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Language and Thinking in Science

Some Investigations with Multiple Choice Questions

An Abstract

In this thesis the performance of secondary
school pupils in multiple choice questions at two
levels is considered 1

(a) How the language of the question may

influence performance

(b) How the superficial language of the question

may be related to the necessary internal
thinking process.

The relationship between language, learning and
thinking is discussed by a literature review of
Language across the Curriculum; Language Development,
Abnormal Development, Cognitive Development and
Cognitive Processes. With this background, the
setting up of three major experiments using multiple
choice questions is described. Multiple choice questions
are used because it was felt that it would be possible
to design questions which would investigate not only
the effect of language on performance but also give
some indication of the internal processes which may
be involved in solving these questions. The multiple

choice questions are used in two ways



(a) in matched pairs where two questions have
been designed to test the same chemical
concept but the language used to form
the question has been altered in a
deliberate way

(b) as individual questions which have been
designed to investigate a particular
factor, e.g. pupil understanding of a
word in a particular context.

The three experiments are called the Scottish,
the Joint Matriculation Board and the Chemical Society
after the areas or organisations who were involved.
The Scottish experiment is a fairly tightly designed
experiment using both matched pairs and individual
multiple choice questions. The JMB experiment is a
parallel investigation in some respects using‘almost
entirely matched pairs questions with the added
dimension of comparing pupil performance with their
measured general ability, their social class and their
sex. The Chemical Society experiment is an expansion
of one of the areas touched upon in the other experiments,
namely the understanding of non-technical words in
seience. It is the least well defined of the
experiments but it may be close to reality because it
is based on the responses of real pupils to both

'‘good' and ‘'bad' questions designed by real teachers
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in the large number of establishments involved in the
experiment. In total the experiments included over
30,000 pupils,

After discussion of the results of these
experiments the following conclusions are suggested.

| (a) ability to respond correctly to multiple
choice chemistry questions is associated
strongly with measured verbal ability

(b) simplification of items materially helped

the less able as well as girls without
impairing the general efficiency of the test
as a measuring instrument

(c) high social class groups achieve higher

| facility values in chemistry questions than

lower class groups, reflecting the influence
of social class on language development.

In addition to these personal factors the
following are suggested as factors influencing per-
formance in multiple choice questions.

1 Words ¢ If a non-technical word that needs to be
understood to answer its question is replaced by

a word that is more easily understood then there

is an improvement in performance.

If any word is capable of being misinterpreted
then this influences performance.

In addition to the key words the other

14



words in the question may also have an
influence ag.compressed formal language may
depress performance.

2 Expression of Quantity or Order s+ If incompatible

expressions like *least abundant®', 'least concen-
trated® are replaced by more compatible expressions
like *most abundant®’, *most concentrated®, then
there is an improvement in performance.

3 Negatives 3+ If a negative expression is removed,
there can be an improvement in performance.

4 Bits of Information 3 If extraneous bits of

information are removed, performance improves

but if bits of information are removed to such

an extent that the question becomes more abstract

then performance deteriorates.

If the bits of information are arranged in simple
sentences instead of longer sentences with embedded
clauses, then performance improves.

If the item consists of information and a
question, performance seems to be improved by not
separating the question from the responses by the
insertion of information.

Performance in multiple choice chemistry questions
does not seem to be influenced by minor changes in
parts of speech nor by changing the passive voice into

the active voice.

15



From the individual multiple choice questions

the following conclusions are offered

(a) Technical vocabulary that is introduced
early in the secondary school may not be
recalled by O grade chemistry candidates,

(b) The language of the text book may not be
the language with which the pupil is most
comfortable,

(c) 1In learning definitions of technical
expressions, certain cues or trigger words
may play an important role,

(d) From the vocabulary questions certain
non-technical words including logical
connectives may be a barrier to the
learning of chemistry.

(e) The meaning of a word is not absolute but
varies from a general meaning to a more
precise meaning.

(f) A combination of words can result in an
expression with a difficult meaning.

(g) The meaning of a word depends on its
connotation and on its context .

(h) A word in a scientific context is harder
to understand than the same word in a
non-scientific context.

These conclusions are then considered in relation

to the theoretical background and research previously

16




described and the following hypothesis is suggesteds
In all of the experiments the same feature comes
across. It is the meaning that is important and it is
derived by an active interpretative process that is
language dependant in two interrelated senses:
(a) the language of the question is being
processed ie.words, expressions, and
bits of information are moving into the
memory units
(b) 1language could be being used for the
processing, i.e. advance organisers (109),
cognitive bridges (110), linking (116),
cues (135) may be being used to manipulate,
store and recall information within the
memory units.
The superficial language of the question is
responsible for (a) and will have an impact on (b)
and both (a) and (b) together contribute to the active
interpretative process. Thus the superficial language
of the question is closely related to the necessary
internal £hinking process.
The thesis ends with some tentative recommendations
and an account of some of the consequences of the

research work.
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CHAPTER 1

Language and Thinking

1.1 Introduction

In this dissertation it is hoped to consider the
performance of secondary school pupils in multiple choice
questions at two levels.

(a) How the language of the question

may influence performance.

(b) How the superficial language of the
question may be related to the necessary
internal thinking process.

Before describing the experiments, which are
designed to investigate these statements, a wider con-
sideration of language and thinking may help to place
the work in context. 1In particular this chapter will
give more consideration to 3 Chemistry and Language;
Language across the Curriculums; Language Developments
Abnormal Development; Cognitive Development and
Cognitive Processes.

1.2 Chemistry and Language

Words in chemistry are of fundamental importance.
Evidence for this is provided by published schemes of
educational objectives (1) which assign knowledge of
terminology to a position of primary importance.

Although Evans (2) may exaggerate a little when he

18



states that secondary school pupils may be expected
to learn as many new terms in a science subject as they
encounter in studying a foreign language, his quotation
(3) from a chemistry text where 19 of the 37 words,
which compose a passage, are technical expressions
illustrates the importance of specialised vocabulary
in communicating scientific information.

This plea (4) from a thirteen year old girl
strikes a chord with me.

*The words in chemistry are big and I

thipk if the words were shortened, then

puplls would understand better.®

A simplistic idea but she has my sympathy
because like Sutton (5) I agree that it is not the
processes inside test tubes which are mysterious, but
our way of talking about them. Most of the difficulty
pupils experience when they enter science rooms is of
languages waves of words washing over them. As
Creber (6) implies for many pupils it is a language
with which they have not learned to think. Sutton
illustrates this well by contrasting a pupil statement
with a text book statement. Both are attempting to
explain why powdered limestone reacts quicker with an
acid than a lump of limestone does.

Pupil statement 3 I think its coming off

quicker because there's more sort of cut

faces to the smaller bits.,

19



Text book 3 The rate of a chemical reaction
depends upon the state of division of the
reactants.

This type of formalised writing, as Smith (7)
states, leads pupils to believe that their own thinking
does not count and that in examinations what is required
is "regurgitation of someone else's thinking in someone
else's language"”. The title of Perkes (8) article rings
true when he talks about the tyranny of words and very
often, as Jenkins states (9), mis-conceptions regarding
a young secondary pupil's ability in science can arise
in the use of words which often give an exaggerated
idea of a child's level of understanding. In addition,
because of the emphasis placed on formalised language,
pupils can often suffer a sort of "verbal diarrhoea"
when, in an attempt to mimic this language, words are
used in incorrect situations. As Barnes (10) noted in
his investigations with tape recorders in classrooms:

*The technigal term is often taken to have

a value of its own and its substitution for

an alternative formulation is sometimes taken

to have the weight of an explanation. Side-

by-side with this some teachers are using
specialist language without explicitly
presenting it.'

The difficulty facing the pupil of chemistry
is more than coming to grips with technical temms and

these investigations begin to give an indication of the

wider role of language in science.

20



(a)

(b)

(c)

Williams (11) described an interesting invest-
igation into the effect of re-writing certain
scientific passages to a lower level of
readability. 400 pupils, half given the
original passage and half the simplified
passage, were given a multiple choice test on
comprehension of passages. The simplified
group did significantly better. Three
considerations governed the rewriting of
passages to make them more readables simpli-
fication of non-technical words by substitution;
amplification of technical vocabuléry through
the addition of phrases or compiete sentences;
and rephrasing and shortening sentences. to
make their thoughts clearer and more distinct.
Gardner's (12) Australian word survey is an
attempt to gauge pupils®' familiarity with non-
technical words at various age levels. The
non-technical words are deemed to be essential
for the teaching and understanding of science
and they were tested in multiple choice questions.
This will be discussed in more detail in a
later chapter (Chapter 5).

Storey (13) with reference to Fullman (14)
describes an investigation with 105 pupils

taught by the same teacher and when half were

21



given a multiple choice test in a simpler
language than the other half, the mean
score of the simplified language group was
higher than the more difficult language
group.

(a) O'Donnell (15) showed that language in
examinations can even influence pupil choice
of question. In O grade Physics he found
that there was a positive relationship
between the questions candidates chose most
frequently to attempt and those that were

least syntactically complex (16).

The chemistry pupil is faced not only with
problems associated with technical terms, but with the
related difficulties of a detailed conceptual content
expressed in a formalised way. The language used in
teaching should be an aid to learning but often it
tends to be a barrier to learning. It is through my

L.
concern for chemistry pupils that this research work
has been initiated and it is my hope that this work
will make some contribution towards the real need
identified in the BullocH report (17).

'We must convince the teacher of history

or of science, for example, that he has to

understand the process by which his pupils

take possession of the historical or
scientific information that is offered thems;
and that such an understanding involves his

paying particular attention to the past
language plays in learning.’



1.3 Language Across the Curriculum

Following the publication of the BullocK report,
A Language for Life (17) a number of summaries or precis
(18)(19)(20)(21)(22)(23) were published. These by their
nature are general and are aimed at their own audience in
the educational field from local authority administrators
to classroom teachers, but they are all similar in that
they emphasise the need for every school to develop a
policy for language across the curriculum.

The expression 'language across the curriculum’
is an unfortunate one because it is capable of many
interpretations, i.e. the need for a spelling or
punctuation policy, that detract from what I see as the
important need, the need for a learning policy. The
wooliness of the expression "language across the
curriculum” does not seem far removed from this
gquotation of over fifty years ago.

*Every teacher is a teacher of English

because every teacher is a teacher in

English. We cannot give a lesson in any

subject without helping or neglecting the

English of our pupils ... In plain words,

English is not a subject at all. It is a

condition of life' (24).

It is not clear from this quotation what the
author is implying. From more recent sources it is
possible to find equally vague quotations.

‘Language across the curriculum is essentially

a name for a policy which is directing our

attention to the varieties of language that are
going on elsewhere than in the official English

lesson. (25)
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Britton, who has perhaps had most influence
on the language across the curriculum movement, has
apparently no doubts about the implications of a
language policy. The theoretical core of his work
appears in a very readable book with the title,
Language and Learning (26). That title is a declaration
of where he feels the emphasis should be. Marland (27),
much influenced by Britton, puts it very succinctly.

'A language policy is a learning policy.'

Language is concerned with communication and
it is obvious that teaching involves communication.
Often such communication is, or ought to be, two way.
Either way the vehicle is language - spoken or written -
heard or read. However, language is concerned with
more than communication. The actual learning process
is dependent upon language - our own personal language
in which we think.

1.4 Language Development

By way of an introduction to this, I would 1like
to recall one incident from my own experience. While
on holiday with my family on a Scottish island, my
third daughter, who at that time was about eighteen
months old, was sitting on a beach pointing and saying
the word 'fire'. There was, however, no flame to be
seen and it seemed she was using this label for the sea.

Naturally we were puzzled as to how this apparent

24



misconnection had arisen, but later it became clearer
as we walked about the island. When we saw water
moving down hillsides, streams, brooks, or rivulets,
they were invariably called by the Scottish expression
‘burn'. The child had understood and seen the
connection between the moving water on the hills and
the water on the beach, but our labels were causing the
apparent confusion.

My experience would lead me to feel favourably
inclined towards the ideas of Halliday (28) who considers
that a child does not acquire a language nor does the
child learn a language. He believes rather that there
are strong implications that a child ‘'makes its
language*.

As adults we can see all the time, if we pay
attention to what is said by, to and in the presence
of a small child, how in the course of the most
ordinary linguistic interaction, he is constantly
learning the structure of the environment in which he
is growing up, in all its aspects, material, logical,
institutional and social. He is also, at the same time
developing his own unique personality which is being
formed at the intersection of a whole number of role
relationships. It is one thing of course to recognise
that all this is taking place, and that it is taking

place to a large extent through the medium of language.
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It is quite another thing to explain how it happens
and how the linguistic system is endowed with the
potential for making it happen.

In Di Vesta's (29) book there is a useful
general description for the stages of language
development in young children. It is based closely on
Menyuk's (30) summary of observations collected by
experimenters. It should be noted that the times
indicateé are approximate and should not be construed
as normative periods.

The infant period s (birth to six months)

The child produces such sounds as grunts, cries, gasps,
shrieks, chuckling and cooing.

The babbling period : (six months to nine months)

Units of utterances - babbling.

The jargon period s (nine months)

Stresses and intonation patterns in strings of utterance
units more closely correspond to those of the adult.

