme of analysis in the

reference cited is comprehensive, in that it includes the psycho-
motor domain as well. :

36
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2. valuation - a Critical Stimulus

to Science Curriculum Development in Ceylon

by J. Ratnaike

Generalised patterns of project planning and management,
applieable to such diverse areas of human activity as indus-
try, government, educational planning, defence and warfare,
have appeared in the last few years. Hegardless of the
sophistication of the nprojects, their specific or genersal
nature, or whether they be limited or extensive, the frame-
work of essential, integrated, cyclic, unit operations
(deeision making, planning, communicating, executing, con-
trolling, evaluation) has been found to be versatile and
effective as a conceptual tool for programme design and
management,

Useful transfer of these ideas tc the planning of
science curriculum development has been made. The fiow
sheet of the operation elements of the Ceylon Curriculum
Development FProjeet (Figure 1), since 1958, reflects the
essential components and patterns of such generalised
analyses.

The purpose of this paper is to summarise the contribu-
tion which one important element - evaluation - has made to
the Ceyleon Project, and to identify areas where further
acticn-research is reguired. An underlying festure of the
action-research programme involving evaluation, and in fact

involving all the other elements of the project, is the extent

of réalistic compromise from ideal situations that was made,
particularly because of resource constraints, in a developing
country like Ceylon, engaged in a major curriculum develop-
ment programme. Nevertheless it will slso be rocognised
that even without brilliant and sophisticated break-throughs
in ideas and techniques, if a comprehensive, consistent and
workable plan is designed, a considerable amcunt of construc-
tive and productive preliminary activity may be successfully
completed - within the restrictive framework of limited time,
and humgn and material resources.

Phase One

Planning and decision making for a project requires data
relevant to the situation. Some subjective evidence was
available that the teaching in Ceylon was didactic and aca-
demie, and coaching for examinations the prime objective of
" the "teaching". The question naturally arose as to what the
characteristics of these examinations were, This generated
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FLOW CHART SHOWING MAJOR ELEMENTS
OF THE CBYLON SCIKNCE/MATHS _FPROJECT

(from the SEANES Report on the Ceylon Project)
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the need to define specifically what objectives were to be
examined. Neither the Bducation Departiment, which bore the
responsibility of teaching pupils for the S$5G/GCE 'C!' Examin-
ation (pupil age 16+),ner the Examinations Department, which
evaluated the pupils and issued them certificates, had
specified objectives for the examination in significant
dimensions sufficient to locate inadequacies in the examina-
tion and show guidelines for correction.

The definition of objectives was indeed a major operation,
for it meant not only the translation of soeio-political
objeectives into objectives of science teaching, but also
defining the objectives in such a manner as to provide opera-
tional cues for the design and assessment of science teaching.
The pregnant sccial changes that had taken place in Ceylon
since 1956 brought in their wake major changes in the nature,
composition, hopes, aspirations and functions of the school
population, The percentage of pupils in the age range 14-16
who had some opportunity of utilising their science learnings
at higher levels was less than S%. Of all the 14 year old
pupils in the science classes, 95% were to join the general
public of Ceylon for whom this was a terminal course in acience.

The urgency of the task of curriculum development, and the
limited number of trained personnel, prevented an extensive
and intenesive analysis of objectives in all their multiple
dimensions, &t the start of the Project. The action~research
programme isolated some of the critical ones, in one dimension,
and used these for the analysis of the examinations and as a
preliminary working base for further work or clagssifying
objectives and planning. '

The preliminary set of cognitive domain objectives used
was as follows (each of these was further broken down into
sub-objectives): )

,I Ability to recall imporitant information.
TI Ability %o apply principles gualitatively.

III Ability to apply principles quantitatively.

IV Ability to use the methods of the scientist.

It wes recognised that, at this preliminary stage, no
ettempt would be made to work out or utilise objectives for
the affective and psychomotor domains, end at that time (1958)
no analyses or taxonomies for these domains were available to
the Project. : :

The analysis was made in tabular form, and the results
for the years 1952 to 1958 clearly indicated that factual
recall was indeed the major objective being tested in each
of the science subjects. The application of knowledge
appeared in less than 10/ of the guestions, and not a single
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question required the pupils to analyse an experiment and its
results for velidity, or design considersations, or assumptions,
nor to synthesize an experiment for a given situation. o
guestions appeared in which a pupil had to evaluate a gitua-
tion in terms of internal criteria, or show his level of
achievement in using the nature of proof. The relative
cruieness of the objectives framework used did leave some

room for argument as to the precise ocbjective under which the
guestiona were clessified. Also here was an inherent ambi-
guity since it was always possible that what was classified as
"application' could be "faetual recall", for it depended on
the vaguely defined learning experiences of the pupils.
devertheless, it was clear that these examinations required
the pupil to exhibit his powers of memory much more than his
level of understanding and critical thinking. It was not
surprising that when examinetions demanded essentially recall
of fact, the teaching, geared to the examination, also
encouraged regurgitation of faetl.

The second characteristic of the exsmination investigated
was content coverage. This was done for the same years ab
above, and the content areas were definec by the Examination
Syllabuses of the Science Subjects, issued by the Examinations
Department. The sub-division of the content areas was based
on the usual conient units as they appeared in textbooks and
which were traditionally used in classroom teaching. In
tabular form it was clearly visible that certain content areas
in each science subject were sampled many more times than others
(nitrogen in the chemistry exeminations 24 times, equilibrium
5 times, while heat and chemical change not once, in 14 examin-
ations). Furthermore, with & pass score of 35w, and with
gptional questions present in the soience examinstion papers,

a pass could be obtained by a pupil who had covered a minor
portion of the content areas in a particular subject. Repe-
tition of stereoiyped questions from a relatively limited
number of content areas enhanced the possibility of guessing
examination questions, and encouraged pupils to leave out
large areas of the syllabus.

A furiher significant characteristic was investigated -
the pupil performance in these examinations. In spite of the
paucity of content coverage, the feirly high predictability of
the examination questions, and the demand for essentially
recall of fact at the expense of higher levels of achievement,
the number of failures at these examinations was high. . Further,
those who failed, failed very badly. More than a third of the
pupils whe sat scored less than 24/100. -

This analysis raised .the need 10 investigate the reasons
for such failures and wastage, at least in terms of sgtandards
and facilities for teaching the curriculum and ita relevance, i
its adaptation to the needs, interests and indiyidual differ= !
ences of the pupils, and itis communication, the amount and 3
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quantlty of supervision and guidance available to teachers
and pupile, promotion policies, and socio=-sconomic factors.

These relatively simple anelyses, involving very little
training and expense, were able to provide a very useful
though limited profile of the examinations and, through them,
the kind of teaching that had prevailed up till then. They
were also able to isolate several critical problems that
needed immediate investigation and solution.

Phase Two

Accepting the fact that examinations exerted great power
over the methods of classrcom teaching, it was decided that a
more valid examination should be held, to start with in chemis-
try, while still using the existing syllabus, -~ The atrategy
was to accumulate experience over time, through a series of
relatively small changes, and do so in a manner that ensured
a buxlt in mechanism of improvement.

This was done in 1961, and was continued untll the revised
syllabuses were published. These examinations were gpeci-
fically designed to correct the defects identified by the
previous analyses. To cbtein wider content coverage, slthough
the same number of questions as previocusly was retained, each
question was broken into several sub-gquestions or items. A
detailed table of specification was used in the design of the
question paper. Since the papers were of the free response
type, to enhsnce the reliability of the marking, the questions
in the paper were structured, so that answers had to be speci-
fic and short. : -

In addition, = reflned, explicit and detailed marking
scheme was produced in co-operation with Chief Examiners (who
supervized the Marking Examiners) and the Marklng Examiners.

Each Marking Examiner filled in a special data form indi-
cating the pupil performance of the first 40 papers he correct-
ed, and of the last 40 papers he marked. .The selection of
acrlpts was therebj assumed to be random and the sample wae
about 25% of those altting for the examination. .The selec-
tion was aleso assumed t¢ be stretified in the fcllcwlng
respects. At the stert of the marking, the MNarking Examiner
would not be very familiar and conversant with the detailed
marking scheme, but he would not be bored, or working under
the stress of proximiy te the marking deadline. On the
other hend, when he had almost completed his set of soripts,
he could be bored and under stress but would be thoroughly
familiar with the marking schemes. The pupil achievement
profile of this sample was close tc the profile of the total
population sitting for the examination. .
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The data for the performence of each part of each guestion
were collected and analysed for the following characteristics,
for all three medis, Sinhela, Tamil and English:

(i) Frequency cf choice per question and per item.
'(ii) Freguenoy of zero marks per item.
(iii) Difficulty indices per question and per item.
(iv) Ordinsry pass in whole paper ves choice of item.
(v) Credit pass in whole paper vs choice of item.
(vi) Ordinary pess in whole paper vs 50% score or more
: in item.
(vii) Credit pass in whole paper vs 50% score or more
in item. )

(viii) The distribution scross the score range.

((iv) to (iii) were indices of diserimination,) This analysis
provided a more detailed profile than before.

Equally important was the fact thet all the mechanical
aspects of the analyses could be handled by staff with
hardly any specialised training or knowledge of statistics.
Nor wag smpecialised equipment required. In fact the entire
operation for the three years 1961 to 1963 was done without
even calculating machines, and with only the assistance of
teachers and pupils at the school where trial teaching of the
new curriculum was being conducted. Yet it was possible to
obtain a variety and detail of deta useful as feed-back for
curriculum development. These operations served as eritical’
explorations in the techniques in evaluation to be used later,
after the new examinationse and the new syllebuses had been
introduced in 1963, They were also effective for the in-
service training for staff in a real rather than & contrived
action-research situation.

Phase Three

Having gathered some experience in the use of tables of
specifications, and in the preliminary analyses of data, :
in 1963 the new exsmination syllabuses were produced, together
with prototype question papers. The tables of specifications
utilised Bloom'a Classification of the Cognitive Domain. For
the first time in a national science examination, an outline
of the objectives (other than content to be tested) was alsoc
included in the syllabus.

Each science examination now consists of & multipile choice
(objective) type paper, and a free response (essay) type
paper, with a relative marks weightage of 2:3. Also an
extensive and detailed programme for further action-research
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in evaluation has been drawn up, and used feor the new examina-
tions since 1965H. By 1965 a number of personnel had already
been trained, and superior facilities, such a8 computer-time
and calculating machines, were available.

The study of the examinations is being done on a 5=10%
national sample, stratified in terms of educationsal regions,
type of school, medium, B88X. The kinds of analyses involve
pefrformance correlations among the objective type papers and
the essay type papers within each science subject, and across
the science subjects, correlations made across first language,
methematios and second language, for validity studies;
difficulty and disecrimination indices for item anslysis; end
effects on pupil performance due to factors such as sex of
pupils, geographicel region, type of school, urban/rural,
teacher experience and gqualification, parental education, occu-
pation and income. 45 = basis for investigating predictive
validity of the examination, a follow~-up study of.each sample
will be ecarried through for ten years.

The production of a general aptitude test has started,
and trial testing will begin in a month's time. This will
be used later as an additional dimension in the validity
studies.

While the investigations mentioned above were of prob-
lems having direct relevance in the present stage of develop-
ment of the theory snd practice of measurement end evaluation,
and capable of being wholly or partially solved on & shori-
term basis, the Project was not unmindful of problems wkich,
though significant, were of such a nsture that they reguired
long-term fundamental research and a significant break-through
tn the conceptual viewpoint for their solution. - The working
papers produced on the restructuring of the Bloom classification,
and the outline analysis of the psychomotor domain are an
example of this. ' Other problems are ihose which arise as a
result of the assumptione, limitations and restrictions that
apply tc widely used measures, theories and methocs of educa-
tion measurement and interpretation, much ae the nature and
characteristics of: :

the proacess of measurement,
the process being measured,
the instruments used for measurement,

' the interaction between one or more of the above.

SRR

The limitations

The cyclic operations (decision making, planning, commu-
nicating, executing, controlling, evaluating, ideally take
place at each level of policy making and/or execution. In
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the field of science curriculum development, one level at which
these cyclic operations take place may correspond to the commu-
nity and its functicnal organs, such ss Parliameént and the
Ministry of Educstion. :

The next level may correspond to the Directorate of the
Ministry of Education; the third level to field and supervisory
staff; the fourth to the principals of schools; the fifth to
the teacher, and the sixth to the pupil. - Bach level would
contain the operations of decision uwaking, planning, communica-
ting, executing, contrelling and evaluating, and each level
would be articulated with the next through the operation of
communication. :

In this context, for the teacher and pupil levels, the
widely used trisngular pattern (Figure 2) may be thought of as
g simplified and reduced mcdel of the general structure (Figure
3), where decisions in relation %o content of teaching, plan-
ning of the organisation of this content, the mechanics of
communicatién and the centrolling of the pupil are coalesced
into & general activity described as "feaching®”.  "Evaluation"”
is considered apart. This particular reduced pattern is help-
ful in focussing attention on eveluation. (In considering
contexts other than evalustion, where the focus of attention
may be another aspect of the teacher-pupil situation, another
reduced form may be more appropriate. The reduced form also
depicts the conkinuously changing and repetitive role of the
teacher in the claswroom, as one who operates to facilitate
learning, as one who mssesses pupils’? growth. )
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At each of these respective levels of execution, and for
esch unit operation, within each level, the process of evalua-
tion has to be considered as an inseparable component and an
essential means of feed-back and self-correction.