The quiet period s (nine months to one year)

Decrease in vocalisation.

The holophrastic stage s (one year to two years)

The child uses single words to indicate whole phrases.
The child understands much of what he is told.

The spurt in word development s (two years)

Many conventional words appear. Produces two and three

word sentences. A given word can be used with a number
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of intonations, e.g. declarative, emphatic (!) and
interrogative(?).

The sentence period:(three years)

Uses functionally complete sentenceé that are
grammatically incomplete.

Beyond this stage it is reported that the
individual's language system shows more frequent use of
sentences with complex structure, increases in the
variety of sentences and increases in the length of

sentence.,

The assumption implied in this continual
development may be a useful one, and it is not
restricted to very young childrens Edwards and Gillan
(31) report the observed development of vocabulary over
the five to seven year old period of children's growth;
Chomsky (32) in a well constructed research exercise
reports that active syntactic acquisition is taking
place up to the age of ten and speculates that it may
be happening beyond this age. Jakobson (33) talks of
this continued development as the principle of language
change where one cannot erect the superstructure without
first having built the foundation and implies this
type of stratified structure for linguistic development.

Why do children acquire language in the way they

do, at the speed they do? The classical explanation of
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language learning is that it is essentially a process

of imitation and reinforcement. Chomsky (34) was the

first to discuss at length various fallacies in this

behaviourist account (35) of the language acquisition
process, and Crystal (36) states that two argg#hents

were crucial in undermining the imitation theory.

1 We would expect children to produce rather
different patterns in their language than in
fact they do: ‘'Nobody don't like me'.

2 We would not be able to explain some of the
things that children actually do say in their
utterances:s 'I goed', 'mouses'.

It is my opinion that language is not learned
solely by imitation. At eighteen months a child cannot
be enticed into repeating in full a sentence such as
*The car has gone'. He may say ‘'car gone' or 'all car
gone'. In other words the child is apparently using
his own rules for constructing sentences and for
interpreting them, and the implications behind the idea
of a language acquisition device (LAD) in the brain are
worth considering.

A LAD has been proposed in various sources
(37)(38)(39)(40) as a model of how language might be
acquired but it should be noted that this model says
the child behaves as if LAD existed -~ the model does not
imply that LAD really exists. In fact McNeill (39)(40)

cautions that ILAD is a fictitious aid for thinking about

language.

28



Fig.1.1- Language Acquisition Device

Samples of linguistic
data to which the child
is exposed and to which

"he is receptive

g

U=

QA !l"lllllllllllé

The construction of the LAD- the innate mental
grammar of the language capabilities whi_c;h allow
by output of examples the child to form

a:d feedback to O""”""" hypothesis or rules
reconstruct hypothesis ' governing language use

Lenneberg (41) suggests that language experiences
are analyzed and resynthesised in a continuing spiral.
The LAD seems rightly to emphasise the internalisation
aspect of language development initiated by the input
experiences and particularly in the early stages of
development the role of the mother is crucial in
structuring these input experiences. Effective methods
for helping language development may be derived from
the findings of recent studies (42)(43)(44)(45). These
are based on the way that mothers, especially those of

children who are considered to be linguistically advanced,
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structure their linguistic input to the child at
successive stages of development using techniques that
initially supported and encouraged the initial stumbling
efforts. One attempt to try to improve the early
interaction between mother and child was carried out in
the West Riding within the Educational Priority Area
action research programme (46). Mothers with a child
over the age of eighteen months were visited every week
and involved in play and activity with the child. One
of the home visitors observations was that mothers
assumed that their children's language and their learning
of basic concepts (i.e. about colours) would develop
without help. These mothers learnt how much more active
they themselves could be in promoting their children's
development. This attitude of active participation seems
to me to be an improvement in one in an earlier HMSO
publication (47).
*Teachers of English sometimes complain that
when the children come to school they can
scarcely speak a word at all. They should
regard this as an advantage.'
The mother's role is not only crucial in developing
language acquisition in the child, but it is also
important in developing learning in general, and this
influence has an impact on later achievement in school.
The surveys carried out for the Plowden Committee by
Peaker (48) and Wiseman (49) in this country and the

report on Equality and Educational Opportunity (50)
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in the United States produced ample evidence that
factors in the home much more than those in the school
were responsible for variations in pupil performance.
Smith (51) confirmed this and further re-analysis by
Mayeski (52) led them to conclude that family background
was by far the most influential factor in pupil
achievement.

Piaget (53) argues that language development
must be viewed within the context of the child's
cognitive development as a whole but so far there have been
few experimental studies of the way in which linguistic
features can be shown to relate to Piaget's various
stages. One such argument is given by Sinclair-de-
zwart (54).

During the first eighteen months of life, a
child develops the idea that physical objects have an
independent existence. At eighteen months the child
accepts the existence of things that are separate from
himself. The separation implies a distinction between
objects and actions and this distinction now appears
in speech as the distinction between nouns and verbs.
This argument attempts to explain a structural arrange-
ment in child language by reference to one of Piaget's
stages of intellectual development; namely all children
pass through the sensory-motor period and all therefore

have nouns and verbs. Other scholars (55)(56) have
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argued along similar lines. As McNeil (40) states -
it is impressive for Sinclair-de-Zwart's hypothesis
that the chronology is correct. Nouns and verbs are
present in child speech when words are first combined
into sentences, roughly at eighteen months which also
is when the sensory motor period comes to a close. The
hypothesis is plausible but is perhaps premature and
unnecessarily sweeping.

Whether it is cognitive advance that explains the
improvement in using language or the reverse remains a
fundamental problem for developmental psychology but the
internalisation of language in inner speech seems to
tie all of these advances together. Though this process
of internalisation is difficult to study, it is surely
one of the major milestones of human development.

Bloom's thinking (57) seems neatly to relate
cognitive and language development. Bloom states that
an ideal account of language development must specify
at least three interrelated components: 1linguistic
experience, nonlinguistic experience and cognitive-
perceptual organisation with the three components
interacting to affect the development of linguistic

competence. A schematic representation is
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Fig.1.2-Cognitive and Language Development

perceptual

Cognitive
development

Non linguistic expertise

inguistic experience

This seems to be a useful representation
showing language development dependent on experience
and cognitive development.

1.5 Abnormal Development

From studies of deaf children, language
deficient children, learning-disabled adolescents and
brain damaged people, it is possible to draw some
further ideas on normal language/cognitive development
and it is these issues which I would like to consider
in this section.

Furth's research (58)(59) was with deaf children
who at the age of primary schooling possessed virtually
no language. These deaf children solved cognitive
problems in the same way as did normal children and at
only slightly later ages provided the problems were

adequately presented in a non verbal manner. This
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led to the conclusion that intellectual development is

possible without language but language acquisition is

bound to the elaboration of cognitive structures in
general. The importance of interactive language experience
is highlighted by these two examples.

(a) Sinclair (60) says 'No child learns to talk
unless he hears other people talk'. Congenitally
deaf babies and hearing children brought up by
deaf parents do not acquire language before they
are given special training.

(b) Jakobson (61). The observation of deaf children
and dumb children shows clearly that farnormal
development the acoustic impression of one's
own sound production is important and that the
child reacts to this perceptual impression when

he attempts to imitate his own sound productions.

In comparisons between language development of
normal children and deficient children, there are
contradictory reports. Lenneberg et al (62) suggest
similar development while Menyuk (63) and Lee (64)
report dissimilar development. Morehead and Ingram
(65) attempted to resolve this controversy by matching
normal and deficient populations on linguistic criteria
(e.g. mean number of morphenes per utterance) rather than
on the standard criteria of age, IQ and socio-economic

level. Their comparative study gives a detailed -
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linguistic analysis of a rather large population of
children from which a number of specific linguistic
measures are derived to compare aspects of productive
use. They report highly similar linguistic systems in
the two groups. An important difference found is that
despite similar linguistic systems, the deficient
children are not able to use their systems with the same
degree of efficiency. They conclude that deficient
children at least at the level studied (about three
years old) add words to their existing constructions but
fail to develop the combinational potential that is
inherent in their grammars - a failure evidenced by less
frequent use rather than complete absence of more complex
structures. Their conclusion is similar to Stanton's
(66) who found from working with pre-school children,
again in a comparative exercise, that the overall
impression is that the language delayed children were
employing the same variety of cognitive strategies as
are the normal children. From this type of work perhaps
what is coming through is the importance of the quality
of the internalisation language system (hints of LAD)
in attempting to make efficient use of the linguistic
input.

The following investigations also reflect on
the importance of the internal linguistic processes.

These investigations (67)(68)(69)(70) of the language



processing abilities of learning-disabled children have

indicated that deficits can be assigned to one or

more of three broad categories. They may reflect -

(a) reductions in short term memory and immediate
recall, and/or

(b) reductions in the acquisition of linguistic
rules and in linguistic processing, and/or

(c) reductions in cognitive-semantic and logical
processing.

Even in learning-disabled adolescents these
categorisations of deficits seem to be reasonably
applicable (71)(72).A This seems to imply that various
internal processes of the brain may be responsible for
language and learning development and at this stage it
may be worth considering the function of the brain itself.

Originally a theory for the working of the
brain was developed which speculated that particular
parts of the brain were responsible for particular
functions (e.g. speech). This was called a localisation
theory. Broca (1861) translated by Kann (73) argued
that speech was controlled by either the second or more
probably the third convolution of the frontal lobe of
the left hemisphere. Wernicke (1874) (74) reported a
different kind of language difficulty associated with
é lesion to a posterior part of the left hemisphere.

Broca‘'s patient could comprehend speech but not produce
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speech whereas Wernicke's patient could produce speech
but not comprehend speech. Acceptance of this type of
localisation theory has been resisted by many other
researchers. Jackson (75) argued that language is a
psychological function rather than a physiological
function and the brain operates as a functional unit -
'to locate the damage which destroys speech and to
locate speech are two different things'. Head (76)
stated a lesion in the brain like a break in the railroad
track disrupts service but it does not locate the speech
center. Eisenson (77) summarised the arguments that
oppose the localisation theory and these included 3
(a) patients who suffer similar lesions do not
always exhibit the same defect.
(b) the same defects may be associated with lesions
to different parts of the brain.

There is one aspect of the localisation theory
in which there seems to be general agreement. Language
functions seem to be controlled primarily by the left
hemisphere of the brain. According to Geschwind (78)
ninety-seven percent of language impairments result
from injuries to the left hemisphere. The right
hemisphere seems to be more related to spatial tasks,
visualand tactile discriminations and music perception
(79). Experiments by Sperry (80) on patients who have

had the two hemispheres of their brain disconnected
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through surgical cutting in an attempt to control

severe epilepsy have some interesting results. For
example if the name of an object is flashed to the right
eye and thus to the left hemisphere of the brain, the
patients can readily identify the word by speaking or
writing it but when a word is flashed to the left eye
the patients deny seeing anything although if the
patients are asked to point to a picture or object
matching the word they will do so correctly despite the
fact that they have just denied seeing it.

The one thing that is reflected in these
investigations with brain damaged patients is the
complex relationship between brain function, cognitive
ability and language competence. Consider these two
examples from Luria (81).

(a) Patient with a tumour in the left hemisphere
was asked to repeat the sentence : 'Spring

came and the leaves came out in the trees' 1

responded 'Well .... it was already warm and

it turned out very nice'. It is easy to see
that although the lexical content of speech
has completely collapsed there is retention of
some ability to comprehend the general meaning.
(b) Patients with lesions localised in the
tertiary zones of the lower tenmporal and

temporal-occipital areas of the left hemisphere
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lead to a different type of difficulty. They

retain contextual speech but they are unable

to use logical and grammatical codes, e.g. they

can understand ‘Father and mother went out to

the theatre and grandma and the children stayed
at home', but are quite unable to understand

'‘Olga went from the factory to the school that

Katya attends, to tell what she had seen in the

woods'. The thinking required to unravel this

statement had been impaired.

Another example from the same source (81) gives
some insight into the number of steps involved in the
process of verbal expression - the turning of a thowht
by a number of stages into a statement. A patient with
cortex damage (arteriosenous aneurism within the temporal-
parietal lobes of the left hemisphere) giving an account
of his illness.

'‘As I fill ... full ... fell i11. It was

like thiss things weren't so good ... and I

went right dawn ... down ... down. They took

me off to the armoury - no it wasn't ... it

was to school - oh no! not school ... into

the army ... no what am I saying the army!...

it was you know where people go when they

aren't well? To the infirmary? ... that's

it ... the infirmary!"’

Luria attempts to explain this by stating that
every word represents a multidimensional matrix of

connections from which the wanted (adequate) connections

are chosen while secondary connections are inhibited;



in the condition described above, the process of inhibiting
secondary (inadequate) connections is impaired and thus

the appearance of any of the connections of this multi-
dimensional matrix becomes equally likely. Competition
between all the possible connections leads to forgetting
and to the appearance of strange words that resemble the
wanted word either in sound or in meaning.

As an expansion of this idea of a multidimensional
matrix of connections, Luria makes three thought provoking
statements.

(a) Every word represents a definite sound complex

a small change in which may alter its meaning.

Adequate understanding of any word presupposes

that the wanted word can be distinguished from

all the words that sound like it.