While the problems of pupil achievement evaluation have
been investigated fairly extensively, at least in the cognitive
domain, becauss examinations and examinastion results of pupils
have an immediste and tangible socio-economic importance and
high powers of motivation, and even though their contribution
by way of feed-back of pupil performance and specification of
the test items is very asignificant and effective, it must be
remembered that measurement of the change in behaviour of
16 year old pupils is not the end product of this series of
operations which started with the conversion and translation
of socio-political objectives into teaching objectives and
filtered through the various ievels of execution-. -

The end product is the type of behaviour exhibited by the
pupils after they leave school and become. citizens of the
country, whatever their fields of endeavour may be, as buddhist
monks or teachers, betel sellers or bus conductors, doctors or
politions,lawyera >T housewives, engineers or farmers. A
pupil's schievement at 16+ is not necessarily an indicator of
such an end product, and it is certainly not & direct indice-
tor. Ideally the process of end product evaluation ghould
involve the evaluation of the magnitude and direction of change
in the community. Even if it is temporarily assumed {however
incorrectly) that pupil growth and achievement at 16+ may be
taken as the end product, the indices of achievement and growth
of pupils (as represented by examination results are OnNce,
twice or thrice removed from many of the major elements of the
programme, such as decision making, communicetion, contrelling-
These indices are products of, highly complex processes 8B of
interaction, both positive and negative, among all the opera-
tions of all the levels. To eveluate these separate operations
by extrapolation from examination results of pupils alone is
indeed s hazardoux process, and one unlikely to provide signals
of sufficient specificity and discrimination %o be used for
improvement of the major operatiions.

‘The Ceylon Project racognises this very serious drawback,
and, while exploiting the examination achievement data of pupils
to the maximum, has initiated action-research programmes to
develop finally means of direct evaluation of all the operations
of science curriculum development, atb all levele of execution.
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3. Improvement of Evaluation Practices

A study cf the G.C.E. t0! science e;aminatian

by P. Samaranayaka

The G.C.E. 'O!' examinetion in physics, chemistry and
biology based on the revised syllabuses was first held in
December 1965. Phe study of the examination and pupil
performance was done on & national stratified random sample
pelected prior to the exanination.

Nature of the sample

Of the pupils appearing for the examination, only those
appearing for the first time from government and director
nmanaged schools and offering all three science subjects
(physics, chemistry and biology) were considered for the
gample. '

The sammle strength was about 10% of the above population
and was selected in terms of the following strata: '
(1) F¥dueational region.
(ii) Medium of instruction.
(11i) Grade ‘of school.

In Ceylon there are fifteen educational regions broken
down in terms of their geographical location. There are two .
media of instruction: Sinhala and Tamil. For the purpose of
this study the schools were classified into two groups:

schools terminating at the G.C.E. 0! science level and the
G.C.BE. 'A' science level. (

The population was broken down to clusters where a clus-
ter represented a school unit.

Operations in the sample selection

On the basis of information received from the schools
regarding their G.C.E. '0' entries for the December 1965 exam-
ination, a list of schoole containing the following particulars
was prepared. - : :

(i) Name of school.
(ii) Educational region to which the school belonged.
(1ii) Media of instruction of the §.C.E. '0' science streams.

(iv) Type of school (whether G.C.E. 10t terminal or G.C.E. 'A'
terminal). .
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(v) Type of local body to which the school belonged (whether
Municipal Council (MC), Urban Council (UC), Town Council
(mc), Village Committee (VC)).

(vi) Number of pupils entered for the examination in each of -
the medisa, Sinhala and Tamil.
(vii) Pupil enrolment in the school from Grade VI upwards.

Subject to the stratification referred to earlier, three
different samples were drawn at random. Thege three samples
were examined by a panel consisting of the Deputy Director
General (Secondary wducation), the Chief Bducetion Ufficer
(Science) and another enior Chief kducation Officer with wide
experience in the field. Their judgment was sought to select
the sample which was most representative in terms of an urban/
rural veriable (whether pupil's home was in a rural area)
which was not a strata factor considered in the selection of
the three samples. The urban/rural background was used as a
crude index to reflect the socic-economic background of the
pupil. :

On this basis 42 schools {clusters), of which 28 presented
candidates in the Sinhalese medium while the other 14 in the
Tamil medium, were selected. The total number of pupils in
the Sinhala medium amounted to 688 and in the Tamil medium 393,
making a total of 1081 pupils. The sample was called the
National Stratified Random Sample.

B

Procedures farﬁgsrrecti@n'cifscripts of the sample

A specially selected panel of exsminers: were entrusted with
the correction of scripts in physics, chemistry and biology of
this sample. The panel consisting of 14 examiners per subject
worked under the direct supervision of the Controlling Chief
Exsminer of the respective subject, for a period of ten days.
In addition to the correction of scoripts, these examiners were
called upon to fill in a sheet (Data Sheat 1) in duplicate in
respect of each of the pupils in the sample. ‘The pupil res-
ponse for each of the 40 questions in paper I (irrespective of
whether the response was correct or incorrect) was entered in.
Data Sheet I. In addition the score per question of paper I1
was also entered in this Data Sheet I.

Pinally a summary of the data in Data Sheet I was made.
This summary gave the following particulars in respect of each
cluster. The number of pupils selecting each choice of aach
guestion in paper I, the number of pupils who omitted a parti-
cular question in paper I and paper II, the number of pupils
who failed to score in each of the questions in paper 1I. Data
Sheet I, in duplicate, had to be completed by these examiners
under the direct supervision of the Conirolling Chief Examiner
of the respective subject. : : - :
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Mode of analysis of Data Sheet I

Date Sheets I were scrutinised amcross subject, and any
pupil who had absented himself from any of the subjects '
physics, chemistry or biology was struck off from the sample.
The number struck off from the sample on this basis amounted
to 29, which was less than 3% of the sample. The final
sample had a total population of 1052 pupils.

Dats Sheet I was used to process the following information.

(i) Difficulty index of each of the questiona of paper I, in
respect of each medium and total sample.

(i1) Response per cent in respect of each of the choices of
the guestions of paper I in respect of each medium and
total sample. C

(iii) Percentage of omissions in respect of each of the guestions

of paper I in respect of each medium and total sample.

(iv) Diserimination coefficients of each of the guestions of

g

paper IL..

Other dsta

A file is maintained in respect of each of the pupils in
the sample which contains his G.C.E. '0' answer gseripts of
physics, chemistry and biology. In mddition a copy of his
cumulative record is maintained in his file. His performance’
through school and any ether educstional jinstituie ie alea kept
track of and these particulars are algo recorded.

) In March 1966 the Vedanayagam Non-Verbal Intelligence Test
and the Jayasooriya Verbal Intelligence Test were adminisgtered
to these sample pupils and these work sheets are also kept in
their respective files.

In addition to Data Sheet I, another sheet for recording
pupil deta was designed. This sheet, referred to as Data Sheet
II, contains the marks of the pupils in the sample ian the
following papers.

(i) First language
(ii) Second language
_(iii)-Eathematics / arithmetic
(iv) Physics '
(v) Chemistry
(vi) Biology _
(vii) Vedanayagam Non-Verbal Intelligence Teat
(viii) Jayasooriya Verbal Intelligence Test’
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These marks are recorded in Data Sheet I1II in terms of
clusters. In addition to these marks, Data Sheet 11 records
the teacher guslification and experience in respect of physics,
chemistry and biology.

Teacher classification is in termsz of five broad groups:

(1) Graduate with over 5 years' teaching experience.

(ii) Trained with over 5 years' teaching experience after
training.

(1ii) CGrsduate with less then 5 years' teaching experience.

(iv) Treined with less than 5 years' teaching experience after
training.

(v) Others.

A record of the pupil's socio-economic status is also main-

~tained in Dats Sheet IX. These sre maintained in reapect of:

(i) parental income;
(11i) parental occupation;
(iii) parental education;
(iv) type of local body in which the pupil has been residing
for the longest period of time.

Mode of gnglysia,ofibata;§heetwgg

Analysis of Data Sheet II is classified into two main groups:

(i) Calculation of strata population, mean, median and standard

. deviation of physics I, physics 1I, chemistry I, chemistry
ITI, biology I, biology 1I, first language, pecond lenguage
and mathematics/arithmetic in terms of each of the strata
on which the sample was selected.

(ii) Celeulestion of the inter-correlation among peapers and
different combinations of papers for the total sample.

Analysis of other data

Dets in terms of each pupil's progress through a minimum of
5 years after sitting the G.C.E. '0' examination is in the pro-
cess of being colleoted. Analysis and interpretation of this
data has just commenced.

1966 G.C.E. 'O

The nature of the population for the 1966 G.C.E. 'O! exam-
ination was similar to that of 1965. However, the siZze of the
gample was brought down to about &k. This step was tsken with
a view to limiting the sample. population to handlable numbéers

gy
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as it was predicted that with time the population would increase
significantly.

The nature of the sample for 1966 wes slightly modified from
that of 196% in that sex was also introduced as & stratum in
addition to educational region, medium of instruction and the
grade of school.

The breakdown of the population into smaller units (clusters)
where a cluster represented & school unit was found to be rather
unsatisfactory as certain schools had as many a8 two hundred
candidates who were eligible for selection to the sample. If
this type of cluster was selected for the sample it was evident
that the sample would be heavily loaded in one direction or another.
However, to eliminate such a school on these grounds would neces-
sarily make the sample less repraesentative. As & compromise
solution it was decided to break down each school unit into
gimpler clusters where the maximum pupil sirength per cluster
was fixed at 30. On this basis & school which has 100 candi-
dates aeligible for selection to the sample.is broken down to 4
clusters where each of the first % clusters has 30 pupils and
the last carries the balance of 10 pupils.

Maode ;f,gelectipn,offthe sample

~As opposed to the 1965 procedure where the basic information
regarding G.C.E. '0? entires were collected from the schools, in
1966 this information was collected directly from the G.C.E. 'O
entry lists of the Department of Examinations. :

In this manner the following informetion was reocorded.

(i) Educational region.

(ii) Nameof school.

(iii) Grade of school.

(iv) Type of management of school.

(v) Medium of instruction. '

(¥i) Number of candidates in each sex.

(vii) Centre number.
(viii) Inclusive index numbers of the caendidates.

PThe information collecied was condensed and recorded
educational region wise. With the help of this information the
total strength of the sample and the gtrength per stratum were
determined. Having numbered the clusters in the serial order,
five different samples of clusters were selected at random
subject to the above stratification using a table af random
numbers. From these five samples one sample was selected by

e panel of three members consisting of the Deputy Director General
of Education and two others so that this sample would reflect a

110
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belance in terms of the socio-economic factors that aoperate in
the population. This selection was done on similar criteria

as used for the final sample selection of 1965. As the Sinhale
population in the samples amou  -ed to approximately 13/ of the
population, only every other cuudidate of the Sinhala sample was
included, while the Tamil sample was taken in tote. On thisa
basis the maximum strength per cluster of the Sinhals medium
population was brought dewn to 195 while that of the Tamil medium
population was 30.

The sample for 1966 comnsisted of 90 clusters representing
88 schools and the totsl pupil strength was 802. Of these, 73
clusters consisting of 552 pupils were in the Sinhala population
sample and 17 clusters conaisting of 250 pupils were in the
Tamil medium population.

Panel of examiners

The panel of examiners for correction of scripts consisted
of 18 for each of the subjects physics, chemistry and biology.
Ag in 1965, they were entrusted with both marking of scripts as
well as entering of Data Sheets I under the supervision of the
Controlling Chief Examiners of the respective subjects.

QOther dats

The collectien of other dats of the sample was done in a
menner siwmilar to thet of 1965. '

Mode of snalysis of data

. Analysis of Data Sheets 1 was similar to that of 1965.
Nineteen pupils from the Sinhals population and 10 pupils from
the Tamil population had to be deleted from the sample, as
pupils had absented ‘themselves from one or more of the papers
in physics, chemistry and biclogy. The sample was reduced %o
773 pupils as a result of these deletions. Difficulty indices,
response per cent and discriminetion coefficients were worked
out for each of the items in paper I of physics, chemistry and
biology.

The analysis of Data Sheet 11 was slightly modified from
the procedure adopted in 1965, Anelysis of scores of the
Vedanayagam Non-Verbal Intelligence Test and the Jayasooriya
Verbal Intelligence Test was not attempted, as this G.Cc.E. 'O!
population was outside the range for which these tests had
originally been designed. ~Analyais of scores of the total

sample as well as per stratum was attempted in terms of the
following papers:. :

{i) ©Phyeics 1
(ii) Physics II
(iii) Chemistry I

LRSI
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(iv) Chemistry II
(v) Biology I
(vi) Piology IL
{vii) Specific combinations of the above six papers
(viii) First language
(ix) Second language
(x) Mathematics

In thie analyeis the population strength, mean,median and the -

standard deviation were determined in terma of each of the strata.

'In eddition, coefficients of correlation ameng papers and
of certain combinations of papers were attempted.

Other data

The performance of this sample, too, is to be followed
through the next few years for ultimate sanalysis. All the pupils
in the ssmple are kept track of and a file is meintained in
respect of each of these pupils.

1967 G.C.E. 10"

The nature of the population for the 1967 G.C.E. '0' exam-
ination was similar to that of 1965 and 1966. The size of the
sample was brought down further to 5%.

~ The nature of the sample for 1967 was esimilar to that of
1966 and the same strata factors were considered for the selec~
tion of the sample. The breaskdown of the papulation into
clusters was slightly modified in that the maximum strength of .
a cluster was fixed at 15. This was done by breaking down the
school unit to simpler units of maximum strength 30 and then
having selected these units of maximum strength 30 for the
gample at random, 3v2ry other candidate in these units vas
considered for the clusters of the final sample..

Mode of selection of the sample

The selection of the sample was again done on the basis of
information collected from the entry lists of the Department of
Bxaminstions. On the above basis 5 different samples of clus- .
ters were selected at random and a panel of three members inclu-
sive of the Deputy Director General of Education selected one of
these s0 that the sample would reflect a balance in terms of the
socio-economic factors that may operate in the sample. :

The sample for 1967 oconsisted of 100 clusters representing
97 schools and the total sample strength was T779. Of these, 72 .
clusters consisting of 589 were in the Sinhala medium population
and 28 clusters consisting of 190 were in the Tamil medlum popu~
lation.

11z
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Panel of exgminers

The panel of examiners for correction of scripts consiszted
of 20 for each of the aubjects physics, chemiztry and biology.
Ae in 1965 and 1966 they were entrusted with both marking of
seripte as well as entering of Data Sheet I under the 'supsr-
vision of the Controlling Chief bxaminers of the respective
subjecta.

Other deata

. The collection of other data pertaining to the sample is
currently being carried out. The principasls of the reapective
schoals in %he 1667 sample have been contacted and the names of
the pupils selected for the sample from each of their schaocls
have been communicated to them. The reguired particulars of
these pupils are now coming in.