(b) Every word represents the designation not of

one definite object but of a whole series of

possible objects (the word ‘'go' can at one in

the same time mean 'start', 'begin®', ‘'move’,

‘walk®', °'ride', etc.). Using a word in its

wanted sense implies a choice of the wanted

meaning of the word from among a great number

of possible alternatives.

(c) Every word represents a very complex formation
that alongside its designating function (or

pertinence to an object) also includes a system
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of generalisations that is known in psychology

as the words meaning.

These ideas seem to have been influenced by
Vygotsky (82) who showed that in very young children
every word had a compound meaning, e.g. a word such
as 'Tpru' (Gee up! Whoa!) could equally mean ‘'horse’
or 'off you go' or *'stop'. If a noun suffix were
added making it into *Tpru-n‘'ka‘® its range of meaning
narrowed and although it still referred to an object
(horse) it no longer signified an action. 1In a similar
way for one of my own children all furry four legged
animals were at one time called 'dog'. With age this
is reported to be a narrowing of the range of meaning
(83) and the change in the specific meaning of a word
as the age of children increases is also reported (84).

This brings us back to language development,
but what is the major point that can be taken from the
observations on abnormal development? Perhaps with the
complex interrelationship of cognitive ability and
language ability it is easy to accept Lenneberg's
point (85) that a whole brain theory is most sensible
i.e. language is probably due to the particular way in
which the various parts of the brain work together. If
that is the case, it may be useful, in an attempt to
gain a fuller appreciation of the interrelationship

between the inner processes of the brain and language
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ability, to consider cognitive development and
cognitive processes.

1.6 Cognitive Development and Cognitive Processes

Earlier in this dissertation some of the ideas
of Piaget (53) are touched on - in particular his
argument that language development must be viewed
within the context of the child's cognitive development.
At this stage his ideas may be worth considering in a
little more detail. Piaget considered that there were
four main stages to cognitive development: the
sensorimotor stage (birth to 18 months/24 months);
the pre-operational stage (18/24 months to 5 or 6 years):
the concrete-operations stage; and the formal-operations
stage (continuing from about twelve years old). It
is mainly in the first of these stages that theconnections
between language development and cognitive development
have been considered. For example Piaget (86) argues
that the development of the capacity to imitate is a
pre-requisite to the acquisition of learning. He
emphasises that the ability to imitate does not emerge
full blown but develops gradually during the sensorimotor
period. He states that children first learn to perform
imitations with parts of their bodies such as their
hands which are in their immediate visual field. Later
an advance can be discerned when children learn to

perform imitations which are not visible to them such
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as the imitation of facial gestures. He feels that

the final product of this developmental hierarchy is

the ability to perform deferred imitation and if a child
cannot perform deferred imitations, then he cannot master
language because speaking, at least in the initial stages,
can be seen as one example of deferred imitation.

There is some evidence for a close relationship
between the emergence of cognitive differentiation and
linguistic differentiation. One example of this has
been reported by Sinclair de Swart (87). She showed
that children who have mastered the concept of conser-
vation (i.e. that the volume of a liquid does not change
as it is moved from one shape of container to another
differently shaped container) differed in their use of
language from children who had not mastered this concept.
Conservers when presented with two objects such as a
long thin pencil and a short thick pencil and asked to
describe them tended to use comparative terms, e.g.

‘this one is longer than that one' whereas non-
conservers tenéed to use absolute terms saying such
things as *'this one is long and this one is short'.
She argued that non-conservers tended to think and to
talk in one dimension at a time whereas conservers
integrated information from different dimensions in
both the conservation and the descriptive tasks.

In a similar way Bloom (57) states that two-word
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utterances which typically omit *functors®' such as
inflections on nouns and verbs, possessives, auxilliaries
and articles, represent a lack of language development
rather than a lack of cognitive development. For
instance Bloom cites the example of one child who used
the expression 'Mummy sock® in two different contextss
once when the mother was putting a sock on the child

and once when the child picked up the mother's sock.
Bloom argues that the first utterance is intended to
convey ‘'Mummy is putting on my sock' and the second *'This
is Hummy's sock'. Given the fact that a two year old
child has considerable experience of his world and has
mastered to a considerable extent the relation between
his activities and their effect on various objects
(Piaget (88)), this suggestion is plausible and is
further strengthened by evidence on sentence compre-
hension. Brown and Fraser (89) report an experiment

in which children between two and three years old weref
asked to repeat sentences. Children preserved the
meaning of the original utterance by repeating the
content words such as the nouns and verbs and by dropping
the function words such as articles, prepositions and
auxiliary verbs. Thus children appear to readily under-
stand sentences which they cannot repeat with syntactic
precision. Slobin (90) reports that this is a feature

of all languages so far studied. In later work Brown



(91) claimed that children's earliest utterances
semantically expressed the concepts which Piaget's
theory would characterise as the achievements of sensori-
motor intelligence.

It is difficult to find material related to
Piaget's model of cognitive development, beyond
sensorimotor stage, that relates to language development,
beyond short utterances, and it was for that reason that
I referred to the hypothesis of language development
linked to Piaget's stages of cognitive development as
be ing perhaps premature and too sweeping. Having
advanced to two word utterances, the question arises
as to how further development takes place and the answer
does not apparently lie entirely within the framework of
Piaget's stages of cognitive development.

The work of Bruner and his associates (92)(93)(94)
provides a major supplement to Piaget's theory. Instead
of four periods of cognitive development, Bruner
suggested there are three different modes of repre-
senting the world:
enactives representing the world in terms of action
iconic representing the world in terms of static

perceptual images
symbolic: the use of language and symbols
Bruner's theory accounts for the *big leap’

in cognitive processing that occurs at about age five
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to seven, partly by emphasising the increased power
that language provides, i.e. the shift from iconic to
symbolic representation. For example Brown and Berko
(95) provide evidence for a major shift in the way
language concepts are stored that occurs at about age
six - from heterogeneous to homogeneous word
associations. 1In addition, the work of the Kendlers
(96)(97) revealed that reversal shifts were easier for
children over six. A different kind of evidence comes
from the work on eidetic imagery, Haber (98). When
children were shown a picture and then asked about
details when the picture was removed some were able
to 'see' it in almost perfect detail and to answer
questions about it. In a major study about eight percent
of elementary school children possessed this ability -
called eidetic imagery - while almost no adults had it.
One explanation, Doob (99), is that our society demands
that we encode information vefbally rather than visually
and that as the ability to read and write increases the
use of image representation falls. White (100) has
compiled a list of over twenty changes that occur
between the ages of five and seven including these three 3
(a) Far transpositions After learning a simple
discrimination task, such as choosing the larger
of two squares, older children also succeed in
applying the principle to very different situations

while younger children cannot (101)(102).
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(b) Discrimination learning: Improvement in
discrimination learning increases up to the
age of about six and then declines perhaps
because older children develop more complex
hypothesis (102)(103).

(c) Development of personal left - right:

Children become able to discriminate their

left and right sides at about the age of

six (104).

Apparently there is a major difference in the
way the preverbal child and the older child think.

The difference is not just a quantative one, with the

older child being 'smarter' but rather a qualitative

difference in the way thinking occurs. The reason for
the differences is still not well understood;‘ for
example it is not clear whether the onset of language
is the cause or the result of these emerging new
cognitive powers. However, the curious coincidence

of so many cognitive changes, cited by so many different

experiments, suggests that something is happening and

it seems that a better understanding of these changes
that lead to adult thinking processes may also help to
clarify what adult thinking processes are.

A useful model of cognitive processes, because
it is more explicit than most about internal events is
the one proposed by White (105). It is illustrated in

Figure 13.



Fig.1.3- A Model of Cognitive Processes
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This model seems to me to have been influenced
by previous models. For example, Ernst and Newell
(106) have provided a simplified description of the
problem solving process and Greeno (107) and
Feigenbaum (108) have proposed a memory model. These

are illustrated in Figure 1.4 and 1.5 respectively.
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what White hazs done is to marry together a numker

of ideas successfully andé his model is worthy of further

consideration.

Events are anything that goes on aroun? the learner

i i i more
and the learner translates the observed stimull into a

or less meaningful form which is held in the short-term

buffer.
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What Figure 1.3 does not bring out clearly is that the
observing and translating are affected by the observer's
cognitive structure. What attracts the learners
attention and how he interprets the received stimuli are
functions of the learner's knowledge and attitudes. 1In
other words White perceives that the whole system is
highly interactive.

Information held in short term memory can be
forgotten or can be passed on to the working memory,
which has a greater capacity than short term memory and
can hold selected information for longer periods. If
the information has to be retained then it needs to be
processed: that is passed into long term memory.

Processing, White states, consists of linking
new information to existing knowledge and this idea
is the basis of Ausubel's (109) theory of learning.
Ausubel places emphasis on the use of *advance organisers®
or as Novak (110) terms them 'cognitive bridges'. They
also suggest that new learning must be linked to existing
knowledge using ideas with which the learner will have
some familiarity.

This processing could be language dependent in
two senses, one language could be being processed, and
two language could be used for the processing. These
ideas of Slobin (111) could be considered as an example

of the latter.



Slobin asks us to consider these three sentences i

(a) pie little blue mud make eye girl was

(b) the little pie with mud eyes was making a blue
girl

(c) the little girl with blue eyes was making a
mud pie

and states it is of interest that people can remember

the sentences better than the unstructured string even
although the sentences are longer. Order and various
forms of markers (e.g. the, a, with) have been added

and convert a disconnected string of words into a sentence.
A collection of words is made into a sentence by grammar,
and there seems to be a psychological equivalent to a
system of grammatical rules whereby a learner can

extend a limited amount of experience with a limited
number of sentences to the capacity to produce and
understand an unlimited number of sentences. Menyuk

(112) examining this processing from another angle
considers the role of memory in language acquisition should
be emphasised. Menyuk feels the learner acquires some
rules to understand'énd reproduce sentences, and
subsequently from experience the set of rules of his
grammar is expanded when computing space increases

(number of rules increases) and when computing space

is reorganised (e.g. into types of properties of

lexical items). Another interesting insight into how
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people process material has been gained by using tape
recorders. A click was placed in recorded sentences
and people were later asked to place the click correctly
in a script (113)(114)(115). The main conclusion of

the work is that people seem to process what they hear
in chunks or segments.

To try to link together these ideas on processing,
it may seem fa cile to say that White's terms of processing,
thinking and remembering could be Considéred to be
cognitive processes that are closely interwoven with
linguistic abilitf.

In Figure 1.3 as a result of processing,
information is transferred from working memory to long
term memory. Here White felt it would be useful to
consider information as being stored in three possible
forms: verbal knowledge, intellectual skills, and
images. This model again provides opportunities for
the absorption of other people's ideas.

The vast majority of information that people
carry in their heads is largely verbal knowledge.
Ausubel's (109) statements about meaningful verbal
learning touched upon earlier are obviously applicable.
White and Gagné (116) provide a similar description of
linking, implying that linked verbal knowledge will be
retained better than unlinked, and will be more readily

employed in making inferences, i.e. in transfer.
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Intellectual skills are stored memories of
how to perform a class of tasks in contrast to single
facts. Gagne (117) listed several subdivisions of
skills the most important of which in secondary schools
are concepts, rules and cognitive strategies. This
form of storage would also seem to be related to
linguistic ability.

Images are pictorial or diagrammatic repre-
sentations of information in long term memory. There
has been a lot of research into imagery mostly generated
by Paivio (118) but it has barely touched on the effect
of pictures on retention of verbal information and
intellectual skills.

Episodes is White's description of a subset of
verbal knowledge and images. They are recollections
of personal involvement in an event. Remarkably little
research work has been done in this area, which might
include the value of field trips or science
laboratories.

The last stage in White's useful model is
performance and this dissertation will be mainly
concerned with pupils®' performance in multiple choice
questions. The discussion sg far seems Clear on one
ma jor point that whether language is the cause or the
result of cognitive power, the internalisation aspect

of language (i.e. thinking) is of fundamental importance.
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This manifests itself in 1 Halliday (28) a child makes
a languages; McNeil (39) the language acquisition
device: Bloom (57) language development dependent

on experience and cognitive development: Vygotsky (82)
the importance of inner speech; Luria (81) multidimen-
sional matrix of connectors; Ausubel (109) advance
organisers;y; Novak (110) cognitive bridges; White and
Gagne (116) liﬁkingx where these different people have
‘indicated different aspects of this same point that the
internalisation aspect of language (i.e. thinking) is

of fundamental importance.
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CHAPTER 2

The Three Experiments

2.1 Introductioni

In this chapter it is my intention to give some
background to the three experiments which make up this
investigation and to indicate how they relate to each
other. Later chapters will deal with each of them in
turn.

At the beginning of chapter one, it is statead
that in this dissertation, it is hoped to consider the
performance of secondary school pupils in multiple

choice questions at two levels.

(a) How the language of the question may influence
performance
(b) How the superficial language of the question

may be related to the necessary internal thinking

process.

2.2 Why Multiple Choice Questions?

The simple answer is because I feel these are
the most suitable instruments for what I am attempting
to investigate but this statement requires some
ampiification.

A possible diagrammatic representation of the
procedure for answering multiple choice questions is

shown in Figure 2.1.
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Fig. 2.1- Reading, Processing and Performing
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The questions Thinking about Selecting a
and the possible <]i[> the information. miD response
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information

Through a consideration of the performance it
may be possible to become more aware of the two inter-
related stzges of reading and processing.

To think of reading as primarily a visual process
would be erroneous (119). Reading involves the inter-
action of information that the reader receives through
his visual system and the inform>tion that the reader
already has available in his brain. For example, we
read faster when the material is femiliar, or an example
from Smith (120) ~ przyjezdzac - a Polish speaker would
recognise at a glance but a non-Polish speaker would
hsve difficulty with and would ke unlikelv to recall
after @ short time.

In Chapter 1 the cognitive processes and the
role of the components of memorv (103)(108) are con-
sidered and in reading, the limitations of short term
memory in effect restricts the number of items that
can be attended to at any one time. Miller (121)

observed invariances in memory-span experiments,
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indicating a short-term memory capacity of about
"seven, plus or minus two" familiar units or chunks of
any kind. The existence of chunks, i.e. coherent
memory or perceptual units in language processing and
recall has been established (114)(122). However, the
size of each of the chunks that can be stored in short
term memory is determined not so much by external
considerations as by what the brain can do with the
information (123), which brings us back to the pro-
cessing, which consists of interaction between the
widely supported idea (121)(124)(125) of short term
memory and long term memory.

With multiple choice questions, where results
are fairly easy to handle statistically, I felt it
would be possible to design questions which would
investigate not only the effect of language on
performance but also give some indication of the internal
processes which may be involved in solving these

questions.

2.3 Possible Areas for Investigation

Within the wider area of language development
and cognitive processes, which has already been
described, rather more specific research results have
had some influence on the direction of this investigation.

(a) NegatiQé and Affirmative Statements

Wason (126)(127)(128). Subjects were presented



(p)

(c)

with simple affirmative and negative sentences
and were asked to decide whether each sentence
was true or false. He found that they took
longer and made more errors on the neéative
statements than the affirmative statements.
Eifermann (129) had similar findings with
Hebrew. The difficulty seems more a conceptual
than a syntactic one. |

Negative and Passive

On the basis of lengthy data analysis, Savin
and Perchonock (130) conclude that these
grammatical features of English sentences are
encoded in immediate memory apart from one
another and apart from the rest of the sentence.
The evidence for this claim is that sentences
having these features require a larger part of
the capacity of immediate memory than do other-
wise identical sentences lacking these same
features.,

Negative Comparative

Several investigations (e.g. Donaldson and
wales (131)) have found that children have more
difficulty understanding negative comparative
adjectives (e.g. shorter, less) than their
opposites (e.g. taller, more) and in some

cases interpret statements containing less
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(d)

(e)

as if they contained more (132)(133). Clark
(134) has proposed that children often interpret
both members of a comparative adjective pair in
an absolute sense. The child may interpret both
*Which has less?' and 'Which has more?' as
meaning *'Which has some?' and give the object
with the most as the best example of some.

Cues

Several investigations of the variables which
influence the accuracy and speed with which
words may be retrieved from long term memory
have suggested cueing techniques. For example
Tulving's (135) findings suggest cues which

name the semantic class of a target word or

word cues which are highly associated with the
target word may be most effective in facilitating
recall.

Logical Connectives

Investigations by P. Gardner (136)(137)(138)
in science to check the understanding of words
like °*because', 'and', ‘'subsequently' have the
following conclusions. Logical connectives
are one of the principal ways in which linkage
between propositions is achieved in English.
By the fourth year of secondary school, most

students can understand most connectives but
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(£)

there are still many connectives, particularly
the less frequent ones, which prove difficult.

Words and Meaning

Factor-analytic studies (139)(140)(141) indicate
that in determining readability the factor
accounting for the greatest percentage of
variance is a semantic one, i.e. word difficulty.
P.L. Gardner's investigation (142) attempted to
measure science pupils understanding of words
using multiple choice questions. The words
investigated are non-technical words that are
considered to be essential or valuable to the
understanding of science, but by using only
one multiple choice question to test each word
he apparently overlooked the influence of factors
like context and connotation on the meaning of
the word. This complexity is well illustrated
by an example from Lashley (143). The word
pronounced °‘rite® has four spellings, many
meanings and can serve as a noun, adjective,
adverb and verb:= The mill-wright on my right
thinks it right that some conventional rite
should symbolise the right of everyman to
write as he pleases.

Words themselves are obviously important

as labels and as Spiker (144) indicates a
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lakel attached to a new situation may modify the
meaning of that situation and accordingly
influence learning. For example, when aircraft-
pilot trainees were given a verbal plan for
take-off, ascent, cruising, descent and landing,
the training time they required to solo was
halved when compared to procedures that depend
on practice only (145).

Luria's idea (81) of a multi-dimensional
matrix of connectives between words stored in
the long term memory is amplified by these two
examples. Seibel (146) states that word
associations influence the words that are
retrieved or recalled. When a list of several
words is presented singly and in random order,
subjects group them as pairs during recall, the
words being associated by conceptual categories
even though they wefe not presented in that order.
Deese (147) states that the two fundamental
operations we have for sorting out meaningful
words are contrast and grouping, and feels
that within our own vocabulary we establish the
position of every word by contrasting with other
words and/or by grouping it with other words.v

Although words themselves are fascinating

the linking of words to produce meaningful



sentences is equally interesting. These three
different statements based on interpretation of
research evidence are thought provoking. Very
easily read sentences are not more than ten to
fifteen words long (148). Nearly all reading
material that wins a large audience has an
average sentence length of 1eés than twenty
words (149). A sentence may be as long as the
writer pleases provided that he confines it to
a single connected range of ideas (150).

(g) Sentences and Meaning

As hinted at in the last reference, brevity by
itself does not necessarily mean easier to
understand. For example consider these two
sentences

John was hurt.

John was hurt by someone.
The first one is shorter and grammatically
simpler but the second one is easier to under-
stand (114). The relative ease of understanding
seems to be related to its being more meaningful,
conveying a more precise meaning and being
psychologically less complex.

Memory span for sentences is not determined
so much by the number of words as by grammatical

structures that may themselves load theumemory



system. Negative and passive have already been
discussed. Embedded information in sentences
has been investigated by for example Miller and
Isard (151). Subjects were asked to memorise
sentences, all twenty two words in length, but
with varying degrees of self embedding, e.g.

She liked the man that visited the jeweller

that made the ring that won the prize that

was given at the fair.

The prize that the ring that the jeweller
that the man that she liked visited made
won was given at the fair.
The greater the degree of self embedding the
harder it was to recall the sentence. The
embedding seemed to be placing a burden on the
short term memory.

The important factor in the sentence is its
meaning. Sach's work (152) again based on recall
of information concludes that when the meaning
is unravelled the syntax is forgotten. From
her work it is clear that the formal structure
of sentences is stored for only a brief period
of time and a small change in wording, which is
related to meaning, is easily detected. The

findings are consistent with a theory of
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comprehension which contends that the meaning
of the sentence is derived from the original
string of words by an active interpretation
process. The original sentence which is per-
ceived is rapidly forgotten and the memory
then is for the information contained in the
sentence.

These are some of the more specific
research findings that had an influence on the
direction of the investigation.

2.4 The Three Experiments - the Overall Plan

Multiple choice questions were used throughout
the investigation because it was hoped that the careful
design of these highly structured questions would enable
interpretation that would give information oﬁ the
influence of the superficial language and also perhaps
give inferred information on the internal processing
of this language. The multiple choice questions were

used in two ways

(a) in matched pairs of multiple choice gquestions (MP) -

where two questions have been designed to test
the same chemical concept but the language used
to frame the question has been altered in a
deliberate way, e.g. a question may contain a
negative expression and its match would not

contain the negative expression.
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(b) as individual multiplé choice guestions (IN) -

where questions have been designed to investigate
a particular factor, e.g. pupil understanding of
a word in different contexts would be tested by
using a number of individual multiple choice
questions each reflecting the word in a

different context.

The Scottish Experiment was carried out in
twenty-four Scottish secondary schools; the Joint
Matriculation Board Experiment was done with the
administrative support of the JMB research unit; and
the Chemical Society Experiment was done with the
administrative support of the Education Division of the

Chemical Society. Table 2.1 gives some general information

on the three experiments.
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TABLE 2,1

General Information on the Experiments

Experiment Year No. of Pupils Age range

Scottish 1977 1,297 15-16
1978 1,272 "
1979 1,282 '

JMB 1977 2,024 "
1979 1,504 "

Chemical Society 1978 15,000 11-18
1979 10,000 "

TABLE 2.2

Areas of Investigation

Area Type of Scottish JMB

item
Replacement of key words in the stem P.M. X X
of the question
Changing possible pompous non-technical P.M. X X
terms
The understanding of technical terms IN. X -
Comparison of terms of quantity or order P.M. X X
Replacing negative expressions P.M, X X
Reducigg the number of words P.M. X X
Changing the arrangement of clauses P.M. X X
Changing parts of speech of words P.M. X -
Replacing passive expressions P.M. X X
The understanding of non-technical IN. X
terms :
The understanding of logical cdnnectives IN. X -
Words in text-books:pupil preference IN. X_ -
and author choice .
Pupil choice of definition : possible IN. X -

cues
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The Scottish Experiment is a fairly tightly
designed experiment using both matched pairs (MP) and
individual (IN) multiple choice questions. It covers
a wider range of areas than the JMB experiment. The
JMB experiment is a parallel investigation in some
respects using almost entirely (MP) multiple choice
questions with the added dimension of comparing pupil
performance with their measured general verbal abili ty,
their social class and their sex. The areas of
investigation are indicated in Table 2.2.

The Chemical Society Experiment is an expansion
of one of these areas, namely the understanding of non-
technical words in science, with reference to connotation
and particularly context. In terms of the design of
individual multiple choice items it is the least well
defined of the experiments but it did generate a
considerable amount of interest in the large number of
establishments involved in the experiment. The
following unsolicited comments are not untypical in

letters from participating people.

(a) The work seems to have stimulated interest and
similar work in other departments of the school.
(b) Some words we, as teachers, take for granted:
the difficulties pupils have are shown here.
In the following sections of this thesis
Chapter 3 is concerned with the Scottish Experiment;
Chapter 4‘the JMB Experiment and Chapter 5 the Chemical
Society Experiment.

67



CHAPTER 3

The Scottish Experiment

Introduction

In this chapter it is my intention to look at

the following hypotheses.

(a)

(b)

(c)

(d)

(e)

(£)

(g)

(h)

Replacing words in key positions in multiple
choice chemistry questions may influence
performance.

Changing possible pompous non-technical terms

in multiple choice chemistry questions may
influence performance.

Technical terms which have been introduced in
first or second year of the secondary school

may not be recalled by the O grade candidates.
Expressions of quantity or order (e.g. more,
less, increasing, decresing) in multiple choice
chemistry questions may influence performance.
Replacing a negative expression by an affirmative
expression in multiple choice chemistry questions
may influence performance.

Reducing the number of words in multiple choice
chemistry questions may influence performance.
Changing the arrangement of clauses in multiple
choice chemistry questions may influence
performance.

Changing parts of speech of words in multiple

€8



choice chemistry questions may influence
performance.

(1) Replacing passive expressions by active
expressions in multiple choice chemistry questions
may influence performance.

(j) O grade chemistry candidates may have a poor
understanding of useful non-technical words,

(k) O grade chemistry candidates may have a poor
understanding or logical connectives, e.g.
consequently.

(1) In text books there may be a disparity between
what the author feels is appropriate terminology
and what the O grade pupil audience feels is
appropriate.

(m) When pupils recall definitions of chemical terms,

verbal cues in the definitions may play a helpful

role.

These hypotheses represent to some extent an
expansion of Table 2.2 and their formulation has been
influenced by some of the research work described in
part 2.3 of Chapter 2. For example the reported
difficulty of small children with negative comparative
adjectives (i.e. less) led to thinking about the terms
of quantity and order in chemistry (e.g. most concen-
trated, most dilute) some of which may be creating

difficulties for 0 grade chemistry candidates.



In addition the formulation of these hypotheses
has been influenced by a desire to confirm, consolidate
and expand on some of the tentative conclusions from my
M.Sc. thesis (153). These conclusions weré as follows
(i) words in key positions in multiple choice
chemistry questions influenced performance
(ii) the effect of a large number of unnecessary
words in a multiple choice chemistry question
could be to impede candidates

(iii) the presence of negatives depressed performance
in multiple choice chemistry questions

(iv) the way in which clauses or sentences were put

together in multiple choice questions

influenced performance

These conclusions are restricted to the examining
situation and the hypotheses for this chapter attempts
to explore some wider aspects of teaching chemistry,
e.g. the language of the text book.

Also in the M.Sc. thesis no attempt was made to
relate the improvements in performance brought about by
the language change to the possible influence of this
change on the internal thinking process. 1In this
thesis in Chapter 1 the backcloth to the investigation
is described in terms mainly of language development
and cognitive development and although it is not

possible to say whether language is the cause or the
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result of the cognitive power many of the sources quoted
in that chapter report on the importance of the inter-
nalisation aspect of language. It is hoped that the
hypotheses of this chapter will not only lead to
conclusions about how the superficial language of the
question influences performance but also lead to a clear
understanding of how the superficial language may be
related to the necessary internal thinking process.