Mode of analysis of data

Analysis of Dste Sheet I wus similar to that of 1965 and
1966, 19 pupils from the Sinhala medium population and 5 pupils
from the Tamil medium population were deleted from the sample on
criteria similar to those adopted in 1965 and 1966. The sample
was reduced to 75% pupils as a result of these deletionsa..

Difficulty indices, regponse per cent and disgrimination
coefficients wers worked out for each of the items in Paper I of
physics, chemistry and bioclogy. )

For the 1967 sample only this data has been analysed so far.
Analysis of Data Sheet II haes not been attempted as the collection
of the date has not yet been completed. However, an analysis
similer to that of 1966 is envisaged for Date Sheet II.

Interp:etgtian!aui,usa of data-

The G.C.E. '0O!' examination dete for 1965 and 1966 have been
analysed to an appreciable extent and some tentative interpretations

of this processed data have been attempted.

One of the major changes in the examination design that was
effected in 1965 was the introduction of an objectively markable
fixed response question paper for each of the subjects physics,
chepistry and biology. This paper, carrying 40 questions (Paper I)
wes administered in addition to an essay-type question paper {Paper
II). Paper II had the characteristios of the essay-type guestion
papers of the 1961-1964 G.C.E. '0' chemistry examinations.

At this juncture it is desirable to investigate whether Paper
T is testing the same things as Paper II. A way of looking at
this may be to examine ho~ the Paper I's of the science subjeats

N .
s
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correlate with the Paper Il's. The correlations for Physics 1
+ Chemistry I + Biology I vs FPhysics II + Chemistry II + Biol-
ogy LI for 1965 and 1966 are of the order of + 0.J. The corre-
lstions of Paper I to 1I for physics, chemistry and blology
teken individually sre also of the order of + 0.6 snd + V.7 feor
1965 and 1966 respectively. This order of correlatione may be
interpreted as significantly high. T+ mesns that the new
design of the examination has helped in the improvement af
marking reliasbility and content and objective validity, while
essentially testing similar factors.

The absence of suitable aptitude tests and 1.Q. tests for
the Ceylon G.C.E. '0' level child and the absence of horizontal
projections usable for predictive purposes 1is unfortunate.
However, the criterion cof what is traditionally called a good
student, i.e. performance not only in science subjects but also
in first language and mathematics, may be used as an index for
judging whether the science papers in the examination are behav-
ing significantly differently to the other papers of the G.C.E.
tQ!' examination. This may be achieved by examining the corre-
lation coefficients between the performance in all scilence
pepers (i.e. Physics I & II, Chemisiry T & I1 and Biology L & II)
with first languasge and mathematics. These are of the order
of + 0.7 for mathematics and + 0.4 for first language for both
1965 and 1966. ‘

Some tentative trends in achievement are becoming visible
in terms of the urban/rural hackground of the child, socisal,
economic and educational ‘status of the parent. But further
data is required in support of these trends before they may be
presented for discussion. Similarly predictive validities of
the exsmination would reguire several more years while cohorts
of the stratified random sample occupy positions at the univer-
pities, in other higher educational instituteaz and in the pro-
fessions. :

The deata has in part been used for the design and modera-
tion of the science papers at the G.C.E. 10! examinations o~
1966 and 1967. The data carrying an item asnalysis of the
previous examination is made available %o the Controlling Chief
Examiners and the moderators of physics, chemistry and biology
at the time of setting and moderating the 3.0.E. '0' papers.

Some of this dsta has also been used to igolate specific
areas of difficulty for designing in-service programmes.

At thie stage no attempt is made to make assertions one
way or another. However, with time ai:d further data it is
proposed to report other gignificant trends and problems on the
teaching and learning of science in Ceylon ‘at the G.C.E. 'O! '
level.
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4. Notes on Structural and Functional Aspecis

of an Bducation System

_ (Extract from pp. 23-28
of Ministry of Education Ceylon publication)

The Ministry of Education has in the recent past initiated
and carried out a progremme of work relating to the General
Certificate of Bducation, Ordinary Level, science subjects.

In the years immediately preceding 1960 several aspects related
to the science teaching situation at the General Certificate of
Bducetion, Ordinary Level, were carefully examined and analysed.
In particular, the specifications for teaching relating to the
General Certificate of Education, Ordinary Level, physics, chem-
istry and biology were considered. The examination syllebuses
at the General Certificate of Education, Ordinary Level, for
these subjects were critically analysed. Specific problems
and limitations were recognised and decisions were made to
pursue development programmes directed towards the improvement
of the specifications for teaching and the specifications for
exsmination. , . : ’

In making these decisions, relevant data from within the
educational system were used. In addition, relevant data from
other educational systems elsewhere in the world were examined
and considerea. ' '

" In terms of the decision to design improved specifications
for science teaching at the General Certificate of Education,
Ordinary Level, senior experienced teachers from within the
Ceylon educational system, and outstanding consultanis from
outside, were invited. A team of workers numbering approxim-
stely 10 to 20 worked on the programme continuously. A%
intervals of time, groups, as large as 50 to 100, gathered
together, for short perieds, to participate in specific aspects
relating to design and planning. . Professional viewpoints such
as are available with scientists, university science teaching
staff, and regearch organisations, such &s the Csylon Associa-
tion for the Advancement of Science, were channelled to the pro-
gramme to make the plan adequate. The extent of participation
was limited by time and funds..

The communications so designed - in this particuiar instance
nSyllabuses of Instruction and Schemes of Work"® and the Teachers!'
Guide Notes - were not directly issued to the field by the
supervisory staff until some axecutive sction had been taken.

Some of these executive operations related to simple
routine matters such as writing the syllabuses of instruction
and schemes, editing and printing them in aufficient numbers.
It was also necessary to set afoot relevant machinery for the
3
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storage and distribution of such materisl. It will be recog-
niged that thousands of copies of schemes of work and sylla-
buses of instruection for issue to over 500 schools needed
specific organisational and administrative action.

A major preliminary executive action was the organising
and running of pre-irial teaching of the material in a few
selected schoole for checking out the time base and other
such aspects.

There were also such matters as the design of suitable
standard minimum lists of equipment and the ordering of the
new materials necessary for teaching the schame. The reacruit-
ment of additional supervisory staff and -their training to
handle %he new schemes were also necessary.

Having pursued these relevant executive matters, and
others net mentioned above, the plana and specifications for
the teaching (General Certificate of Education, Ordinary Level)
of physics, chemistry and biology were communicated to the
teachers, principsls and other field staff. Thies entailed a
particularly complicated programme of communication toover 500
schools located in many educational districts. Though the
syllabuses of instruction contained relastively detailed "Fore-
words™ and "Prefaces” relating to the programme, it was never-
theleas necessgary ito arrange for perscnal meetings of the
design staff with the field staff, Thia was done in all the
districts to & limited extéent depending on the availability of
time and other resources. :

The pupils! performances in the field at the General
Certificate of lducation, Urdinary Level, examination were
carefully analysed in all the subject areas, using a care-
fully stratified rendom sample of pupils selected from the
examination enrolment. ' The performance of this sample of
pupils was subject to detailed study and analysis.

The whole programme of decision making, planning, communi-
cating, supervision and evalustion is one thet proceeds coycli-
cally and unendingly. Therefore as & logical consequence of
thia recognition there should be continuing action-research
programme directed towsrds assessing pupils' performances at
the Generel Certificete of Bduocstion, Ordinary Level, in the
relevant subject areas annually. This provision and decision
will lead %o the availebility of feed-back information. In
the light of such feed-back information, the totsl programme
eould be kept under continuous review and new decisions could
be made and new programmes of planning and reconstruction could
be set afoot so that the up-graded and the up=-dated pattern of
teaching and learning would be maintained at a high level of
adequacy through time.

‘ihﬂilE;
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The principal of a school who had received the communi-
cation that science was to be taught in the General Certifi-
sate of Kducation clesses on ithe basie of modified syllabuses
of instruction and on the basis of amendeda syllsbuses of
examination needed to ask a number of guestions. Some of
them were as follows:

How much time waa to be given tc the subject?

How were these periods to be organised in the day and

in the week?

What problems were thpre lﬁ o:ganlslng the periocds for

work in the laboratories

How many double periods needed to be provided?

Where should the theory periods be taught?

Which teachers should be commissioned to do the

rodified syllabuses?

Is the eguipment in the school sufficient for doing the

modified programmes?

cesesn.e.. ano a series of similar guestions.

Having analysed this situation in the school and recog-

nised the major problems in collaborative discussion with the

teachers he would ideally plan out a programme of work in
general; design the timetable, in particular; and attend to
such other matiers of planning as were necessary.

"Once this stage had been carried out, the teacher would
be instructed to teach the modified syllabuses to the pupils
in the General Certificate of kducation classes.

When the teachers are at work, classroom supervision would

need -to be provided. The principal may need to give assist-
ance and guidance. Thie may relate to how the modified pro-
gramme of work should be approached and worked on. He may in

fact be in a position to advise directly on pedagogical and
methodological aspects.

Once a teacher continues to work reasonably adequately
on the basis of the communication and guidance and supervision
provided, the principal may need to associate himself with the
teachers and arrange to evaluate the progress of the work.
In particular he may need to ask whether the pace of teaching
is a&s recommended; whether the practical work and the manner
of doing it ere as specified and other similar questions. In
addition, principals, with the collaborative assistance of the
staff, w111 need to set afvot the necessary machinery for
teachera to design term tests and simpilar instruments of
evaluation of pupil growth.
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This will give the principal significant feed-back material
which he may find useful for the purpose of reporting on the
programme of work.

In such reporting the principal himself taking note of the
evaluation of performance of the system may indicate ihe lines
of new decision making and planning which the prograrme in his
school would seem to demand. :

The teacher who has picked up the communication could now
proceed to study the situation and such study will entail the
consideration of such gquestions as follow:

Whet are the features of the revised schemes of work?

How are they organiszed?

How do I use them? '

What particular major principles underly these schemes?

Do I have the eguipment and materials to teach them?

What particular difficulties will my pupils have in
learning in the modified way?

How will I help them? Ete., etc.

Hauving recognised the nature of the gituation, significant
problems associated with it end having taken note of the pre-
ferred lines of approach, the teacher could proceed to plan hisg
lessons, execute them, assist and gupervise the pupils at work
and evaluate his and their progress in appropriate ways.

T+ will be observed that one of the_critical features of
this schematic model is that each person who picks up & communi =
cation proceeds to amplify it and prepare detailed plans appro-
priate to his level prior to execution and proceeding with the
programme. : .

e
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5. Ural Svaluation,
with rarticular nelevsnce to doviet Schocls

by 5.A. Balezin

At present every nation is living through a period aof &
large-scale soientific and technological revolution. The
inflow of scientific data is increasing at an unbelievable
apeed. That is why the school and the school teacher are
facing the problem of deciding on what should not be %aught -
rether than on what should be taught to the pupii. In other
words, the problem of selecting such teaching material that
would deal with the fundamentals of science on a modern leved,
and at the same time could be within the pupil's comprehen-
sion, considering his age-group peculiarities, is becoming
inecreasingly important.

Young men and vomen starting their independent life
will inevitably become immediate participants in techno-
logical progress. : ':

In the advanced countries of the worlé, a considerable.
inerease is being observed in the number of workers with
gecondary education. Today it is not infrequent to encounter
instances where the workers immediately engaged in production
become research workers in the full sense of this word. Sueh
workers need to have not only skilful hands but alsoc a clear
creative thinking and effective knowledge. - This means that
the pupils should not only assimilate a certain amount of
knowledge but also master, to a certain degree, the methods
used to acquire such knowledge, starting with the gimplest
techniques of research, for instance the gqualitative analysis
of acids and salts, and up to solving the complex pvoblems
arising in production processes.

That is why pupils should be trained in such a way that
they could master, to a certain degree, the methods and tech-
niques used in the jobs they will take up after finishing
school, to facilitate the solution of the gquestions on which
they will nave to take decisions in production and in every-
day life. Thie is possible only on the basis of a certain
amount of firm knowledge. ’

Chemistry plays an outstanding part in the life of the
contemporary human community. Yherefore, chemistry as an
instructional subject in the school curriculum is of special
importance. '
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rorms of currentﬁevaluatipn”cfVthe pupil's knowledge? oral
evaluation

in oral evaluation, the verification of the pupil's know-
ledge includes recapitulation and it is one of the teacher's
weapons to improve the knowledge not only of the pupil who is
answering the teacher's guestion but also that of the rest of
the pupils.

Oral evaluation is wiaely used in current evaluation and
is practised in almost every lesson in chemistry. it serves
as both 8 form of control snd instrustion, thus improving the
pupil's knowledge and his ability to relate 1t 1o the listener.

Ural evaluation is made before introduction of new material,
during its presentation and -at a special lesson devoted to
evaluation, discussion and consolidation of the pupil's know-
ledge.

In the process of oral evaluation, the pupil is asked
questions on the given topic covering the material studied.
Alsc he is given problems to solve. In oral evalusation it is
possible to establish the amount and depth of the knowledge,
its firmness, as well as to find sut whether the material has
been assimilated systematically and consciously. ‘

fhese ars the guiding rules for preparing questions for
oral evaluationt

Questions muet tske intc account the amount of material
envisaged in the syllabus, be brief, aimple and easy to under-.
stand, avoiding too much detail, hints and ambiguities:

Along with the selected particular questions it is also
advisable to give the pupils small topics for oral discussion
(talks). In class YII, for instence (in Soviet schools
chemistry as an individual gecience discipline is introduced
in class VII) this topic can be "surning gulphur in oxygen';
in class VIII, "Chemical properties of chlorine"; in class 1X,
"Acetic acid", etc.

The pupil's talk on the given topic enables the teacher
to sssess not only the pupil's knowledge but alsd his ability
to present the material conslstently, systemstically and clearly.

Besides this, pupils are invited to solve problems. this
serves as an effective means %o find ocut whether the pupil
realises tiie data he has learned.

Normally, ind.-idual current evaluation cannot e easily

combined with the active work of the whole class. Besides, it
takes time.