3.2 Research Design

The experiment was conducted over three years
1977, 1978 and 1979 and in each year two matched tests
were prepared. The tests were made up of multiple
choice questions. The multiple choice chemistry questions
were prepared in two forms. One form was similar to
Scottish Certificate of Education Examination Board
(SCEEB) questions and the other form was in simplified
language. Possible questions were scrutinised by a
panel of chemistry teachers to try to ensure that the
chemical content of the questions was the same and
from these questions, two tests were prepared one in
the original language and thé other in simplified
language.

In 1977 the alternative forms of the two tests
contained 28 questions made up as follows.
1 Seven items on vocabulary from an Australian

word survey (142)
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2 Three items on Chemistry common to both tests
to act as control questions.

3 Eighteen items on Chemistry each having two
versions designed to investigate the effect of
the following :

(a) possible difficult words such as 'pungent’,
*stable*' in key positions

(b) the removal of negative expressions

(c) the presence of large numbers of words

(d) the arrangements of bits of information
in the stem

In 1978 the alternative forms of the two tests

contained 28 questions made up as follows.
1 Three items on Chemistry common to both tests

- to act as control questions

2 Nine items on the language of text books
3 Five items on definitions
4 Five items on technical vocabulary from first

and second year science courses, e.g. solution
5 Six items on chemistry each having two versions
designed to inwvestigate the influence of changes

in parts of speech, e.g. products and produced.

In 1979 the alternative forms of the two tests

contained 36 questions made up as follows.

1 Three items in Chemistry common to both tests

to act as control questions
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2 Three items on the language of text books
3 Two items on logical connectives, e.g.
*consequently', ‘'therefore® (138)
4 Three items on definitions
5 Four items on technical vocabulary from first
and second year science courses e.g. element
6 Twenty one items on Chemistry each having two
versions designed to investigate the effect of
the following :
(a) the presence of possibly pompous expressions,
e.g. distinguish visually
(b) the use of the passive voice
(c) terms of quantity or order, e.g. most
abundant, increasing
(d) the presence of negatives in both stem and
responses
(e) the arrangement of bits of information in the
stem, e.g. embedded clauses.

3.3 Administration

Twenty four schools chosen to give a representative
cross-section of schools varying in type, catchment area,

and region, offered to help (Table 3.1).
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TABLE 3.1

Schools
Campbeltown Grammar : All Saints, Glasgow
Denny High : Craigbank Secondary, Glasgow
Dollar Academy : Eastwood High, Newton Mearns
Dunblane High : Grange Secondary, Glasgow
Eastbank Secondary, Glasgow : Greenock High School
Glenwood Secondary, Glasgow : Kilmarnock Academy
Govan High, Glasgow : Lochend Secondary, Glasgow
Kelso High : Nicolson Institute, Stornoway
Kingsridge Secondary, Glasgow : Portobello High, Edinburgh
Knox Academy, Haddington : - St. Mungo's Academy, Glasgow
Madras College, St. Andrews : Rothesay Academy
Williamwood High, Clarkston : Victoria Drive Secondary, Glasgow
TABLE 3.2

Number of Pupils

1977 - 1,297 pupils
1978 - 1,272 pupils
1979 - 1,282 pupils
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A comparison between this sample and all Scottish
secondary schools presenting O grade chemistry candidates
shows a reasonable similarity. Consider the ratio of
total number of schools; to city schools; to Roman
Catholic schools; to non-Certificate of Sixth Year
Studies schools; to private schools (independent and

grant aided)

total : city t RC ¢ non SYS : private
Scotland 10 ' 3 2 2 1
my sample 10 4 2 2 0.5

Of the seventeen regions and divisions in Scotland
the sample involved schools in nine of them namely, Fife,
Lothian, Borders, Central, Western Isles, Argyll and
Bute, Ayr, Glasgow and Renfrew.

The number of O grade candidates involved in the
exercise in March each year are shown in Table 3.2.

To try to achieve some uniformity in the method
of administering the tests in the various schools an
Information Sheet (2ppendix A) was prepared and

issued to the school.

To assist with organisation the tests were
printed on yellow and pink paper to match the appropriate
computer answer card. The tests used each year are
shown in three Appendices 1977 (Appendix B), 1978

(Appendix C), and 1979 (Appendix D).



In essence within each school the pupils were
numbered and those with an even number got a pink test
and a pink answer grid while those with an odd number
got a yellow test and a yellow answer grid. 1In this
way it was hoped to achieve similar test groups. The
answer grids were processed in appropriate batches by
the computing department of the University of Glasgow.

3.4 Results

The results of the three exercises have been

organised as follows

Table 3.3 Control Questions

Table 3.4 Key Words (1977)

Table 3.5 Difficult/Pompous Non-technical Words
(1979)

Table 3.6 Technical Terms (1978)

Table 3.7 Technical Terms (1979)

Table 3.8 Terms of Quantity or Order (1979)

Table 3.9 Negatives

Table 3.10 Large Number of Words (1977)

Table 3.11 Arrangement of Clauses

Table 3.12 Minor changes in parts of speech
(1978)

Table 3.13 Passive voice (1979)

Table 3.14 Vocabulary Questions (1977)

Table 3.15 Logical Connectives (1979)

Table 3.16 Words in Text Books (1978)

Table 3.17 Words in Text Books (1979)

Table 3.18 (See over)
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Table 3.18 Pupil's choice of definition (1978)
Table 3.19 Definitions (1979)

Matched questions in which the simplification
has brought about a change which is significant at
least at the five percent level, have been marked with

an asterisk.
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TABLE 3.3

Control Questions

A sample of element X contains the following types of atom:

13
7X

15
7

X

16

X

7

The electronic configuration of the element is

o Q w >

2,4
2,5
2,6
2,7

An isotope of aluminium
number of 27,

An atom of this isotope

14 protons
13 protons

14 protons

g QO w »

13 protons

has an atomic number of 13 and a mass

will contain

and 13 neutromns.

and 14 neutrons.

and 13 electrons.

and 14 electrons.

Some atoms of an element are heavier than other atoms of the same

element,

This is because they have different numbers of

A neutrons,
B nuclei,
C protons.
D electrons,

% correct

1977 1978 1979
Question No Pink Yellow Pink Yellow Pink Yellow
No. in sample 671 626 626 646 641 641
66 67 69 70 69 68
2 70 71 72 71 67 67
60 60 - 59 61 58 56
* 6 6

* Difference required for significance at least at the 5% level.
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TABLE 3.4

Key Words (1977)

% %

Original esti
g Qu on correct Simplified Question correct
Which one of the Which one of the
following is a following is a *
pungent gas? 56 choking gas? 63
A, Carbon dioxide A. Carbon dioxide
B. Nitrogen B. Nitrogen
C. Sulphur dioxide C. Sulphur dioxide
D. Methane D. Methane
Which is the least Which one of the
stable sulphide following sulphides
among the following? 40 is easiest to break *
A. Lead sulphide down to its elements? 49
B. Sodium sulphide A. Lead sulphide
C. Calcium sulphide B. Sodium sulphide
D. Zinc sulphide C. Calcium sulphide
D. Zinc sulphide
Which one of the
following requires Which one of the
a non-aqueous solvent following requires a
to dissolve it? 34 l1iquid other than "
1
A. Salt water to dissolve it? 49
B. Sugar A. Salt
C. Sodium nitrate B. Sugar
D, Sulphur C. Sodium nitrate
D. Sulphur
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TABLE 3.5

Difficult/Pompous Non-Technical Words (1979)

Original Question \ %

correct

Simplified Question %
correct

To distinguish visually between ethene and
propanol, one would have to know that

A. The molecules of propanol are larger than
those of ethene,
B. Ethene molecules contain a double bond
whereas propanol molecules do not. 67
C, Ethene is a gas and propanol is a liquid.
D. Propanol is an alcohol and ethere is not.

In which one of the following compounds is
there a tendency for covalency to predominate?

A, Calcium fluoride.
B. Sulphur chloride.
C. Sodium bromide.

D. Potassium iodide.

51

Which of the following procedures would be
expected to produce an exactly 0.1 Molar
solution of sodium chloride (formula weight
= 58.5)?

A. Dissolving 5.85g of sodium chloride in
100 m1 of water.
B. Dissolving 5.85g of sodium chloride in
water and making up with water to
1 litre of solution.
C. Adding 100 ml of a molar solution of
sodium chloride to 1 litre of water.
D. Adding 5.85g of sodium chloride to
1 litre of water and shaking until dissolved.

36

To tell ethene and propanol apart, just by
looking at them, you would have to know that

A. The molecules of propanol are larger than
those of ethene.

B. Ethene molecules contain a double bond 74 *
whereas propanol molecules do not.

C. Ethene is a gas and propanol is a liquid.

D. Propanol is an alcohol and ethene is not.

Which one of these compounds is covalent?

A; Calcium fluoride,
B. Sulphur chloride.

C. Sodium bromide, 55
D. Potassium iodide.
To make an exactly 0.1 Molar solution of sodium
chloride (formula weight = 58.5) what would you
do?
A, Dissolve 5.85g of sodium chloride in 100 ml
of water.
B, Dissolve 5.85g of sodium chloride in water
and make up with water to 1 litre of 40

solution.

C. Add 100 ml of a molar solution of sodium
chloride to 1 litre of water.

D. Add 5.85g of sodium chloride to 1 litre of
water and shake until dissolved.
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TABLE 3.6

Technical Terms (1978)

%

Question
correct

Evaporation
What do we call the change when water turns into gas? 85

A. Freezing,

B. Condensing.
C. Evaporation,
D. Melting.

Filtration
When making water fit to drink, mud is removed from
pond water by: 79

A, Chlorination.
B. Distillation.
C. Filtration.

D. Precipitation.

Distillation
Crude oil is refined by: 69

A, Filtration.

B. Sublimation,
C. Distillation,
D. Condensation,

Colloid
Particles in a colloid: , 64

A. Can be seen without a microscope.

B. Will not go through filter paper.

C. Settle to the bottom of their container in time.
D. Can reflect light and make a beam,

Emulsion
Which of these is an emulsion? 39

A. Bleach,

B. Ink.

C. Sugar dissolved in water.
D, Milk

Saturated solution
A saturated solution of a substance is one 80

A, in which 1g of the substance is dissolved.
B. which is made by dissolving the substance in

boiling water.
C. in which no more of the substance will dissolve

at a given temperature.
D. in which the substance is dissolved without

stirring at a given temperature.

Solution
When a gas dissolves in a liquid, the mixture of

the gas and the liquid is called a 45

A, Bubble,

B. Solute.

C. Solution.

D, Solvent. 81



Table 3.6 contd,

Solute
When a solid dissolves in a liquid,

A, Solvent.
B. Solution.
C. Residue.
D. Solute.

Solvent
When a solid dissolves in a liquid,

A. Solute.
B. Soluble.
C. Solution,
D. Solvent.

Non aqueous solvents
Which one of the following is a non

A, VWater.
B. Starch.
C. Petrol.

D. None of these,

the so0lid part is called:

the liquid part is called:

aqueous solvent?

41

50

41



TABLE 3.7
Technical Terms (1979)

In each of these questions choose the substance
that is an element

Question

1.
2.
3.

Answers
A B c
Chlorine Salt Sugar
Alcohol Milk Solder
Acid Iron Litmus

In each of these questions choose the substance

that is a compound

Question

Answers
A B C
Rust Air Lead
Iron Milk Sulphur
Copper Ice Silver

Water
Tin
Rust

D
Tin
Salt
Sulphur

Which method would be best for separating a mixture
of an insoluble solid and a liquid?

A. Crystallisation
B.  Distillation
C. Evaporation

D. Filtration

Which of the substances in the diagram below could
be called the filtrate?

o>

. :

A
©

83

%

correct

92
88

56
88

79
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TABLE 3.8

Terms of quantity or Order (1979)

Original Question

%

correct

Simplified Question

%

correct

A brass contains 75 per
cent copper, 22 per
cent zinc, 2 per cent
aluminium and 1 per

cent lead.

What is the most
abundant element
in this brass?

A. Aluminium,

B. Copper.
C. Lead.
D. Zinc.

Which one of the

following solutions

of a salt 1in water

is the most
concentrated?

A, 11g of salt

dissolved in 10cm

of water.

B. 9g of salt dissolved
in 10cn3 of water.

C. 7g of salt dissolved
in 5cm3 of water,

D. 5g of salt dissolved
in 5cm3 of water.

Which beaker of water
and spatula of salt
would make the most
concentrated solution

when mixed?

-

{00mL

201

84

85

71

*

84

A brasgss contains 75 per
cent copper, 22 per cent
zinc, 2 per cent aluminium
and 1 per cent lead.

What is the least abundant
element in this brass?

A. Zinc.

. Lead.

. Copper.

. Aluminium

oaQw

Which one of the following
solutions of a salt in
water is the least
concentrated?

A. 11g of salt dissolved
in 15cm3 of water.

B. 8g of salt dissolved in
10cm® of water.

C. 7g of salt dissolved in
15cm3 of water.

D. 5g of salt dissolved in
10cm3 of water

Which beaker of water and
spatula of salt would make
the most dilute solution
when mixed?