Q ) 120
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Une of the forms of oral evaluation which can overcome
this disadvantage is to call %o the blackboard two or some-
times up to four pupils at a time, wher. each of them is given
an individuel agsignment. While these nupils are thinking
over their guestions or solving the prob.ems, the teacher can
work with the rest of the class. The answers of the pupils
who are at the blackbo:ird are discussed with the participation
of the sntire class.

When pupils answer, it is important for them to be able
to use prepared charts, tables and various chemical substances.

Wany teachers, parsllel with this form of evaluation,
use a so-called group test talk with the whele class on the
material studied. This talk %tekes part of the lesson, OT
sometimes the entire lesson. 'The teacher puts small questions
te the class. The pupils give brief answers without leaving
their seats, and the temacher gives marks to those pupils who
have been particularly active.

This evaluation/talk is sometimes devoted tu summing up
the material ol a large section of the syllabus, for instance,
"Interaction between classes of dinorganic compounds or general
characteristica of the elements of the halogens group'.

Temﬁ&tife criteris for evaluating the pupilt's knowledge

In the U.S.8.R, a five-mark system of evaluation is adop~
ted, the highest mark being the 3. marks for one term, half
year and year are given taking into account the results of
current evaluation of the pupil's knowledge and skills. When
final merks are given the virtual level of each pupil'’s know-
ledge and skills should bhe considered.

In evaluation of a pupil's oral answer, the mark 5 is
given provided the pupil:

(a) shows understanding of the chemical egsence of studied
phenomens and processes; correctly formulates chemical con-
cepts, laws and theories; knows the properties of the studied
substances and can identify them; correctly reads and makes up
formulas of substances and conclusions of chemical reactions,
gives them correct gualitative and gquantitative interpretation;

(b) supports the theory he discusses by concrete exgmples,
knows the practical significence of chemical laws, theories
and processes ag well as the use of particular substances;

(¢) gives a complete and consistant snswer displaying "
independent judgment and assimilation not conly of the material
being studied but of the previous material as wells; when
necessary, proceeds from the knowledge learnt when gtudying
other ecurriculum subjects and applied in the process of labour
and vocational education.

s
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The mark 4 is given if the answer, in tne main, meets the
same requirements established for +the mark » but the pupil:

(a) mekesmistakes in accuracy and insignificant mistakes
in relating facts, definition of concepts, laws and theories
and in their interpretation while being able to correct all
this easily with the help of the teacher; or

{b) gives an an answer only narrating the text of the
manual; while in replying to the teacher's additional questions
displays due unaerstanding of the material studied.

"he mark % is given if the pupil shows the knowledge and
uriderstanding of the basic instructional material butt

(a) experiences difficulty in supporting,. without the
teacher's help, the theory being related, by concrete examples,
or in explaining the practical significance of chemical laws,
theoiries snd processes;

(b) experiences difficulty in summing up the material and
drawing conclusions on it, though relates the factual material
fully enoughs

(¢) makes one or two mistakes in reading and writing the
formulass of substances and conclusions of chemical reactions,
or in their quentitative and gualitative interpretation; or

(a) gives o cchematic answer skipping essential details,
relating, in the main, the text of the manual while displaying
insufficient understanding of the individual tenets that he
freely relat

&

he mark 2 is given if the pupil:

(a) does not kfiow, or fails to understand, most of the
most essential part of the instructional material dealt with
in the questiona put to him; or

(b) in total, makes mistakes and commits erTors ingicated
in the requirements established for the mark 33 or

(¢) even when given the help of the teacher, fails to
make use, while enswering, of the knowledge assimilated earlier
in the course of chemistry and in other curriculum subjects as
well as the knowledge and data acoumulated in the process of
labour and vocational education.

The mark 1 is given if the pupil shows complete ignorance
of, and fails to understand, the pasic curriculum materials.

Conclusion

In Soviet schoole, éveryday curreni evaluation of pupils!
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knowledge and skills forms the bagis of evaluation of pupils'
gknowledge. Use is mede of oral individual evaluation, written
tests, experimenta’ tests and experimental problems. Hewaver,
research that has been and is being carried out in the U.3.8.R.
shows that further work is needed to improve the methods of
verification end evaluation of pupils' knowledge and to achieve
a better control over the knowledge and skills of pupils as
well as to achieve more profound knowledge and skills.
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6. Report on Evaluation Workshop in Chemistry
Peradenlya, Ceylon, 2-12 tugust 1968

by J.C. Mathews and J. Ratnaike

Aims of Workshop and this report

'he Workshop wag part of the in-service training of
Ceylon teachera and other education staff in the censtruction
of examinations in chemistry at the Ceylon General Certificate
of HEduesatien, Ordinzry Level. The long-term objective is the
production of a team of question writers and examination con-~
structors who would assist in the design of '0' level sxamina-
tions and act as nuclei for further training of teachers.

This report sets out the sequence of 0psrat;cns during
the Workshop and the materials which were the outcome of the
Workshon. In so doing, it is hoped that the report will
serve as a guide t0 other sountries who wish to conduct
similar warkshops. The scheme of work is not sel out as an
ideal one; it was the first comprehensive workshop ta be
undertaken in this country and those in the future may well
be modified in the light of this experience; nor are the
gquestions which were constructed of egual merit. Neverthe-
less, a consideration of bvoth the faults and the virtues of
this workshop may assist other countries who are revising
their schemes of examinations in schools.

PART 1

In preparation for the TES Evaluation Workshop the
following operations were carried through.

(1) Selection of participants.

(2) Production of multiple choice and free response teat
items by participantsa.

(3) Kditing of multiple choice test items by participants.
(4) Selection of two multiple choice pre-tests.

(5) Moderation of multiple choice pre-tests.

(6) Administration of multiple choice pre-tests for pupzls.

(7) Analysis of datae from the admlnzstratlan.
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(1) Selection of participants

Three categories of participants were envisaged.

(a) Supervisory staff as personnel responsible for con-
trolling and guiding the science programme in the
field, and as potential in-service leaders for
fnture evaluation in-gervice training courses.

(b) Controlling exsminers, chief examiners and senior
marking examiners, as personnel directly involved
in the communication, execution and gontrol of
examination practices at the G.C.B. o,

(c) Senior teachers who did not belong %o category (b)
but were recommended by the supervisors as being
efficient and successful in their teaching.

The participants in each category were selected according
to their subject preference, physics, chemistry and blology,
and aecross the categories each subJect group had an initial
population of about 25 participants, taking into account the
possibility of drop-outs before the Workshops. At the Work-
shop the number expected in each subject was 20,

(2) Production of multiple choice and free response test items
by participants

fach participant was requested to make 40 test items and
a table of mpecifications with & content coverage of the whole
of the G.C.E. '0Q' syllabus, and an objective coverage as
follows:

15 of I, 10 of II, 10 of III, III', and 5> of IV.

The table of speéiiﬁcations portrayed no objectives 1in the psey-
chomotor or in the affective domain.

With the request to make test items the participants were
also sent a note on the construction of multiple choice test
items, tables of specifications and simple analysis of data
{see Appendix 1). They were also sent a note on the construc-

tion of structured essay and free response queations (=ee
Appendix 2).

A& tiﬁe;eéhedule of one month was given to the participants
for this task, with the reguesi that half the items be sent in
after 15 days. .

When the item sets were received they were identified
with & code number given to each participant, and the ques-
tions typed so that the objective suggested by the writer also
appeared against the quesilion.

I AR2S
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(ﬁ) sditing of wultiple choice veat items by participants

peeh participant was then sent a full set of items pro-
dueced by him and by hise colleaguaes and was requested to edit
theae in the {cllowing manusr:
(i) judge the ohjective category of the question and
mark the cheice with & circle in the set of objec-
tive satsgories indicated at the end of each

gurestion;

(ii) mark the corract choice with a circle for gach
guzstion;

{iii) edit guesticna for obvious errors snd ambiguities
and write the corrections on the particular gues-
bion.

These edited sets wers returned, and formed the basis of
the raw pool {=om whiech selection was made for the pre-test.

(4) Selection of the iwe multiple choice pre-tests

The selechtion was made by twoe supervisors per subject
group. These supervisors were to be the leaders in the
Evaluation Workshop and hed slreedy participated in the opera-
tions so far. These group leader supervisors then met under
the guidsnce of the Director of the VWorkshop, and selected
items {rom the -aw pcol, muking furither editing as reguired.
They then produced iwo 4C0-item multiple choice pre~tegta.

(51} HModeration «f muliiple choize pre-tests

, These selected pre-tests were then subjected 1o moderation
by the control examiners of the national ¢.C.E. '0O' examinations.
Their function weg meinly to ensure that the pre-test had face
validity when compsared with national G.C.E, '0U' examinations..

(5) Admindiatration of multiple choice pre-~tests for pupils

The sample to whom the pre-tests were mdministered came
from the English medium and corsisted of 10U finsl year G.C.E.
'Ot pupils plus 50 first year G.C.E. 'A' pupils, for each of the
pre-tests. It wae necessary to include some pupils from the L
G.C.E. 'A' population because it was recognised that in June
and July the pupils would not have covered the full ayllabus.
Un the other hand, %the G.C.E. 'A' pupils had not only covered
the syllabus but had been sufficiently succeasful in the
varicus subjecte of the G.C.E. '0' examination to permit them
to be in the Advanced Level #laxssa. 1t was recognised that
only tentative extrapolatior «yui% be made with the data from’
the G.C.E. 'A' populsgtion.

Although transletions were made of these pre-tests in the
Sinhala and Tamil languages, and the tests gdministered it
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parallel populations as in the btnglish medium, the data follow-
ing from the Sinhaela and Tamil media were not intended %o bhe
utilised at the Workshop, but were expected to be used with

the participants as follow-up work during the courae of the
year, after the Workshop.

(7) Analysis of dats from the administration of the multiple
choice pre-test

It wes recognised that the participants were mainly person-
nel involved in classrocom evaluation activities and not those
who would be taking the primary responsibility for the examnina-
tion design and decision making operations at a national level.

Une of the problems that these participants would meet in
the enalysis of data in a school situation is the smallness of
number in their samples, and the differences between national
indices and the indices for their particular situation. To
highlight this problem, difficulty indices and diserimination
coefficients were calculated both in terms of the total sample
population and in terms of the individual school gsample popula-
tion. #urther, both the school data and the total sample data
wera divided into the G.C.E. 'O and G.C.k. "A' gub-gets. The
pupil performance chaeracteriastics were reflected in the stand-
ard devistions and means calculated for the ¢.C.E. '0' and the
G.C.E. 'A' sub-seta, and for the total sample. The analysis
on B school-wise bhasis was done by ihe Evaluation Research Unit
under ithe direction of the Directer of the Workshop, snd the
total sample analyepes were done by the supervisors who were te
act ae the group leaders at the Workshop. During the course
of this operation, the group leaders were briefed on the impli-
cetions of the anslysis, esnd on the apparent trends and inter-
pretations visible from the datsa.

The pre-workshop operations in sdadition to providing
reslistic working material for the Workshop, Lrought the parti-
cipants to a preliminary Jevel of awareness of the problems
involved in the construction of multiple choice items, speci-
fiec objeciives and content; in the communication through
tables of specificationsj in the preliminary editing pro-
cesses, inoluding judging the categorising of items aceording
to objectives. [n addition, the group leaders had an oppor-
tunity to involve themselves in the other cperations plenned
for the Workshop, such as the celection and rejection of test
items, and the analysis and interpretation of test data.

PART II

The participants at the Workshop

- There were two Directors of the Workshop, one from Ceylon
and the other from the United Kingdom. There were ten other,



28

i 122
g

1S

ERR
I
P

|
|
l

i<

rre e
LR
rr

I

|

N

M
I |M|}|N .I
| I
b
o

N
Ch
[
o~

N'

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A



FILMED FROM BEST AVAILABLE COFY

participants, in the chemisgtry group all of them teachers,
training college lecturers or education officers in Ceylon.

The material available

1. Pwo sets of fixed response questions selected by the

educational supervisory staff in Ceylon from approximately
400 such guestions submitted during the preliminary work.

Zmeh set contained 4u pre-tested guestions.

2. The data sveilable on each guestion was: the content
area and educational objective and the difficulty index and
diserimination coceffiecient ae determined by the pre-test.

The content sres indicates the main divisions of the
materiel of Ceylon ‘G level chemistry.

The educational objectives ere divided into five cate-
gories:
1. Heecall.
2. UComprehension.
5. Application (qualitative).
3', Application (quantitative).
.4. Anaelysis/synthesis/evaluation.

The difficulty index showa the percehtage of pre-tesat
candidates who answered the guestion correctly.

The discrimination coefficient shows the correlation
betweeri the performance of candidates on a particular . ues-
tion with trat in the test as a whole (how the item separates
good pupils from popr pupils).

3, - Administrative reguirements: two rooma, each with facili-
ties for writing; and typing and duplicating staff sufficient

to type-ard duplicate the product of each day's work duriang the
evening. Computing egquipment was not regquired.

Time available

There were ¥ working days. ihe evaluation workshop sess-

ions amounted toc 2% hours. (Ihe participants were engaged in
a seminar which included curriculum development work in addi-
tion to the evaluation workshop) Ihe participants had an
average of about 2 hours in each day writing questions or other

evaluation work in private.

It was found essential during the operationa which follow
to appoint oné participant as secretary.
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bequence of operations

1. Heviewing objectives. After shory preliminary talks by
the Directors on the zims and methods of the Workshop, parti-
cipants reviewed the objectives of all the pre-tested questions.
The latter served the purpose of clarifying te the partizipants
the educational cbjectives in operational terms.

The first 40U questions were reviewed by genersl discussion
under the guidance of one of the uJirectors. #hen there was
divergence of opinion the view of the majority was taken. Where
divergence of opinion was equal, the lower cazegory of objlective
was selected, subject to the over-riding decision of the Director.
The discussgions were lengthy but fruitful. £11 participants
agreed that the sxercise forced them to consider the fundamental
abjectives of the course in terms of what they should expect
their students to be able to do at the end of it.

This sort of discussion requires some skill and experience
on the part of the Director. In order to give such experience
to other Ceylon personnel, the Workshop was then divided into
two groups esach in the charge of a Ceylon participant. fhe two
groupe separately reviewed the educational objectives of the
remaining 4U guestions. The groups then rejoined and decisions
were made on the objectives of questions where they differed
from the. original classificatien. Finally a revised specifi-
cation ¢f all 80U items was drawn up.

2. The next task wss to determine:
the distribution of difficuliy indices oaver the 8U
guesticngsg

the distribution of discrimination coefficients with
aifficulty indlces-

the distributlon of difficulty indices with objectives;

the distribution of difficulty indices with content
EIeas; ' '
the distribution of discrimination ceoefficients with
gcontent areass 2

the distribution of discrimination coefficients with
abjectlvas,

To expe&zte the work the partlclpants weara dxvxded ‘irto
four groups. Their findings were then duplicated and given to
"all of them. o

The main findings were:

2.1 Diffieulty increassd with cetegory of obgectlve (I/il/Ill/
CEITY/1v).

2.2 The later the tqplc in the course, the greater tﬁe diffi-
culty.

R 1
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2,5 “alsalaticns ternded %o be more difticult than other jues-

©.4 ltems of medium difficuity seemed %0 discriminate best.

. Selection of a aL-guestion test. The &9 guestions were
then reviewed and cleszified as folilows: :

(i) Aceeptable in ths original.
(ii) Acceptable after minor editing {editing not likely
to affect the performance in the guestion).

(iii) Acceptable only after major rewriting (rewritin
7 4 3

likely to affect parformance .
(iv) Rejected.

The participanic a& a ETOUp went through the 8U gquestions
aeveral times judging the items according to the following
cr.teria:

4.3 Duplication of items.

5.2 'foo easy or too difficult (some were rejected on these
groundsa.

3.3 Poor diserimination - &£ny item with a discrimination
coafficient below + 0,2 was accepted only if in the sub-
jective judgment of the participants it was guitabkla.

5.4 Nos-funsetiening responses.

3.5 Ambigoity and fatsts in languags anc content {(each parti-=
¢ipant acted ag reviewer of a part of the guestions in
order in speed up this aperation. ‘

%.6 Undesirsble effcct on teaching.

The results of tnis "gshredding process’ siaow that of the
80 gquestiocns: :

14 were acéeptéble in the origineil.

26 were scceptable after minor editing.

15 required major reﬁriting.

25 were rejected.

4. Necessary writing to meet the s ecification. It now
remained to determine whether the 4U acceptable gueestions met the
desired content/ebjective-spegificatien. It was found that some
content mreas were oversubscribed, objective 1 was oversubscribed
and objective 5' undersubscribed. fherefore five items had to
be withdrawn and five new items written in their place. The
latter was done by all the participants working individually, but
it was found desirable that operation 4 and subsequent operationsa
should be undertaken by & small group of three participants plus
a Director.

3320
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In thie way the preferred specification was met approximately
but not exactly.

5. Making a random key. It was found thati there was some
imbalance in the correct responses.

Response (i) in 10U questions.
Response (ii) in 9 questions.
Response (iii) in 13 questions.
Response (iv) in B questions.
he responases in one guestion, correct response (iii), were

reordered to give a correct response (iv), thus giving & better
distribution of responses.

6. Order of questions. During discussion it was noted that in
the pre-test the guestions were arranged =0 thet the higher objac-
tives, and more difficult questions, came at the end. It was

decided to arrange the 40U selected items in such z way as to dis-
tribute the more difficult items through the test. two or three
easier items were deliberately put at the beginning and end of
the tast.

7. Specification of the test. The essential data on the 40
ssestions in the test was assembled.

Structured and free response questions

Une of the objectives of the workshop wea to give instruc-
tion and practice in writing questions other tnan those of the’
fixed response type. Participants were asked %0 write some
structured and free response guestions before coming to the
workshop and guidange on how to do so was sent to then (sea
Appendix 2). : ‘

Not many of these guestions were forthcoming, however, and
most of tne writing was done during the second half of the Work-
shop., This provided suitable work for those participsnts who
were not being used in operations 4-7 abgve.

It was felt that this part of the Workshop was of at least
equal importance to the first if desirable effect on teaching
was to be attended through examinsations.

Time was insufficient to submit the struciured and free
response guestions to the same scrutiny given to the fixed res-
ponse guastione.

In conclusion

One of the most important outcomes of the Workshop wae that
the participants came to realise that teaching and examining were
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not s-parate operaiions but parts of a larger operation; and
that takxing pert ir a workshop such &s this threw a neVW anu
clearer Light on the objectives, methods and content of teaching,
as well as of examining. e

It was noted by &ll the participants thal a workshop is not
the best occasion on which to write questions. ldeas for gques-
tions probably come best when the writer is actively engaged in
teaching, and much tiwe 1s required to develop the idea and
refine the question. whis workshop was prcbably at 1%s most
valuable phase during the discussion, clasaification and sssembly
sessions; and at its least valuable during the guestioun-writing
ses8ions,

132
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APFENDIX 1

Introductory Notes for kvaluation Workshop

by J. Hatnaike

introductory note on levels of achievement of pupiis (objectives)

In the study of a particular area of content in the syllabus,
pupils may be taught, and expected, to reach various levels of
achievement in the content area. For example, the pupiis may
be able to recall thd reprocuce the actual teaching given, and
no more. This, of course, witl not tell us whether the pupii
has understood what he is repeating.

Jn the other hand, a higher level of achievement would be
if he it able to apply qualitatively or guantitatively what has
been taught, in a situation somewhat difterent to what he has

met before in the nlassroom. As teachers, we would then recog-
nise that the pupil has shown that he has "understood" what has
been taught. #e would call this level "nigher" in terms of the

purpeses for which we are teaching, and in the sense that it
involves more complex operations on the part of the pupil than
merely recelling,

Fupils may even have achieved a still higher level, of
being able to recognise problems, select data, draw general non-
clusions from data, test hypotheses - in other woras use the
methods of the scientists in his work.

These are levels that we as teachers perceive in our day-to-
day work with pupils.

These levels of achievement or objectives, as they are
called, have been expressed in various ways. Perhaps the most
comprehensive classification aveilable today is Yhe Taxonomy of
Educational Ubjectives, denjamin 3. Bloom et al., Longmans tUreen
and Co, (1956).  Given below is a brief summary of this classi-
fication. 7o find out whether the pupil has achieved one oT
other of these levelsa, we provide him with an opportunity to
respond at the various levels =~ in other words we ask him ques-
tions. fhe questions included as examples below attempt to
find out at which level of achievement the pupil can respond.

SUMMARY UF BLUUM'S CLASSIFICATION O THE COGNITLVE DORALN

LEViEL 1. The »upil can provide responses involving primarily
HIECALL of such items as specific facts, terminology,
conventions, trends, classifications, eriteria,
methodology, principles, generalisations.

- 133
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EAAMPLES OF GUESTIONS REQUIRING PUFRLL RESPONSES AT LEVEL 1

Content area: &4ir/combustion.

The amount, by volume, of carbon diexide in the atmosphere
is about:
(i} 30 parts per 10U
(ii) 30 parts per 1,000
{iii) 3 parts per 1,00u
(iv) 5 parts per 1U,0U0

Content areas Nitrogen peroxide/equilibrium.

Which one of the fellowing crystalline substances, when
heated strongly in a hard glas test tube, would NOUT give
brown fumes? ‘

i} Potmssium nitrate
i) Lead nitrate

i) Barium nitrate.
v) Copper nitrate

(
(i
(ii

(i

LEVEL 2. The pupil can provide responses involving more than

simple recall. An element of COMPHHHERSION is
required, and may be of the types such as the
fci;gwingim'{ranslatign of mathematical verbal
material into symbolic statements and vice versaj;
interpretation of data and atatements (including
simple explanations, summaries, comparisons);

extra- and ;ntranq;atiop;framfiata. statements
Tije,iextensiqn of trends bgrcndﬁtha given data);
determinatian of g;fects;w_corolgaries_

EXAMPLES OF QUEBSTIONS HEQUIRING PUPIL RESPCONSES AT LEVEL 2

Content area: Air/combustion.

1t is possible to recognise some sigilarities between the
burning of common home fuels, and respiration. However,
it is NOT true to say that, in the cases of both burning
and respiration: _

(i) the gaseous products are similar in properties.

(ii) the _ubstances burned, and foodstuffs, have at
east two chemical elements in commonl.

(iii) oxygen is required for the reactions to take place.
(iv) most of the energy from the change appears as
chemical potential energy of the products. -

Content area: Nitrogen peroxide/équilibrium

Nitrogen peroxide con aining 217 nitrogen dioxide is
Q passed, at one atmosphre pressurs, through a long
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non-porous inert glass tube completely surrounded by
an apparatus A, The gas emerging at the end cf the
glass tube was found to have a composition of 12
nitrogen dioxide. Which one of the following may be
said of the apparatus A?

(i) A is a heater.
(ii) & is a cooler.
(iii) & is & filter for nitrogen dioxide.
(iv) There is insufficient data to identify A.

LEVEL 3, The pupil can provide responses involving the

' APPLICATION of abstractions in particular concrete
situations. The abstiractions may be in the form
of general ideas, rules of procedure, general
methods, technical principles, theories.  fThe

appiications may include numerical gppliégtiqns

as well. _ (For convenience we may indicate the
level of gumeﬁicalVaﬁplicaticnﬂwitpf51.)

RXAMPLES OF QUESTIONS RWMQUIRING PUPLL HESEONSKS AT LaViel 3

Content area: Air/combustion.

Which pair of the ohservations given belcw, made when
magnesium was ignited in air, offers the best gvidence
to support the contention that a chemiocal change hae
taker. place? - ’

(i) Heat evolved; colour change.
: (11) Colour change; light evolved.
(iii) wuight evolved; volume change.

(iv) Voiume change; mass change.

Content area: Nitrogen peroxide/equilibrium.

When & mixture of chlorine and helium {(called gas mixture
X} is in a container at room temperature and 1 atmosphere
pressure 1s pessed through a series of long inert porous

s tubes, it is observed that the emerging gas has & relative
density different to that of the original gas. Which
one of the following {and for what reason) would you
expect when instead of gas 4, nitrogen peroxide is passed
through the above set-up, under the same conditions of
temperature and pressure?

(i) no change in the relative density because gas
mixture 4 is a mixture of lighter and heavier
cumponents whereas nitrogen peroxide is a
substance.

(ii) No change in the relative density because gas
mixture X is a mixture of lighter and heavier
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components, whereas the components in aitrogen
peroxide are in dynamic equilibrium.

(iii) & change in the relative density because, like
gas mixture A, nitrogen peroxide contains lighter
and heavier molecules.

(iv) A change in the relative density, because the
heavier molecules of dinitragen tetroxide decom-
pose into the lighterx molecules of nitrogen
dioxide as they are sepsrated.

EXAMPLES OF QUESTIONS REGULIRING PUPIL RESPONBES AT LEVis 32_

Content aresa: Alr/combustion.

What volume of oxygen, atb 5.,0,F., would be expected %o
be required. for the complete combustion of 240 g (one
gramme molecular mass) of a fuel oil of molecular
formula C17Hj6?

(i) 26 x 22.4 litres
(113 26 x 16 x 2 litres
(i11) %5 x 22.4 litres
(iv) 35 % 1b x 2 litres

Content area: Nitrogen peroxide/equilibrium.

fwo gramme molecular mass of copper nitrate is %o be
heated in a hard glass vessel, Any gas produced will be
‘eollected over water at 20°C. Assuming that all the
$.V.P. and 5.T.F. corrections may be neglected, what
volume of gaus would be expected to be collected? The
equation describing the change may be taken &8

———2 20ul + 4N02 + 0

203(503)2 >
(1) 5 x 22.4 litres
(ii) 4 x 22.4 litres.
(1ii) 2.5 x.22.4 litres
(iv) 1 x 22.4 litres

s involving ANALYSIS,

LEVEL 4. The pupil can provide raesponse E:
SYNTHESIS and LVALUATION, This would include such
operations asi ﬂreggggitionfbf explicit and implicit
relatignaf_sﬁfucture-,"reco'niticn'cf.unstétea
assumptionss iiscriﬁiﬁaiianéfpf'facts from hypo-
thesess organisation of ideas
sropositione of methods for testing h

theories; ‘design of ex erimentsj

logical accuracy, consistency; ¢

generalisations.

) ) : AT 7 o . , L.
(Notes - Bloom's Taxonomy actually subdivides Level 4 into three
levels, 4, 9, 6 for edch of the components. )
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BXANMPLES OF QUESTIONS RMQUIRING PURPIL RESPUNSE:s AT LmVEL 4

Content area: Air/combustion.

Two theories were suggested to explain what happens
vhen substances burn in air. neither assumed negative
waeight. :

¥ihen the substance is burned, it combines
with a part of the air.

When the substsnce is burned, the esir takes
up something that leaves the substance, until
the air is saturated with it.

JUDGH Whether eaech of the observations given below:
(i) is more direct evidence for Theory L than
for Theory 5.

(ii) is more direct evidence for
for Theory L.

Theory » than

(iii) supports both fheory L and rheory S.

(iv) supports neither Theory L nor Theory S.

OCbaervations

{(a) 4 coconut oil lamp put into a large bottle, and the
lid closed, goes out before the.oil 1is consumed.

(b) The white product formed when magnesium burns in air
' weighs more than the original magnesium.

(;) when the red product, formed on heating mercury. in
air, ig reheated in the used-up sir, the original
properties of the air are restored.

(d) Much heat’and light are given out when magnesium
burns.

(e) Turpentine burns with a more reddish fleme in chlorines
than in air.

Content area:t wNitrogen peroxide/equilibrium.

To study the effects of dissociation in nitrogen peroxide

using changesa in pressure when the gas is heated through

the range 40°C to 80°C, which one of the following may be
_ considered the most suitable?

(In the'diagramer indicates heated in s constant tempera-
ture bath. : t rach of the gas containers has a
volume 100 ml.)
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Some comments on the design of the guestions illustirating the
levels of achievement

LEVEL 1

Content area: Air/combustion,

Unly the order of magnitude is required, particularly as
there are significent variations from place to place. The
fact has been given to the pupils in the classroom. A pos-
sible (arithmetic) difficulty may arise if the pupil has been

iven the value of the carbon dioxide concentration as a 7
U.03%), Is there any use in asking such a question?

Content areas Nitrogen peroxide/ equilibrium.