“-_~‘h'o7
] [

100, L

go. L

75

59
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Table 3.8 contd.

In which of the
following are the
metals arranged
in decreasing
order of activity?

In which of the following
are the metals arranged
in increasing order of
activity?

A. Iron, calciun, A, Sodium, calcium, iron,

sodium, B, Calcium, iron, sodium.
B, Calcium, iron, * C. Iron, sodium, calcium.

sodium, 82 D, Iron, calcium, sodium.
C. Iron, sodium,

calcium,
D. Sodium, calcium,

iron,

METAL P
WET FILTER PAPER - ~~"~-~<=~-====-=
METAL Q

Which pair of metals Which pair of metals would
would give the give the lowest reading on
highest reading on the voltmeter?
the voltmeter?

METAL P METAL Q METAL P METAL Q
A. Zinc Copper A. Zinc Copper
B. Iron Tin 55* B. Magnesium Silver
C. Magnesium Silver C. Iron Tin
D. Lead Platinum D. Lead Platinum

85

63

47



TABLE 3.9

Negatives
1977 Exercise
Original Question 5 Simplified Question %
correct correct

Which of these
statements is
incorrect?

The elements of
column 4 of the
Periodic Table,

A. all form the same
number of bonds.
B. all form dioxides. 52
C. are all metals,
D. do not dissolve
readily in water,

1979 Exercise

Which one of the
following particles
does not have the
same number of
electrons as a
calcium ion?

A, A potassium ion.
B, A potassium atom.
24
C. An argon atom,
D, A chlorine ion.

Which statement is
not true?

A. The proton does

* not have the
same mass as an
electron,

B. The hydrogen
molecule contains
two atoms, 60

C. Isotopes of
chlorine do not
have different
numbers of protons
in their atoms.

D. The element with
Atomic Number 13
is a non metal,

In which of the
following elements do
most of the atoms
contain unequal numbers
of protons and neutrons?

A. Carbon,.

B. Fluorine. 62
C. Nitrogen,

D. Oxygen,

Which of these statements
is correct?

The elements of column 4
of the Periodic Table,

A. are all metals,
B. do not form dioxides. *
C. all form the same 59
number of bonds.
D, dissolve readily in
water.

Which one of the
following particles has
the same number of
electrons as a calcium
ion?

A. A potassium atom,.

B. A potassium ion, 80*
C. A magnesium ion,

D. A chlorine atom,

Which statement is true?

A. The proton has the same
mass as an electron,

B. The hydrogen molecule
contains three atoms.

C. Isotopes of chlorine

_have different *

numbers of protons in 80
their atoms,

D. The element with Atomic
Number 13 is a metal,

In which of the following

elements do most of the
atoms contain equal numbers
of protons and neutrons?

A. Fluorine.
B. Oxygen. 58
C. Chlorine.
D. Hydrogen.



TABLE 3.10

Large number of Words (1977)

A. Top left

B. Top right.

C. Bottom right.
D. Bottom left.

Original Question corzect Simplified Question cor?ect
When a metal Z was Three metals Z, T and Y
added to the sulphate were added to separate
of a metal X, the solutions containing
metal X was metal X ions.
precipitated and there Z precipitates X; T had
was no effervescence. no effect; and with Y a
When the test was gas was given off from
repeated using the the solution, Which one
metal T in place of Z shows the metals in the
no reaction occurred. correct order of activity *
When a metal Y was (the most reactive first)? 67
added to a solution of
the sulphate of X, a
brisk effervescence
occurred. Which one
of the following is
the correct order of
decreasing activity
(1.e. the most reactive
first) of the four
metals? 47
A. YZXT A. YZXT
B. YXTZ B. YXTZ
C.ZXTY C.ZXTY
D. TXY Z D. TXY Z
Around the symbol for If X is the symbol for
an element there are an element, which
four positions where position is used for the -
further information may atomic number? : 54
be given., Which of
-these positions is used A B
to indicate the atomic X
number? 47
' D C



TABLE . 3.11

Arrangement of Clauses

1977 Exercise

Original Question corfect Simplified Question cor?ect
Calcium is a metal What would be the pH of
which burns in the solution formed when
oxygen to form an calcium oxide dissolves
oxide which, when in water?
added to water,
gives a solution
whose pH value is
A, between 2 and 5. A. between 2 and 5.

B. between 5 and 7 46 B, between 5 and 7. 51

C. 7. C. 7. '

D. above 7, D. above 7.

1979 Exercise

Atoms of element X, Atoms of X have two

which have two electrons in the outer

electrons in the shell,

outer shell, combine Atoms of Y have seven

with atoms of electrons in the outer

element Y, which shell.

have seven electrons Atoms of X and Y combine.

in the outer shell. Which one of the following

Which one of the statements is true?

following statements

is true?

A. The compound A, The compound formed
formed has the has the formula XY_.
formula XY,_. + 2

+ 2 B. X 1ions are formed.

B. X" lons are formed. 38 C. Xz- ions are formed. 48*

C. Y2 ions are formed

: * D. The compound formed
D. The compound is covalent.

formed is covalent.

From an analysis of 24g An analysis of 24g of

of antimony oxide, antimony oxide showed

which showed that 20g that 20g were antimony

were antimony and 4g and 4g were oxygen,

were oxygen, which of Knowing that the atomic

the following formulae weight of antimony was

would correctly 120 and that of oxygen
represent antimony was 18, which of the
oxide, knowing that the following formulae would
atomic weight of correctly represent
antimony was 120 and antimony oxide?

that of oxygen was 16?

A. ShO. A. SbO.

B. SbO2 B. SbO2

c. SbOé 51 C. SbO3 52

D. Sb203 D. Sb203

&8



Table 3.11 contd,

Which of the following
could be a salt which,
when a solution is
electrolysed, gives a
brown deposit at the
negative electrode

and evolves a
yellowish green gas at
the positive electrode?

A. Potassium bromide.
B. Lead chloride.

C. Copper chloride.
D, Calcium iodide.

56

89

A solution of a salt is
electrolysed, At the
negative electrode a
brown deposit forms and
at the positive
electrode a yellowish
green gas 1is evolved.
Which of the following
could have been the salt?

. Potassium bromide.
. Lead chloride.
Copper chloride.

. Calcium iodide,

56

oQw>



TABLE 3.12

Minor changes in parts of speech (1978)

Original Question cor?ect Simplified Question cor?ect

In which one of the Which one of the
following compounds following compounds is
does covalency predominantly covalent?
predominate?
A. Potassium bromide. A, Potassium bromide,
B. Carbon tetrachloride. 69 B. Carbon tetrachloride. 71
C. Silver iodide. C. Silver iodide.
D. Aluminium chloride. D, Aluminium chloride.
Which one of the Which one of the following
following solutions solutions would conduct
would have an electricity appreciably?
appreciable electrical
conductivity?
A. A glucose solution, A. A glucose solution,
B. A salt solution. 81 B. A salt solution. 79
C. A sugar solution. C. A sugar solution.
D. A starch solution, D. A starch solution,
When calcium is added When calcium is added
to water which of the to water which of the
following are the following are produced?
products?
A. An acid and oxygen. A. An acid and oxygen.
B. An acid and hydrogen. B. An acid and hydrogen.
C. An alkali and oxygen. 59 C. An alkali and oxygen. 59
D. An alkali and D. An alkali and hydrogen.

hydrogen,
An unknown metal X. An unknown metal X was
was found to be more found to be more reactive
reactive than sodium, than sodium. Predict
Which one of the which one of the following
following predictions is most likely to be
is most likely to be correct,
correct?
A, It will oxidise A, It will oxidise

readily in air. readily in air,
B. It should be stored B. It should be stored

under water. 57 under water. 57

C. Its compounds will
be unstable,.

D, It will be obtained
from its oxide by
reduction with
carbon,

C. Its compounds will be
unstable,

D. It will be obtained
from its oxide by
reduction with carbon,



TABLE 3.13

" 'Passive Voice (1979)

% ‘ %
Original ti
riginal Question correct Simplified Question correct
A compound with the Which of the following
general formula XY3 pairs of elements are
would be likely to likely ;° f°r“‘ a
be formed from which ;ompo¥n X¥ ;h the general
of the following pairs ormula 3
of elements?
A. Phosphorus and A. Phosphorus and hydrogen;
Hydrogen, B. Hydrogen and sulphur,
B. Hydrogen and sulphur, 57 C. Sulphur and chlorine. 58
C. Sulphur and chlorine. D. Chlorine and carbon,
D. Chlorine and carbon.
Equal numbers of Which one of the following
protons would be pairs of particles would
contained in which contain equal numbers of
one of the following protons?
pairs of particles?
A. Na and Na+ A. Na and Na+
+ +
B. Na- and Ne 69 B. Na_ and Ne 67
C. CI and Ar C. C1 and Ar
D. Kf and Ca2+ D. Kf and Ca2+
Iron (11) oxide 1is Carbon reduces iron(11l)
reduced when it is at high temperature but
heated with carbon, does not reduce magnesium
but magnesium oxide oxide. ‘
is unaffected by Which of the following
this treatment. statements is a correct
Which of the following deduction from these
statements is a facts.
correct deduction from
these facts?
A. Magnesium jons A. Magnesium ions accept
accept electrons electrons less easily
less easily than than do iron(11) ions.
do iron(11) ions, B, Iron is a more active
B.Iron is a more active 50 metal than magnesium, 50

metal than magnesium.
C. Oxides of metals are
stable compounds.
D. Iron(1l) oxide forms
iron(11) carbonate
with hot carbon,

C. Oxides of metals are
stable compounds.

D, Iron(ll) oxide forms
iron(11l) carbonate
with hot carbon.



TABLE 3,14

Vocabulary Questions (1977)

Some students are studying the fundamental laws of physics.
What does fundamental mean?

A. Modern and newly discovered.

B. Difficult and hard to understand.
C. Easily explained. A

D. Most important,

If two things happen simultaneously, they happen

A, at the same time
B, quickly
C. one after the other

D. once a year

The remainder of the vocabulary questions are given in Appendix B.

Words Tested Percentage correct
Disintegrates 70
Percentage 86
Theory 86
Diversity 65
Fundamental 77
Simultaneously 70
Probability 83
Sample size 1297



TABLE 3.15

Logical Connectives (1979)

% each response

In the following questions choose the word or
phrase you feel fits best into the blank space.

Carborundum and diamond are both made of giant
molecules. All substances made of giant molecules
have melting points above 1000°C, Silicon is also
made of giant molecules,

» 8ilicon has a melting point above

1000°c,
A However A 12
B Yet B 5
C Namely C 5
D Therefore D 78

Ionic salts dissolve in water to form solutions

which conduct electricity.

Sodium chloride and potassium chloride are both

ionic salts, solutions of both salts

will conduct electricity.
A On the other hand A 8
B Consequently* B 172
C Conversely C 6
D However D 14

The formula of carbon dioxide is 002;

a carbon dioxide molecule contains one carbon atom

and two oxygen atoms,
A For example A 18
B Such as B 2
C Conversely Cc 6
D That is* D 74

Students shall not tasteacids and bases;

they should not taste any dangerous chemicals,
A Nevertheless A 7
B Indeed* B 55
C Although Cc 6
D Consequently D 32



TABLE 3.16

Words in Text Books (1978)

The instructions for the questions in the following table are as
follows.

In the following questions you have to choose the answer to fill in
the blank space. There may be more than one answer that is correct,

I would like you to choose the ONE answer which you prefer to use.

* Words used by the author of the text book,

% choosing

uestion
Q each response

1. Different colours to‘different
amounts of energy.

C. mean 2

B. relate 39

A, accord 1

* D, correspond 56
2, the Periodic Table at the front of the

book and remind yourself of the names of the
noble gases.

A. Look at 26
B. Examine 23
* C. Refer to 48
D, Peruse 1

3. Atoms cannot lose electrons easlly because
this pulling a negative particle
(the electron) away from the attraction of
the positive nucleus,

A. means 13
* B, involves 72
D. signifies 2
C. entails 13

4, We have already charged atoms.

B, come across 55

A. met 13
* C, encountered 26

D. confronted 5

5. Does this anything about the colour

of the dichromate ions?

A. suggest 43

C. tell us 22
* D, indicate 27

B. signify 7



We

TABLE 3.16 contd,

learned that the nucleus of an atom is
in the heart of the atom.

found
situated
concentrated
focused

The gas which you are able to smell at the
anode during the electrolysis of copper
chloride ~__molecules of chlorine.

A,
C.
B.
D.

In

oaQw>»

was made up of
consisted of
was composed of
comprised of

electrovalent compounds each ion
attracted to all its neighbours,

no word is needed.
individual
separate
constituent

The energy . is as light.

Q> wo

given out
released
discharged
emitted

g5

19
67
10

16
41
30
11

40
13
42

17
28
20
35



TABLE 3.17

Words in Text Books (1979)

% each response

In the following questions you have to choose the
answer to fill in the blank space. There may be
more than one answer that 1s correct. I would like
you to choose the ONE answer which you would prefer
to use, '

When lithium is added to the water you can see

A. efflorescence, A 8
B. bubbles. B 49
* C. effervescence. Cc 18%*
D. frothing. D 25
Substances which conduct electricity when dissolved
in water or when molten are called electrolytes.
These substances are by electricity.
A, separated, v A 17
* B. decomposed. B 50%*
C. broken down, c 26
D. resolved. D 7
Sodium chloride solution conducts electricity
A. no word necessary,. A 49
B. sufficiently. B 24
C. greatly. C 13
* D. appreciably. D 14*
Two elements have the electronic arrangement 2, 8 and
2, 8, 8, These elements are particularly
A. unreactive, A 14
B, inert . B 36 .
* C. stable C 41%*
D. inactive. D 9
Place a small crystal of blue copper(ll) sulphate in
the water at one side of the dish and a small crystal
of potassium ferrocyanide at the other. These should
give evidence for the of the ionms.
A. movement. A 28
* B. diffusion. B 43*
C. spreading. Cc 16
D. dispersion. D 13
The copper coloured wires which you have been using
in your electrolysis are not composed of blue
copper ions.
A. plainly. A 9
B. obviously. B 54
C. manifestly. C. 7
* D. evidently. D 30%*

* Words used by the author of the text book,

96



TABLE 3,18 97

Pupils choice of Definition (1978)

% choosing

Question
each response

In the following questions all the answers are correct
but we would like to find out which ONE you prefer.

If you were asked to explain the meaning of the word
ELEMENT which ONE of the following statements would
you prefer to use?

A, An element is a substance which is made of

only one type of atom. 52
B. An element is composed of atoms all of which
have the same atomic number, 28

C. Elements are substances where atoms all
contain the gsame number of protons in the
nucleus. 20

If you were asked to explain the meaning of the word
ISOTOPES which ONE of the following statements would
you prefer to use?

A. Isotopes of an element are composed of atoms
that have the same atomic number but different

mass numbers, 34
B. Isotopes are atoms of the same element with

different numbers of neutrons, 28
C. Isotopes are atoms of an element with

different mass numbers, 5
D. Isotopes are atoms with the same atomic number

but different mass numbers. 33

If you were asked to explain the meaning of the words
ATOMIC MASS which ONE of the following statements
would you prefer to use?

A, The Atomic Mass of an element is the weighted

mean of the isotopic masses on the scale in

which an atom of 12C is taken as 12 exactly. 10
B. The Atomic Mass of an element is the average

mass of one atom of an element on a scale

where the carbon 12 isotope 150 has a mass

of 12.00000 a.m.u, 21
C. The Atomic Mass of an element is the average

mass of an atom of the element, taking into

account the proportion of each isotope present, 40
D. The Atomic Mass of an element is the average

mass of the isotopes of the element in their

proportion, 29

If you were asked to explain the meaning of the words
MASS NUMBER which ONE of the following statements
would you prefer to use?

A. The total number of protons and neutrons in

an atom is called the Mass Number, 33
B. The Mass Number of an atom is the number of

protons plus the number of neutrons in its

nucleus, 37
C. The Mass Number of an atom is the sum of the
number of protons and neutrons in that atom. 22

D. The Mass Number of an isotope of an element
is the number of protons and neutrons in the
nucleus of an atom of the isotope.



Table 3.18 contd.

If you were asked to explain the meaning of the words
ATOMIC NUMBER which ONE of the following statements
would you prefer to use?

A.

The Atomic
of protons
element.

The Atomic
protons in
The Atomic
of protons
The Atomic
of protons

Number of an element is the number
in the nucleus of an atom of an

Number of an atom is the number of
the nucleus of that atom.
Number of an element is the number
in an atom of the element.
Number of an element is the number
in the nucleus of one of its atoms.

og

17

35

25

23



TABLE 3,19

Definitions (1979)

% each response

In the following questions more than one answer
may be correct but we would like to find out which
one you prefer.

If you were asked to explain the meaning of the
word element which ONE of the following statements
would you prefer to use?

A. An element is a substance which is made

of only one type of neutron. A 3
B, An element is composed of atoms all of
which have the same mass number. B 10

C. Elements are substances where atoms all
contain the same number of protons in the

nucleus, C 24
D. An element is made of only one type of
atom. D 63

If you were asked to explain the meaning of the
word isotopes which ONE of the following statements
would you prefer to use?

A. Isotopes of an element are composed of

atoms that have the same atomic number. A 6
B. Isotopes are atoms of the same element

with different numbers of protons. B 13
C. Isotopes are atoms of an element with

different mass numbers. C 17
D, Isotopes are atoms with the same atomic

number but different mass numbers. D 64

If you were ésked to explain the meaning of the
words Mass Number which ONE of the following
statements would you prefer to use?

A, The total number of protons and electrons

in an atom is called the mass number. A 23
B. The mass number of an atom is the number

of protons plus the number of electrons

in its nucleus. B 12
C. The mass number of an atom is the sum of

the number of protons and neutrons in

that atom. , C 653
D. The mass number of an isotope of an

element is the number of protons and

neutrons in the nucleus of an atom-of

the isotope. D 12



3.5 Discussion

The results for the control questions (Table 3.3)
indicate that the samples sitting the tests were very
similar and consequently it is assumed that differences
exhibited between any pair of matched questions were
due to factors operating within the question rather than
factors associated with differences in the sample
population sitting each test. The similarity in the
results for these control questions even between the
years hints at the reproducability of the experimental
conditions.

In multiple choice chemistry questions the
replacement of words, whose meaning needs to be under-
stood, by simpler words has an influence on how that
multiple choice item operates. Such words could be
called key words (Table 3.4). When ‘'pungent' is
replaced by ‘'choking', 'least stable®' by ‘easiest to
break down', and 'non-aqueous solvent' by 'liquid
other than water', then a significant improvement in
performance is the result. In multiple choice items
in addition to the key words there are obviously other
words. It may initially appear that it is not quite
so essential to understand these words in order to answer
the question. However, alterations to these words can
influence performance (Table 3.5). Replacement of the

expressions °'distinguish visually', ‘tendency to
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predominate®, 'following procedures ... expected to
produce' brought about an improvement in performance
though no£ all of the improvements were significant at
the five percent level. In multiple choice items it

is important that the language is precise and so there
is a tendency for the style of the question to be
formal in order to achieve this precision. If, however,
this formality becomes pompous then it may make the
questions more difficult.

The discussion has so far considered the
influence of non-technical words on performance. The
understanding of technical terms is part and parcel of
the understanding of chemistry. The teaching of the
subject requires the careful presentation of new technical
terms. However, there may be technical terms used in the
O grade course which it is assumed the pupils understand
since they have already been introduced to them in the
first and second year, and consequently these are not so
carefully presented. The results'(Table 3.6 s 3.7)
for the questions in technical terms are interesting.
From the pupils performance the terms 'evaporation' and
*filtration' seem to pose little problem but it should
be remembered that the percentage correct will be a
function not only of the term but also of the context
of the question in which it is used. This may help to

explain the poor performance for ‘'emulsion® and
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*distillation'. The terms may be known but not related
to 'milk' or ‘'crude oil/refined'. The questions on
'*saturated solution', 'solution’, 'solvent' and
'solute’ are thought provoking. A large percentage of
the pupils seem to understand the expression 'saturated
solution' but are confused by the terms ‘*solution’,
*solvent' and 'solute'. ‘Saturated solution' may be
an expression that has been carefully presented
whereas the other three similar sounding terms prove
more difficult for even O grade candidates to
distinguish. They also have difficulty in distinguishing
between *‘compound®' and mixture but the word *element!
is more readily understood. From the results the term
*filtration' seems easier to understand than ‘'filtrate’
perhaps because the latter term is less widely used. It
would apparently be wrong to assume that because the
pupils may have come across certain technical terms in
first and second year that they understand these termms.
These may need to be presented to the pupils as carefully
as new technical terms, like isotope, if the pupils
are to be able to use and understand the terms
competently.

Changes in expressions of quantity can
influence performance (Table 3.8). ‘'Most abundant'
seems to be easier to understand than ‘least abundant®.

Similarly ‘'most concentrated® seems to be easier to

12



understand than either *least concentrated®' or 'most
dilute'. The candidates can pick out a ‘decreasing
order of activity' more readily than an 'increasing
order of activity' of metals and when the metals are
considered in pairs to give readings on a voltmeter it
is apparently easier to pick out the ‘'highest' rather
than the 'lowest' reading. Some of these changes may
be a reflection of the teaching, for example, the
activity order is usually presented as a decreasing
order, but these changes may also reflect the language
change influencing the thinking necessary to solve the
question. Consider the comparison between *most
abundant' and ‘least abundant®'. Most is an expression
indicating a positive measure of magnitude as is
abundant. Least is an expression indicating a negative
measure of magnitude and consequently by this arguement
is an opposite to abundant. Therefore ‘'most abundant'
may be easier to understand because it does not
involve the unravelling of the double think of ‘'least
abundant'. In other words there may be fewer thinking
stages necessary to solve the questions containing
'most concentrated®, and 'most abundant' and more thinking
stages may be necessary to cope with 'least concentrated',
'most dilute' and ‘'least abundant'.

In Table 3.9 there are matched questions some

with negative expressions, e.g. 'not', 'incorrect‘,
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'unequal' and others with the negative removed. 1In
one of the items the negative expressions are in both
the stem of the question and the responses. The
removal of these negatives, in general, seems to improve
the performance and again this may reflect the language
change influencing the thinking necessary to answer the
question. In a question without a negative there are a
number of thinking stages to go through in order to get
to the correct answer but in a question with a negative
it may be possible that there is at least one additional
thinking stage to go through because of the presence of
the negative. This influence of the negative may not
always be apparent in the matched questions because in
the attempt to get matched questions sometimes the
content of certain responses has to be changed and
this may also have an influence on performance.
Inlmultiple choice chemistry questions
information has to be read and considered by the
candidate before a response is made. The organisation
of this information in the question has an influence on
performance (Table 3.10 and Table 3.11). The removal
of extraneous information by reducing the number of
apparently unnecessary words is a simplification.
Presenting the information in a clear organised fashion
or in simple sentences rather than larger complicated

sentences with embedded clauses can bring about an
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improvement in performance. This may again reflect the
language change influencing the thinking necessary to
answer the question. If the external organisational
changes in the presentation of the information in the
gquestion reduces the internal intellectual organisation
necessary in order to answer the question, then that
linguistic change brings about a change in performance.

Some language changes do not apparently influence -
performance (Table 3.12 and Table 3.13). Minor changes
in parts of speech, e.g. 'products' to 'produced’
‘predominate’to ‘'predominantly', do not seem to
influence performance and framing the question in the
passive or active voice seems to have little effect.
A possible reason may be that these language changes
do not alter the underlying meaning of the question as
a change in vocabulary would do nor do they bring
about any major organisational changes in the presentatioh
of information, and so since these changes have little
influence on the thinking necessary to answer the question,
they have little influence on measured performance.

The remaining tables of information do not
consist of matched multiple choice chemistry questions
designed to test the possible influence of a
linguistic change on performance. Although they concern
multiple choice questions they are designedto.'cast some

diffuse light on the teaching/learning situation rather
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than on assessment. The results in Table 3.14 are from
vocabdlary questions originally designed for an
Australian exercise (12). Some of these technical words
cause even O grade candidates difficulty. The questions
are designed to be straightforward yet for some of the
words, i.e. 'disintegrates®', 'diversity', 'fundamental’,
*simultaneously', more than one candidate in five gets
these items wrong. The interest in trying to assess

the understanding of non-technical words in science

led to a much wider investigation which is described

in a later chapter (Chapter 5).

The questions used to investigate logical
cpnnectives are also based on Australian exercises
(136)(137)(138). Logical connectives, e.g. *'therefore?,
‘however' or expressions which serve as links between
pleces of information: sentences, clauses or phrases
and the original research concluded that by the fourth
year of secondary school most pupils can understand
most connectives but there are still many connectives,
particularly the less common ones, which prove difficult.
Although only four items are displayed in Table 3.15, the
results would tend to support the Australian findings.
For all of the questions at least one in four of the
candidates chose an incorrect response and the question
testing 'indeed' had the lowest percentage correct,

‘consequently' being the best distractor. In the



assimilation of chemical knowledge, it is necessary
for the pupils on occasions to be able to follow linked
chains of logical argument and a faulty understanding
of the link words may be an additional barrier to the
understanding of chemistry.

The results in Tables 3.16 and 3.17 are in
questions designed to try to get a pupil's eye view
of text books. The sentences are from a much used
chemistry text book (154). A word is omitted and four
plausible responses are offered from which the pupils
were asked to choose the one which they would prefer to
use. In Table 3.16 the responses for each question have
been rearranged according to Thorndyke Lorge (155)
word frequency, i.e. from the most commonly used word
to the least commonly used. It is not being advocated
that the most commonly used word is always the most
appropriate. Indeed one of the richnesses of the
English language is the wide variety of words which are
available for any given situation. However, from these
results there may be some evidence that the language of
the text book is not necessarily the language the pupil
is most comfortable with and the teacher of chemistry
may need to be concerned with ways in which to improve
the vocabulary of the pupil, to try to make the
information of the text book more accessible to the

learner.
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The learning of the meaning of technical terms
is important in chemistry and when a pupil is faced with
a number of correct definitions and asked to choose the
one preferred definition, the results are interesting
(Table 3.18). What factors may influence choice?