Again pupils have met these facts in the classroom. The
guestion while being simple recall, still covers somewhat more
content (the action of heait on nitrates) than the previous
example. Pupils may apply the empirical generalisation per-
taining to the heavy metal nitrates -~ in which case the ques-
tion may be classiflied as Level 2. The rule often used is to
classify in the lower (in complexity) category, if there is an
ambiguity.

The question may be designed %o cover even more nitrates
by using combinations of nitrates, and wording the guestion,
"Which of the follawing pairs, when heated separately ....7"

In situations where the substances involved react 1ndenendent1y
even in the mixture form, the guestion may be 30 worded.

Note that as the question ie in the negative, the NOT is
emphasised.

LEVEL 2

Content areat Air/combustion.

Since the gquestion requires a comparison to be made between
the burning of common fuels, and respiration, using factual
knowledge mlready given to the pupils in the classroom, it is
classified in Level 2. The word "chemical" has been purpésely
introduced in choice (ii) because of the possible ambiguity of
the word "element" if used alone. "Elements in common" may
in ordinery languasge mlso mean properties or characteristics in
common. The critical difference of the manner of transforma-
tion of energy in the two cases is being tested for. For homo-
geneity it is not necessary for all the choices to be of egual
length. In this example choices (ii) and (iv) are long while
(i) and (iii) are short.

129

S i L i



FILMED FROM BEST AVAILABLE COPY

- 154 -

Content area: iitrogen peroxide/equilibrium.

"he' question inveolves simple interpretation of deta. It
is therefore classified in level 2. The pupil has to compre-
hend that if the 7 nitrogen peroxide has reduced in the system,
it is due to a reduction in temperature. The question may be
argued to be of Level 3. Zut sctually the guestion is merely
a reversal of what has been taught in class - that when the

temperature is reduced the nitrogen dioxide reduces - and

etated in reversal it would be, if the j» nitrogen dioxide has
reduced it is due %5 fall in temperature. So it could not be in
Level 3, which involves application of & higher order of sophis-
tication. (The above reversal is true if no other factors
affect.) '

LEVEL 5

Content area: Air/combustion.

The general idea of the criteria used to recognise chemical
change is being applied in the situation of magnesium burning
in air. Hence the gquestion is classified in Level 3. The
gueation requires that the criterion used is the one that is
most "sufficient”™ (in the sense of "necessary" and "sufficient").
It does not demand that the selection should be uniguely and
absolutely "sufficient".  There may be some doubit as to whether
the question should be classified in Level 4, since the operation
of evaluation is taking place, and a judgment is being made.
Since the process of judgmenti in this case is not sophisticated,
and applying the rule stated earlier regarding ambiguities in.
classification, the lower level classification has been used. .
It should be noted that in answering any multiple choice ques-
tion, or for that matter any question, the pupil has to make
some kind of judgment in the process of answering.

The technique of coupling done in the choices is a way of -
bringing into the four-choice item more than four characteristics.
It also uses the idea that & oharacteristic coupled to a second
may make the best evidence available while the same charaocter-
istic coupled to some other would not do so.

Content area: WNitrogen Eercxi&SJEQuilibriuﬁ..;

This is & more difficult applicatien guestion, since it
appliea the ideas of diffusion, as well as those of dynamic
equilibrium. . Further, u decision hes to be made (a) as to
whether there is a density change and (b) for what reason.
Sometimes these two may be separated to form two different test
items, the first to test for (2) aad the second for (b) to find
out whether the choice of (a) has been made for the correct
reasons, '

7 The choice (iii) is a little shorter than the choice (iv)
with which it is coupled, and is therefors visually inhomogefrieous.

IToxt Provided by ERI
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Choice (iii) might have been worded, "A change in density
because, like gas X, nitrogen peroxide contains lighter {nitro-
gen dioxide)} and heavier (dinitrogen tetroxide) molecuies",

but this could cause ambiguity because of the possible misinter-
pretation of the statement to mean thaet gas mixture X contains
nitrogen dioxide and dinitrogen tetroxide.

Kote that in choices (ii) and (iii) essentially the same
reason is being given, first fto justify no density change and
then to justify density change. But by changing the wording
in the two cases, the reasons have been made plausible.

LEVEL 3%

Content area: Air/combustion.

This question reguires the numberical application of the
22.4 litres idea. Its classification in Level 5* ig obvious.
There are meny ways of arriving at the anawer. une of the
shortest is C. ;~’€>17602—a6e>17 moles oxygen and ﬁ§6==aﬁ>

17
18H,0 —> 18 x % moles oxygen. Hence (17 + 9) = 26 moles of
oxygen, hence 26 x 22.4 litres.

The choices include common eITrors that may be made. .
Choice (ii) has 55 = (17 + 1&), where the realisation that seach
molecule of H.O would tske in 4 mole oxygen has been miased.
The other two°choices imvolve the common errors of using the
molecular mass of 16 (for oxygen) and getting the answer &5 8
mass rather than as a volume. Other possible choices may be
maede up by presenting the common error Gr 56 atoms of hydrogen
givirg only 18 molecules of water and not 56, thereby generat-
ing two "volume" choices (36 x & + 17) moles oxygen and
(36 + 17) mole oxygen, as well as more '"mass" choices. . For =
particuler examined population, judgment will have to he made
a8 to which sequence of choices would be more discriminating.
Yo have homogeneity, the "26" choices and the “337 choices have
been pleced in that order.

Content area: Nitrogen peroxide/equilibrium

The classification of this question in Level 3* is obvious

too. But the question not only raguires the application of the
idea of the 22.4 litres, but also the fact that nitrogen perox-
ide is goluble in water. Yhereby the only gas collected is
OXygen. Choice (i) is from the sum of the moles of oxygen and
nitrogen peroxide. Choice (ii) consaiders only nitrogen perox-
ide. Choice (iii) wounld be the enswer if only one mole of the
nitrate were considered, as a result of the association of

1 mole of gas having & volume 22.4 litres. The assumptions

ere given not only to simplify the arithmetic, but alsc to avoid
the complications of the larger and unspecified amount of dini-
trogen tetroxide prepent in the nitrogen peroxide at S.T.P. as

B L]
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compared with that at 20°C, and the S.V.P. arising from the
dissolved nitrogen peraoxide. The two gramme molecular mass
is also given to simplify the arithmetic. The choices have
been written in decreasing order of magnitude instead of
randomly.

LVEL

CGontent aresn: Lir/combustion

The guestion involves judging evidence in support of two
theories (in foct the oxygen and the phlogiston theories).
Hence the question is classified in tevel 4. it should be
noted thet since ‘theory L is more comprehensive than Theoxry 5,
one would not find evide¢nce which would support Theory S, but
not Yheory L. So really this is a three-cholce question -
but pupils who have reduced this to a three-choice guestion
have analysed the problem in the asbatract. Note that some of
the observations are similar to the ones commonly given in
some textbooks as unigue evidence for Yheory L, but which are
in fact not so. o

Content areat: Niirogen pe:cxidefequilihrium.

Analysis of the experiment and the design considerations
involved are being tested here, so that it is clessified in

Level 4. The pupil has to analyse the situation and conclude

that there could be “Charles' Law of facts® as well as “disso-
ciation effects" that could provide for changes in pressure in

the experiment. Yhe answer involves one that will neutralise

the "Charles' Law effect". Many other techniques may, of course,
be used in this investigation but the point being tested here is
the examinee's ability to decide whieh of the cholces given would
provide the best design for the investigation.

In which level of achievement {objective)
would you place the following questions?

(1) A sky~-rocket firew@rk.gave a bright erimson light. A
salt of which one of the following substances may have
been used -to produce thie?

(i) Strontium (ii) Potassium (iii) Barium (iv) Sedium

(2) A su*tance effective in removing iron rust stains on
"e¢loth is: : o :
(1) Alcohol
(ii) Kerosene
(iii) Sodium chloride solution
(iv) Uxalic acid solution

‘ a4z
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(») Chlerine may be prepared by using whizh set of the
foilowing chemicals? :

(i) Granulsted zinc and concentrated hydroechloric acid.

{(ii) Potassium permanganate and conoentrated hydro-
chiocric acid.

(iii) Concentrated hydrochloric scid and aonicentrated
sulphuric scid.

(iv) Sodium chloride and concentrated sulphuric acid.
(4) Which gne of the following may be taken as evidence for

judging whether the given material is NUT = pure
substance?

(i) When heated in a test tube, the portion nesr the
flame always melted first.

(ii) Under tne microscope the substance was abserved
to be made up of particles of dilferent sizes.

{iii) Larger particles of the substance were found to
have a higher density than smaller particles.

(iv) 1V g of the substance all dissolved in 44U g of
water at 30°C.

(5) in carbon monoxide 12 g of carbon combined with 1o g
of oxygen, while in carbon dioxide 12 g of carbon com-
bined with 52 g of oxygen. is this statemant!

(i) an observed fact supporting Dalton's Theory?
{ii) an assumption made in Dalton's Theory?
(iii) 'an observed fact not involved in lalton's Theory?
(iv) an assumption not invaived in Yaltonts Theowy?

(6) vressure {(atoms) 10 1Uu 3500 1000

% eonversion 50 82 9l 99 Tenp. EUO%L

To which of the following reactions could the behaviour
ghown in the above table NUT apply?

(1) CO + 2H, C}ij()h
(31) N, + SH, 2NH,4
(iii) N, + Oy 2N0
(iv) 3C,H CgHg

(7) Wwhich one of the following solutions, with the pk values
given, would you expect to be most sour?

(1) pH 1 (ii) pH 3  (iii) pH 7 (iv) pH 9

E;BJ!;‘ A e s i!é&:l
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It is thought that sztoms combine with each oather so thai
the outermost shell acquires a stable configuration of

8 electrons. If stability were attained with © electrons
rather than with 8, what would the formula of the stable
fiuoride ion be?

(1) ¥ (11) ¥ (ii1) #77

{(iv) F,

The percentage of dissolved matter in sea water is about:
(1} 0.03% (11) O.3p (ii1) 3 {iv) 3u%

When 10 ml hydrochloric scid is added to 1U ml silver
nitrate, what will the resulting mixture contein?

(i) &xcess hydrochloriec acid.
{iig EZxcess silver nitrate.
(iii) No excess reagent.
(iv) Impossible to say.

A white erystalline material which does not react chemi-
cally with water, when extracted wiih excess water, left
a residue 4. The water extract left a residue B when
evaperated to dryness. The residue A was further
extracted with excess water, and this extraot left nc
residue on evaporation. '

Which one of the following conclusions may be drawn from
the above observations only?

(i) The material is a pure element.
(ii) The material is a pure compound.
(1ii) The material is a mixture.., " .
(iv) One cannot say any of the above with certainty.

Bright pieces of metals indicated were placed in the water
solutions of the compounds indicated. All the pieces of
metals appeared to behave in a similar fashion except one.
Which one wes thia?
(ig Iron in a solution of ceopper sulphate.
{ii) Copper in a solution of magnesium sulphate.
(iiig Zinc in a solution of copper sulphate.

{iv) Iron in a solution of silver nitrate.

Compared with another atom of atomic mass 12 and atonric
number 6, the atom of atomic mass 15 and atomic pumber 6:

(i) contains more neutrons.
(ii) contains more protons.
{(iii) conteins more electrons.

(iv) is a diffarent element.

When brass pins are tin plated using stannous chloride
solution, the element that ia reduced isas

(i) Tim (1i) Copper . ~ (iii) %ime  (iv) Brass

v 144
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(15) A batch of pupils going in a bus had to keep the windows
¢losed for several hours because of rain, Samples of
gir inside the bus were found to have a high concentra-
tien of carbon dioxide, which was prebably:

(i) gases excaping from the exhaust pipe of the bus.
(ii) the oxidation of carbohydrates, proteins, fats.

(iii) the atmosphere outside.
(iv) the burning of the petrol in the bus.

W:itingiTestfltems

Writing test items is essentially a creative art. Broad
principlies and technigques may be suggested, but these will not
guarantee the production of good tést items. It is the item-
writer's judgment and creative ability to make use of,- or even
ignore, these prineiples and techniques, that will determine
whether an item will be good, medictre or poor.

However, no amount of knowledge of technigues will make up
for a lack in subject matter. Alzo a knowledge of technigues
end of subject matter mlone will not meke up for a lack of
knowledge of the characteristics of the examinee populsmstion.

The comments below refer essentially to test items of the .
multiple choice form, which is one of the commonest of the
various objective test forms. This does not by any means imply
that the objective test is the best of the testing devices
available, The following ocomparison will make this clear.

Comggriggn-uf,essayntypeW(freéi;espongge;ype)
and abjeg;ive—typgitestg

[t is commonly thought that essay-iype ques-
tions are esay ito construct, whereas objec~-
tive questions are relatively more difficult.
However, to construct good, searching,
essay-type questions, structured for reason-
able reliability in marking, of levela of
achiavement % and 4, could be as difficult
as constructing objective tests of the same
levels. Constructing factual recall
easay-type guestiona is easier than con-
structing factual recall objective-type

Preparation of
taest item:

gquestions. :
Sampling of By its nature, sampling in an esgay-type
content: test is often limited.  In objective-type

tests, extensive sampling. can be obtained
fairly easily. The sampling in essay-
type questiona may be extended by framing
questions that bridge different areas of

W 445
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Measurement of
levels aof .
achievement:

Preparation and
mode of atudy
by pupils:

Nature of
responsa:

Time for res-
ponse by pupils:

Guessing by
Eugilgs" )
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content - say of the "ecompare and contrasti”
kind - but the=ze sre usually rather diffi=~
cult to construct, especially at levels 3
gend 4.

doth types are capable of measuring all
the levels of achievement in the cognitive
domain.

There iz some experimental evidence o suggest
that when pupils prepare for essay-iype teste
they concantrate on larger units of subject
matter and utilise study methods that favour
working out trends, relationships, inter-~
pretations and organisations.  In preparation
for essay~-type tests, pupils tend to make
summaries, and practice communicating verbally
in an organised way. ror objective-type
tests, pupils tend to produce study habits
that concentrste on deteils and specifies,
rather than on the larger aspects of the
subject.

Pupils organise thelr responses in essay-type
guestions. In effect, these questions are
multiple choice questions of a very large
number of choices, none of which are given.
In the objective-type test, the responses are
given. "he pupil does not have to design or
originate the answer. He has only to recog-
nise and select the answer. Lack of fluency
of expression is not a factor in ohjective-
type tests, although a good command of the
language is required to discriminate among
the choices. Uriginal thinking is very
difficult to be tested with objective-type
tests, whereas in essay-type tests it is
quite esasy.

The time of answering in essay-type tests 1is
of course much longer than (for comperable
content coverage) in objective-type teats.
However, resding time in the objective-type
teasts is considerable.

In essay-type tests, successful guessing is a
very minor problem, and is of.en the fault of
the examiner for not using a carefully des-
igned table of specifiocations for the test,
and theréby repeating questions covering the
same content area. un -the other hand,
guessing could be a major problem in the

2 g
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objective-type tests, especially in tests
where time of answering is barely enough.

Scoring of in essay-type questions, scoring is diffi-
pupil responses: cult, time-consuming snd somewhat unreliable,

even with a carefully designed marking
scheme, unless elaborate gtructuring has
been built intc the design of the essay-
type guestions. in the objective-type
tests, scoring is simple, rapid and highly
reliable.

Phis comparison reveals the faliacy of the argument that one
type of test item is unquestionably superior or inferior to the

other. Kach has unigque advantages, and unique limitations.
There are testing needs for which each is particularly well
suited. The experience of several nation-wide examination

research organisations is that examinations should contain both
types of question, in a proportion determined by the needs of the
particular test situation.

The following few rules of construction are not comprehen-
siva, but are sufficient to start producing questions. Furtiher
gsophistication and refinement will ocome with experieiice.

Rule (1) Use_either & direct guestion or an in;gmplete,stateQ
ment as the item stem.

EXAMPLE: Direct guestion

When you blow on & candle, it is put out. Which
one of the following would be the best reason 1o
explain this?

(i) Cerbon dioxide in the exhaled air is a non
supporter of combustion.

(ii) Moisture in the exhaled air moistened the
csndle wick.

(iii) Candle wax vapour cooled below its ignition
point.
(iv) Blowing caused a change in the atmospheric
pressure.

ﬁncamplete,statement

Reaction between neutral bafium chloride and sodium
carbonate goes to completion because:

(i) a gas is formed.
(ii) the reaction is reversible.
(iii) barium carbonate is insoluble.

(iv) sodium.chloride is more stable than sodium
carbonatés =
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Al though both kinds of stems are suitable, beginners in
teat consitruction seem toc produce fewer technically weak items
when they try to use direct guestions than when they use the
incomplete statement form. Because of the specificity of the
direct gquestion kind, it induces the item writer to produce
more specific and homogeneous responses. When an incomplete
statement is used, the writer's point of view may shift as he
writes successive rssponses. This can oonfuse the examinee
about the real point of the item. It is also usually easier
fer the writer to express complex ideas, especlally those
requiring qualification, as & direct question. The need to
have a completion at the end of an incomplete statement restrictis
the writer somewhat. He is not free to arrange phrases or words
to produce the clearest pessible statement. Further, the
writer of a direct question usualiy states more explicitly the
bagis on which the correct statement is io be chosen. However,
in the direct question kind, the number of words are usually
more than in the incomplete statement kind, and this is a
factor to be considered in the context of reading time, which,
in any case, for a multiple choice test, is much more than for
a gimilar (content and objective coverage) essay-type.

Rule (2) Generally include in the stem any words that must
otherwise be repeated in each response.

EXAMPLE: Under incomplete statement above, the word "because".
However, it is not always posaible or desirable to
eliminate all words couwmon %0 the rasponses. These
words have to be left in the responses to make
grammatical sense, or for clarity. (See example. .
under levels of achievcment, Level 2.)

EXAMFLE: When potassium chlorste is heated with manganese
dioxide,. a reaction takes place. Manganese dioxide,
in this reaction, may best be described:

(i) as an inert component, becsuse ite mass does
not change during the reaction.

(ii) as an oxidising agent, because oxygen is
liberated in the reaction.

(i1i) as a reducing agent, because the oxygen-free

' potassium chloride is produced from potassium
chlorate. '

(iv) as an scoelerator, because oxygen is given out
at a lower temperature than with potassium
chlorate alone. !

(See also example under Rule (3).

Rule (3) To begin with, avoid too many negatively stated items.

For one, such guestions are more difficult to make
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because three of the responses have 1o be correct
responses. For another, examinees may be confused,.
Having been sccustomed to selecting & correct
response, they may find it difficult to remember to
select an inceorrect response, If a negatively
stated stem is used, the negative shculd be

clearly emphasised, say, with capitals, thick
letters, or italics. :

EXAMPLE: In a balanced chemical eguation representing a
definite chemical reaction, we would expect to find
certain facitors on one side the same as on the
other. Which one of the following would NUT be
the same on the two aides? '

(1) Total number of molecules on the right.
{ii) Totel number of atoms on the right.
(iiig Sum of the atomic masses on the right.

(iv) Sum of the atomic numbers on the right.

(Note: 'The repetition of "on the right" is essen-
tial for clarity - see Rule (2}.)

Rule (4) Avoid making the correct response obvious due to
stereotyped phrasing or grammetical clues or due
to viamual inhomogeneity, such aa making it very

preeise and long (by qualifying it to meke it

sccurate

EXAMPLE: Sliced oranges are an excellent source oft

(i) Protein.
(ii) Starch.
(iii) Vitamin A.
(iv) Vitamin C, if freshly sliced.

Rule (5) Use "none af these™ or "none of the above" only in

items to which an unambiguously correct answer
may be given. -

It ghould not be used as & "space filler"™ because &
fourth choice cannot be produced. Used with dis-
crimination, it can be a very good distractor.

EXAMPLE: Hydrogen was passed over the heated (about 600°C)
solid products shown in items (A) and (B) below. .
Which one of the following probably took place?

(1) X0 + Hy ——3> X + H,0
(i1) X,0 + Hy——> 2X-+ H,0
(iii) 2X + Ezﬁ__}EJ{E
(iv) None :of these.
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(A) Hesidne after heating magnesium carbonate.
(B) Residue after hezting copper (II) carbonate.

(See also items in the sequence for practice in
classifying levels of achievement).

Rule (6). If an item deals with the definition of & term, it
ig often preferable to include the term in the
stem and present mlternative dei;nltlona in_ the
ehaices. :

Thereby it prov;ées more opportunities for attrac-
tive plausible choices, and tends to reduce the chance of
choosing the correct response by verbal association. (In any
case, stereotyped phraseology should not be used in the stem or
in the choices.) ~

EXAMPLE:  Compare (s) and (b) below.

(a) Which of the following names would best fit
the group of complex organic compounds that
are found in small guantities in natural foods,
and are egsential to normal nutrition?

{i) Nutrients.
(ii) Calories.
(iii) Vitamins.

(iv) Minerals.

(b) Vitamins may be best described as:

(1) complex substances necessary for normal
human development, and which are found
in small quantities in certain foods.

- (i11) complex substances prepared in biolo- -
' gical laboratories to improve the
nutrient qualiiles of ordinary foods.
(iii) substances extracted from ordinary foods,
which are useful in destroying germs in
the body.

(iv) highly concentrated forms of food
- energy which would be used only on &
‘dector's preaorlptlan.

The Tabla ef Speaifiaat;ans

In our usual aehocl *eqts we generally ‘wish to test for the K
level of achievement im particular content areas. This means ' 4
that we have at least two dimensions to our tests - the level
dimension and the content area dimension.

150 | -
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Tp enpure that we have sampled the content areas {content
validity) and also the levels of achievement (objective validi-
ty) effeotively, it is often helpful to draw up & table of
specifications for the examination we set, so that any paucity
in either dimension is immediately seen by us.

An example of such & table of specifications is given in
Part II - Supporting Evidence, 1. This design has been used -
on a national scale for the last four years. The table should
be on one sheet of paper, in which case only one content column
is required.

The examination for which the table of specifications has
been drawn up has both types of gquestions - objective (type I)
and essay (type II). There zre 40 items in the objective-type
test and these are numbered from 1 to 4V at the top of the
table. There are 10U items of the essay-type, and these are
numbered from 1 to 10, and follow the oebjective question number-
ing at the top of the table.

Vertically down the left, the various content areas are
indicated. The syllabus has been broken up into 27 content

areas. Yhig.is an arbitrary subdivision. Any convenient
number based on & realistic teamching unit breakdown may be
used. )

Horizontally at the bottom of the table are the levels of
achievement, or objectives, 1, 2, 3, 3% 4. These same levels
of mchievement, or objectives, are indicated vertically down
the right of the table.

) At a glance, we can see what this content asnd objective
coverage are and which areas of content have not been covered
or have been covered more than once. In this particular exam-
ination paper, an attempt has been made to cover almost com-
pletely the whole of the content area in the factusl recall
objective questions, 80 that the X's go diagonally down the
table up to item 14, on sheet A. . .

After items in each of the areas at various levels of
achievement have been prepared, we have to decide what kind of
weightage we will give in a particular test to particular
content areas and objectives. These would be the specifica-
tions of the exsmination paper.  We can then draw up & rough
table of specifications and place our itema accordingly.
Usually, before the examination paper is finalised, modifica-
tions in the weightage and/or the content areas that are to be
tested at which particular level .of achievement are required.
With the finalising of the examination paper we will also have
the finalised examination table of specifications which will
describe the content and level of achievement coverage of the
examinastion. : :

g-i:; leEi
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If we superimpose two or more such tables from different
tests we can see, among other charecteristics, whether we have
repeatedly sam$;ed the same content areas in the items at
levels 2, 5, 3', 4 (assuming that in each test we had designed
to cover the whole content area for items at level 1.

Guessing in objective testis

The possibility of guessing mars all objective tests. Une
of the earliest corrections for guessing 1s &s follows:

W
N=1
C = number correct

¥ = number wrong

n = number 6f choices in item

C - = Votaw's Correction for Chance Buccess

In a four-choice item one would subtract one third of the
number incorrect from the number correct. This formula assumes
that those who do not know the answer select. the correct answer
only by blind guessing. But if the pupils select the answer
as & Tesuld of incorrect information, this formula would over-
correct. I+ is the experience of examiners that pupils very
rarely use such blind guessing if sufficient time is given for
the test. Very often pupils eliminate one or two choices from.

knowledge, and may guess in their decision on two choices, This

is supported by the fact that only very rarely are clearly
incorrect choices found to be attractive to pupils.

The usual procedures to reduce blind guessing are: (a) to
instruct pupils against guessing, (b) to consiruct likely or
plausible incorrect choices based on common errors and partial
information, and (c¢) to allow sufficient time. '

As far as the first procedure is concerned, its effects are
difficult to estimate. Some will guess with or without such
directions. Others will be made unnecessarily cautious.
Pergonality traits enter into the situation and the aggressive
pupil will steal a march on the submissive.

Making wrong choices plausible is a necessary feature of
constructing good items. it seems that, to the extent plausi-
bility in the incorrect choices is obtained, by making them only
. glightly incorrect, the gffectiveness but not necessarily the
amount of blind guessing tends to be reduced. If the inade-
quate pupil finds ail the choices equally plausible, he will be
guessing blindly, and chance guessing will increase.

Sufficient time is vital to any test that does not presume
to be a speed test. Very often the "last moment rush” is the
time when much blind guessing takes place. If the time is
insufficient, chance gueseing will increase.
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several testing services do not apply a guessing correction
at all, while others, such zas the Educational Testing Service,
instruct pupils to guess intelligently when not sure, and use a
guessing correction. Their instructions state:

"You may answer questions even when you are not perfectly
sure that your answers are correct, but you sheould avoid
wild guessing, since wrong answers will result in a
subtraction from the number of your correct answera."

For the usuasl class tests, when sufficient time 1= given,
evidence seems to suggest that the rank order of the pupils is
not significantly altered whether a guessing correction is
applied or not.

The use of test data for the improvement of tests

Among the many purposes for which we use tests are the
following:. to discover the level of achievement of pupils in
particular content areas; to discriminate between good and
poor pupils. )

“hig means that we should try to determine whether, and
how well, our test items are capable of performing these func-
tions, so that they may be improved upon for future use.

If some of the incorrect choices in multiple choice test
items are unattractive to many pupils they are not serving their
function. A simple way to determine this is to find out how
many (as & percentage) have chosen each of the choices in the

tegt item. If the frequency is very small for a particular
choice, it would be a non-functional choice and would probably
need to be removed or improved upen. A lerge number choosing

g particular incorrect choice may indicate high discrimination
or it may be that ambiguity in the guestion is causing pupils to
choose it. In either case it is worth studying the item to
find ocut the reascn. It should be noted that the results are
true for the particular examinee population we have used the
items on. e o e -

. Tests we give usually have some guestions that are easy
(many pupila get the correct answer or score high marks), and .
some that are difficult. 'A simple way by which we can deter-
mine whether a particular test item has been difficult or easy,
for a perticular examinee population, is by using the following
index:

Index of difficulty

“fotal number attempting the item

The index may be expressed as a fraction or decimal, or as
a percentage. A high value would indicate thaet the gquestion
was easy for the particular examinee population, and a low
value, that the question was difficult. ' ‘
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Very often, especially with objective tesis, all guestions
are compulsory, so that the denominator in the above fraction
would be the total number in the exsminee group. (Using this
index for essay-type guestions is & litile more ccmplicatéa;)

We could have o similar index to tell ue whether a test
item can separate out the good students from the pocr. For this
we geparate out on the basis of the total marks of the whole test
the top 50% from the bottom 50% of the pupils (that is, we renk
the pupils in order of their performance from the first to the
lest position, and seperate out the iop 50% and the bottom 50%).
Then we find out how many in the top group got a particular test -
item correct, and how many in the bottom group got the same item
correct. (A better estimate may be obtalned if the top 1327
and the bottom 53y are compared.)

"hen the index of how the test item separates out the good
pupils from the poor (discrimination index) is given by:

Number who got the item correct in the top group
MINUS HNumber who got this item correct in the bottom group
DIVIDED BY MNumber in the group '

fhe number in a group will be, according *n the above separ-
ation, 50% of the pupils being examined. ‘

Thias index may also be in the form of a fraction or decimal,
or as & percentzge. ’

If everybody in the top group got the particular item
correct, and nobody in the bottom group got the item correct,
then the index would be:

Pp = 7 = 1 or 100p

This would be an ideally discriminating question. Usually
not all the members in the top group get the item correct, and
some in the bottom group do get the item correct. 50 the index
will be a fraction or less than 1luUjk, The closer the value is
to 1 or 100% the more disoriminating. One way of making the
items more discriminating is to make the wrong choices aB close
to the correct choice as possible (or as plausible as possible)
so that only those with a clear understanding will be able to-
select the correct choice.

Sometimes cne may find that the discriminatiocn index turna
out to be nagative. This means that more pupils in the bottom
group than in the top group have got the item correet.  This
usually means grave ambiguity in the item, in which the better
pupils perhspas see more in the stem or in one of the alternatives,
whereas the poorer pupils, betause.of their lack of ability or
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knowledge, are unaware of the finer interpretation that the
better pupils see. Of course, one could have diserimination
indices equal to zero, when sbout equal numbers in the top and
bottom groupa get the item correct. 1t would not be worth-
while having items of zero discrimination in a test, and of
course it would be tragic to have questions of negative dis-
crimination.

Yhere is evidence that the questions of medium difficulty
(between about 40Uy to 6Uj%) are the ones that can discriminate
best. ‘“he very difficult and the very easy questiions do not
seem to be able to discriminate very well. This is probably
because the very difficult items do not engage a sufficient
number of pupils. in the very easy items, of course, many
get the item correct, irrespective of whether they are good or
poor pupils. :

It should be remembered that these indices are only valid
for a particular examinee population at & particular point in
time, and that the indices are NUT absolute values character=
igtiec of the items. However, it the examinee population does

not change significantly from year to year, we can use the data
from a previous year to guide us in the design of new items and

new tests.
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APPENUIX II

Some Notes on Siruciured and rFree Hesponse Questions

by J.C. Wathews

In the past it nhas been usual to classify examination ques-

tions into twou types, objective and essay. Yo the first
there is only one correct answer. ‘'¢ the second an
answer consists of an extended piece of writing, marked,
with varying degrees of flexibility, from a predetermined
marking scheme. ’ :

Ubjective gquestions usually ‘include a number of suggested
answers of which the candidates must pick one. They are
objective in that the marking of the answers, and- to some

extent their purpos>, are not so dependent on the judgment

of individuals as are other forms of guestion. However,

_there is a_ considerable subjective element in the writing
and selection of these questions, and it would be better
if they were called fixed response guestions.

wWhile acknowledging that fixed response questions have
brought to examining an exactness which other forms of
question have lacked, it is now generally recognised that
the sole use of them in school examinations may not be
desirable. In class, teachers allow their pupils to
respond freely %o open-ended questions. Examinations -
if they are to encourage desirable teaching situations,
ghould do likewise.

The conventional essay-type question suffers from two
defects. while apparently allowing a f{ree response from
candidates, in fact it does not; Dbecause, in an attempt
to achieve reliable marking, examiners usually predeter-
mine what they want candidates to say and use a highly
gtructured marking scheme. Phe. difficulty to the candi-
date is that this structuring is not appsrent to him and
he is left to guess what it is that the examiner requires
him to =ay. Uver the years, of course, teachers come %o
know what the examiner expects, and guide their pupils
accordingly; but this leads to a rigidity in examina=-
tions, and a resistance to change by both examliner and
teacher.

it seems self-evident that, if an examiner predetermines
the structure and material of the answer he expects to a
guestion, he should make the structure explicit in the

question, and not leave the determination of this strue-
ture by the cendidate to either guessing or custom. ir,
on the other hand, an examiner wants a candidate to give
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a genuine fr
guestion suf
he must mark
predetermine.

sponse to0 & guestion, he must phrase the
y o iy toc allow this response, and
nseer in & manner in which he does not

" .E-‘ [

It appears, thsrefcre, tha
are necessary:

three main types of question

1.1 ixed response guestions. These may be in variocus
forms, bwt thay has s thing in common: the correct
answer iz fixsd a sved and candidates have to
chooge it 1ron suggested answers which are &ls0

astateld,

1.2 Structursd guestions. In these the examiner has
predetermined in detai the structure of the answers
he expects, and he has siructured each guestion into
parts which correspond to the expected answers. The
paris uf the guesticn are usually open endedg

-

1,3 Free response guestions. In these the examiner has

not predptgrmlrgd the answers which he eXpects. He
will give genersl guidance to those who mark the
answers, but not a detailed marking scheme,

Structured guestions

2.1 '"'he main features of a structured question should

resemble those of a lesson. Modern teaching requires

pupils to work on.information rather than simply to
recnll it, so & structured question has a stem in
whlch 1nfczm&t1cn is glven to the candidates.

2.2 The stem. - The data in. tne stem of & ‘question should
" be concise so that candidates are not overburdened
with reading and conmprehension., If the questions

are to test higher abilities than the ability to
recall, the data should: be partly unfamiliar to
Gandidayes or familiar materisl presented in an
unfamiliar way. ‘'he stem should indicate what the
overall purpose of the guestion is, 80 that as a
candidate works through the parts he knows the-.
general direction in which he is mcv1ng.

The 1nfarmatlon in the stem can be in varlcus farms.

2.21 A description of a labbratory experlment -
often with diagrams. :

2.22 A description of an industrial process ~ often
with diagrams. ,

2.2% Pata about the behaviour of substances- des-

criptive,.tabular, graphical, diagrammatic
and other forms.
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2.24 A paessage from scientific literazture.

2.5 The guestions. These are best conceived by imagin-
ing the guestions one would ask of a class faced
with the information given in the stem of the gues-
tion.

2.31 Most of the guestions comprising a set should
be open-ended. tThey shoula require short
answers, and be so phrased that the examiner
can predetermine what the answers should be
and the candidates are in no doubt about what
the examiner expects.

2,32 Within a set, questions should start with easy
ones and increase in difficulty.

2.55 Questions should not depend toco much on a
candidate having given a correct answer to a
gquestion earlier in a set.

2.%4 An appropriate space should be left on the
question paper so that the candidates Kknow the
maximum amount that they are expected to write.

2.55 Writers of guestions should have in mind the
educational objective of emch part of a ques-
tion in & set.

2.%6 Writers should try to look at the stem and the
questions from the pupils' point of view, and
a marking scheme should be considered and

" written at the same time that the gquestions
are being written. Yhe marking should be
detailed and an appropriate mark allocated
for each point which is expected in the anawers,
but there may have to be gome marking by
impriession, particularly if s short comment or
explanation is demanded. In the impression
marking the merks should not exceed 2 or » for
each part. With a finely structured set of
questions and marking scheme, & high degree of
reliability of marking can be obtained.

Free response guestions

Free response questions can be asked about any part of a
course of study, but they are particularly useful for
those parts of & course in which there is a choice of
topics or in which there is a large choice of material
within 2 topic.

5.1 The guestions should allow the maximum freedom of

choice of material and expression to the candidates,
and rarely should the candidates be restiricted to
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particular substances, reactions or processes. it
is in these questions that candidates who have read
outside their basic course and those who are capable
of divergent and original thought will be able to
gain merit.

The examiner should look for general gualities
rather than particular knowledge and candidates
should be told what the examiner is looking for.

if, for example, credit will be given for the
ability to write grammatically and clearly, candi-
dates should be told this either in the question or
in a general rubric. '

Many of the guestions will be short, but there is no
reason why this should always be so0. 4 good free
response question could be one in which s lot of
data is given, the candidates being asked to make
various generalisations and comments on the data in
the form of an extended answer.

The mark scheme should be in the form of general
guidance rather than a finely structured scheme.
Merking is best done by impression ©on a six-point -
scalet 5, 4, %, 2, 1, U, the process being one of
grading rather than mark allocation. Multiple
marking is desirable.

A general comment to gquestion writers -

Remember that what you write will greatly influence what is
taught and how it is taught. If, for example, practical
work has a central position in a course it must have a
central position in an examination.
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Appendix A
CEYLON 'O' LeVeL UNITS

IORIZATION I AND IUNIZATION 1II

Structured Questions

Questions 1 - 9

This group of questions is based on an investigation.
inte the effect of an electric current on a concentrated =solu-
tion of lesd chloride in water, at a temperature between 350°
and 95°C, The apparatus dravn below was used.

thermometer -

1. eneral name is given to the two pieces of apparstus
B and C7 :
i!!“Il‘..i.-!.lIl!..ill‘!..ié!'i‘!l!i'.i"ii!!.‘l‘.'!.!’j‘

2, What particular name would be given tc the piece «f appar-
atus C? '

3. Name a suitable material of which both B and C could be

made.
4. What purpose is served by the piece of moist litmus paper
at D7 ' ' '

L R N A N I I I N Y R T T T T T
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5. Suggest & reason [or heating the U-tube by surrcunding it
with hot water rather than heating it directly at u.
6. What would you expect to be formed on BY

Iﬁl!flliill“ﬁillill!!!il!!!!!(Itﬂ!!sygifilll!ii‘l.!!!jii

7- When the temperature of the solution was allowed to fall,
the current decreased. Suggest two reasons for this.

(l) iii!li;!’!‘Ill!i!.iiliiéc'I-il!ll!l‘,iig.i.vililla!!.
nng-l--i,ﬂiai--;-gi;--l-;-sgiginoii---aia‘aoiiiaaln-;
(li) -oi-l-nn---.-gis--oa-;’i-iisgil--ggn.-ic;igi!----,ﬁ-ii

‘yiiag‘-!;;i--éiitic;i.gnnii;-;-;-gie-ng;.&i-a!.;qig

8, This electrolysis resembles a change which takes place
when a pi€ce of zinc is placed into a solution of lead
chloride. State and explain one similarity.

il!'i!i‘ll!!t?!!i&.Iéiiéii!llii!ié.illi.élgil!l.li!l!'l!j

e e 8 8 B & % & B B & B w b B oM B G & S R E S AP FEE AR N LS EE S P E S s A d s

9, This electrolysis also differs from the change which
takes place when a piece of zinc is placed into a solution
of lead chloride. State and explain one difference.

s jlfil
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Qgesticngilﬂ - 17

This group of questions requires the following data:

Solubility in water at 20°C of:
silver chloride (AgCl)’ =  0,00000062 g-~formuls (ma%ei)/

, : ) itre
gilver sulphate (Ag2504) 0.0018 g-formula/litre

silver fiuoride {4gF) = 1.4 g-formule/litre
gilver bromide = 0.00000011 g-formula/litre

10. Arrange these four substances in the order of their solu-
bility (mol/litre) putting the least scluble first. '

ii‘!l!i‘iij!g!!illlst-lili!i’il‘!!lidlI;éDil!il!g&liI!vDQgilil

11. Where would you expect to put ailver IODIDE in this liegt?

12. What would you expect to observe (if anything) il a solu-
tion of potassium bromide were added to a saturated solu-
tion of silver sulphate? '

-b-l,‘,lia;l---;gji-gianutg,nil-s-iaéigsn‘lii@v-.io@»ilitiii;é

13. What would you expect to observe (if anything) if a solu-
tion of sulphurie acid were added to & saturated solution
of silver chloride? '

I:J!i;i-aiej-at-i}iegghll.l-iig!li-i---ji--i-iatatl.itilol

14, What is the congentration of silver lonmns (g~ions/litre) in
a saturated sclution of silver chloride?

ian-!';i-ué---s-a--:is;’giag!-n’-;;-)tllliinitps'iiii:ﬂ!!!'il

15. What is the oconcentration of silver ions {g-ions/litre) in’
a ‘saturated solution of silver sulphate? '

!OI'EQIG!QDi!ih.‘llDD.QQI'lllé'lIiill!!!iillll!ii!!ilfll'd)i

16. Write an equation representing the equilibrium which exists
when a saturated solution of silver bromide is in contact
with so0lid silver bromide.

T I N AR R L R A A AL A L A S

17. How would you demonstrate that & seturated solution of
silver bromide did contain iona? De not give practical
details.

¥
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MARKING SCHEME POR STRUCTURED QUESTLONS

1. ®mlectrode (1)
2. Ancde (1)

5. Carbon is the most likely, but allow any inert electrode
material (1)

4. Tc test for chlorine (1)

5. To get easier control and more uniform heating. Mark
by impression (2-1-U)

G, Lead (%)

7. ¥all in concentration of ions (1)

K21l in mobility of ioms (1)

8. ror any reasonable similarity (the most likely is the
formation of lead) (1). &xplanation should include the
fact that both the zine and the cathode provide electrons
for the change: FPb2+ (pq) + 26 —3 Pb (c). Mark by
impression (2=1-0)

9. For any reasonable difference (for example, the formation
of zinc ions in solution) (l). Mark explanstion by
impression (2-1<0)

Total for this set 15

v, Bromide, chloride, sulphate, fluoride (1)
11, ln front of bromide (1)

12, Precipitate of silver bromide (1)
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1>. sothing (1)
14. D0.00v0CL62 (1)
15. 2 x u,0v18 (1)

16. AgBr(o) —=24g" (aq) + Br7(ag) (2) 1 mark for minor
errorxr :

17. flectrical conductivity (1) compared with that of pure
water (1)

total for this set 10

SPECIFICATION FOR THE STRUCTURED QUESTIONS

Welghting is amccording to the marks allotted.

Question Aotivity Ability

1- B l
2. B 1
3. B 3
A. B 2
5. B 5

B 4 :

6. A 2 )

7. ¢ 3

c 4 ;

8. A 4 i

B el 4

B 5 ;

9. A 4 b

8 5 ’
B 5

10. h) 2

11. c 4 &

12. B 3 i

13, B 3 ;
14. D . 2
15, D >
16, il 5
' E 3
B 3
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Activiti CHANGING MATERIALS

<

o

w
W

'

- PHACTICAL TECHNIQUES

PERCEIVING PAYTERNS

C -
D - MBASURING AND CALCULAYING
E - USING CONCuPTS
Abilitiess 1. KNUWLEDGE
2.  UNDERSTANDING
3. APPLICATION
4. ANALYSIS
5. SYNTHESIS
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