There are many including: is it in a familiar form

from a popular text book; 1is it in a concise form; or
is it its position among the other definitions? The
following statements are obviously very speculative.

In few of the choices in the questions in Table 3.18,

is there a clear cut favourite but the results might
indicate the importance of cues in learning and where the
cues are missing the pupils tend to avoid this definition.,
Consider some of the questions. For ‘'element®' the cue
may be 'only one type'. Response A the most popular
choice has that cue. For 'isotopes' the cue may be
'‘some' but 'different'. Response C does not have this
cue and is the least popular choice. For 'Mass Number®
the cue may be an expression liké ‘*sum', °‘'plus’,

'total*. Response to D does not have such a cue and is
the least popular choice. To try to test this tentative
idea that the presence of cues, useful in the learning
of definitions, may be influencing the choice in these
multiple choice situations, these three definitions

were tested again, including examples where the correct

cue was present but the definition was wrong. The
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results are shown in Table 3.19. From the percentage
choosing each response the substance of the definition,
i.e. whether it is correct or not is more important than
the presence or absence of the speculated cues but

for each one the most popular response does contain the
cue.

3.6 Conclusions

In all three years 1977, 1978 and 1979 the
evidence of the common control questions suggests that
the samples of pupils who attempted the paired tests
were closely matched. It is assumed that because the
two groups of pupils are closely matched, differential
performances are due to the changes made in the questions
and not to the characteristics of the pupils.

Bearing in mind the hypotheses for this
chapter and the subsequent discussion, performance
in multiple choice chemistry questions seems to be
influenced by :

(1) Words

If a non-technical word that needs to be under-
stood to answer the question (a key word) is
replaced by a word that is more easily under-
stood then there is an improvement in
performance. In addition to the kKey words

the other words in the question may also have

an influence on performance and compressed
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formal language (pompous) may depress
performance.
(2) Negatives
If a negative expression is removed there can be
an improvement in performance.
(3) Expressions of quantity or order
If incompatible expressions like 'least abundant',
*least concentrated' are replaced by more
compatible expressions like 'most abundant?',
'‘most concentrated', then there is an improvement
in performance.
(4) Bits of information
If extraneous bits of information are reduced
by removing unnecessary words, then performance
improves. If the bits of information are
arranged in clear organised simple sentences
rather than larger complicated sentences with
embedded clauses, then performance im proves.
Performance in multiple choice chemistry questions
does not seem to be influenced by minor changes in parts
of speech nor by changing the passive voice into the
active voice. A possible reason for this may be that
these changes do not alter the underlying meaning of
the question whereas changes (1-4) not only alter the
surface structure of the question but they may alter the

thinking necessary to solve the problem. If the change
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either reduces the number of thinking stages or makes
the thinking stages easier, then the performance is
improved. If on the other hand the change does not
influence the thinking, then there is no influence on
performance.

In addition to these conclusions on the paired
matched chemistry questions, some tentative conclusions
on the individual multiple choice questions are
suggested.

1 Technical vocabulary that is introduced early
in the secondary school may not be recalled

by O grade chemistry candidates
2 From the vocabulary questions certain non-

technical words including logical connectives

may be a barrier to the learning of chemistry.

3 The language of the text book may not be the
language with which the pupil is most
comfortable

4 In learning definitions of technical expressions
certain cues or trigger words may play an

important role.

From both the conclusions in the paired matched
multiple choice chemistry questions and the individual
multiple choice questions, by the consideration of the
performance (section 3.5) the interrelationship between

the superficial language of the question and this language's
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influence on the internal thinking process necessary to
answer the questions is being inferred. For example

in the paired matched multiple choice chemistry questions
on organisation of information in the stem of the
question (Table 3.10 and Table 3.11) it is suggested

that if the external organisational changes in the
presentation of the information in the question reduces
the internal intellectual organisation necessary to solve
the question then that linguistic change brings about

a change in performance.
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CHAPTER 4

The Joint Matriculation Board (JMB) Experiment

4.1 Introduction

In an attempt to consolidate and widen the
conclusions of the Scottish experiment, it was decided
to approach the Universities of Manchester, Liverpool,
Leeds, Sheffield and Birmingham Joint Matriculation Board
(OMB) in order to involve their O level candidates. It
was felt that if the JMB were to administer a carefully
designed experiment to a representative cross section
of their schools and some of the conclusions were the
same as the Scottish experiment, then it may indicate
that the results are not due to accent, Scoticisms,
locality, regional quirks, or the sample of Scottish
schools but rather give more substance to the idea
that the factor that is affecting performance in multiple
choice questions is the influence of language on the
internal processing or thinking necessary to solve the
question. Some differences were expected. In Scotland
whereas there is, at present, only one examination at
age sixteen, i.e. the O grades, in England there are two,
namely C.S.E. and O level and it was anticipated that
as a group the O level candidates would be a mare
able group than the Scottish O grade candidates.

In 1975 the JMB was approached by the Science
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Education Research Group of the University of Glasgow
with a view to a co-operative exercise relating to
matched pairs of multiple choice chemistry questions.
The Research Advisory Committee of JMB considered the
proposal in January 1976 and agreed that the results of
this work might be of use to the JMB in the setting of
future examinations in 0 level Chemistry and agreed to
include a representative cross section of JMB schools
in the testing programme. The Examinations Council

subsequently endorsed this recommendation and formal

contact between the JMB and the Science Education Research

Group of the University of Glasgow was established.
The hypotheses that are to be considered in

this chapter are as follows 3

(a) Ability to respond to multiple choice chemistry
questions may be associated strongly with
measured general verbal ability.

(b) Ability to respond to multiple choice chemistry

questions may be related to factors that influence

language development namely social class and sex.
(c) Replacing words in key positions in multiple
choice chemistry questions may influence
performance.,
(a) Changing possible pompous non-technical terms
in multiple choice chemistry questions may

influence performance.
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(e) Expressions of quantity or order (e.g. more,
less, increasing, decreasing) in multiple choice
chemistry questions may influence performance.

(£) Replacing a negative expression by an
affirmative expression in multiple choice
chemistry questions may influence performance.

(g) Reducing the number of words in multiple choice

| chemistry questions may influence performance.

(h) Changing the arrangement of clauses in multiple
choice chemistry questions may influence
performance.

(i) Replacing passive expressions by active
expressions in multiple choice chemistry
questions may influence performance.

(3) 0 level chemistry candidates may have a poor
understanding of useful non-technical words.
These hypotheses represent to some extent an

expansion of Table 2.2 and, as with Scottish experiment,

their formulation has been influenced by some of the
research work described in part 2.3 of Chapter 2. The

JMB experiment is in this respect a parallel

investigation.,

It differs from the Scottish experiment in that
it is almost exclusively involved with paired matched
multiple choice questions with little attempt to explore

aspects of teaching chemistry, e.g. text book language.
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This is understandable since the JMB, an assessment
organisation, is interested in how the language in which
a test item is couched may influence performance. The
JMB experiment also differs from the Scottish experiment
in that the JMB experiment has the added dimension of
comparing pupil performance with the pupils measured
general verbal ability, their social class and their
sex.

As in the Scottish experiments, within the
theoretical background detailed in Chapter 1, it is
hoped that these hypotheses will not only lead to
conclusions about how the superficial language of the
question influences performance but also lead to a
clearer understanding of how the superficial language
may be related to the necessary internal thinking
process.

The investigation is in two parts - one
conducted in March/April 1977 and the other in March/

April 1979.

4.2 Design of the test items used in the 1977

Investigation

The test items used in this experiment were
assembled in much the same way as had been done in the
Scottish experiment. It was decided that the alternative
forms of the two tests should contain thirty items made

up as follows -
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1 Five items on vocabulary from the Australian
word survey.

2 Four items on Chemistry common to both tests
to act as control questions.

3 Twenty-one items on Chemistry each having two
versions designed to investigate the effect of
the following :

(a) possibly difficult words, such as pungent
or diatomic in key positions

(b) the removal of a negative

(c) the presence of large numbers of words

(d) the removal of a possible ambiguity

(e) different formulations in terms of the
number or arrangement of clauses.

Some of these items were the same as had already

been used in the Scottish exercise, but there were a

number of items which were specially adapted for use in

the joint experiment. These items had been pretested,
they had been found suitable for use, but had never
actually been used in an operational Ordinary Level
examination. These items were selected by the Chairman
of Examiners for Chemistry (Ordinary) and were adapted
by myself working in conjunction with himsoas to
provide alternative simplified forms.

To obtain a measure of the general verbal

ability of the candidates since it was not possible
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to obtain verbal reasoning quotients in addition to

the Chemistry test, each pupil attempted forty verbal
items taken from Test 100. This is a test of scholastic
ability constructed by the National Foundation for
Educational Research for use in its GCE and CSE monitoring
studies., It contains eighty items designed to test

verbal and numerical ability. In order to provide an
indication of the verbal ability of the pupils the

items testing verbal skills are isolated and a test
containing these items only was re-printed.

The General Ability Test (Verbal) (Appendix E)
was timed for thirty minutes. This was followed by one
of the Chemistry tests (Appendix F) which was timed
for forty minutes, so that the entire testing process,
including preparation and a short break, lasted only a
little more than one hour and a quarter.

In addition to completing an answer sheet
(Appendix G) each candidate was asked to indicate his/
her sex and the occupation of one or both parents.

The responses were anonymous, but since schools were
invited to indicate whether they wished to receive the
scores of their candidates, they were asked to use
some means of identifying the candidates on the answer

sheets.

4.3 organisation and Administration of the 1977

investiqétion

It was decided that to produce stable results
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from which meaningful conclusions could be drawn,

it was preferable to have about 1,000 pupils attempting
each of the Chemistry tests. For ease of administration,
not only for the JMB but also for the schools taking
part, it was agreed that the unit of sampling would be
the school. The schools selected are a representative
sample of those entering candidates for JMB Chemistry
(Ordinary). A total of 40 schools accepted the
invitation to take part and in all 2024 pupils sat the
tests including a few who had not been entered for

the Chemistry (Ordinary) examination although they had
formed part of the O-level teaching group.

The test materials sent to schools included
Instructions to Supervisors (Appendix H). The two forms
of the Chemistry test were coded X (printed on pink
paper) and Y (printed on yellow paper) and schools
were asked to distribute them to pupils alternately,
i.e. the first pupil received Text X, the second Test
Y, the third Test X and so on. The use of different
coloured paper was for convenience so that schools
would have no difficulty in distributing the booklets
correctly and pupils would have no difficulty in
indicating on the answer sheet which test they had
attempted,

When the tests had been completed, all materials

were returned to the JMB. Most candidates had provided

119



the information on the answer sheets which was
requested. From the indication of parental occupation,
pupils were classified into one of three social class
based on the categories used by the Registrar General
(156).
Grddg'l Professional and skilled workers
Gfdﬁg»z Semi~skilled workers
Group 3 Unskilled workers

Where the occupations of both parents were
shown, the higher of the two was used in the classification.
In some cases parental occupation was not given and in a
very few instances, candidates omitted to show their
sex on the answer sheet. Nevertheless the responses of
all pupils were processed and their scores have been
included in the appropriate category with the result
that, in some of the results which follow, the numbers
do not always add up to the same total. When returning
the answer sheets schools were asked to indicate which
sheets related to the non-GCE pupils (if any) so that this
information could be entered on the sheets.

4.4 Results of items common to all pdpils, in

1977 Investigation

It was intended that by utilising fairly large
samples overall, the sub-groups of pupils would them~
selves be fairly large so that sampling errors would

be reduced and that differences noted would be real
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differences, subject to the usual limits of significance.
All pupils offered the Test of Verbal Ability, the
questions on vocabulary common to both Chemistry Tests
and the control questions on Chemistry which were also
common to both tests. The facility values (expressed

as percentages) for the two groups of candidates offering
Test X and Test Y respectively in the questions which
were common are shown in Table 4.1. It should be noted
that all the questions have been numbered sequentially
with the items in the Chemistry Tests numbered, for
convenience, 41-70. Throughout this report, Test X
refers to the test containing the items in their original
form and Test Y refers to the test with items in
simplified form.

It may be seen from Table 4.1 that the facility
values for the individual common items are extremely
similar for the two groups of pupils who completed
Test X and Test Y. Of the 55 items, 17 have identical
facility valuesy 35 items differ by 2 per cent or less.
Two items (No. 25 and No. 42) differ by 3 per cent. The
greatest discrepancy (of 4 per cent) is between the
performance of pupils taking Test X and those taking
Test Y in relation to item No. 26 (a Verbal Ability
item). There is thus clear evidence that the two
grohps of pupils who took Test X or Test Y may be

considered to be very closely matched.
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TABLE 4.1

Facility values in the common questions
for the two main groups of pupils.

Question .. Pupils. . offering Question Pupils. . offerinz .
(wrbal Ability) Test X Test Y (Vocabulary) Test X Test Y
1 79 78 11 gnegative) 85 8,
2 77 75 42 (correspond) 8, 87
3 92 92 43 (efficient) 97 96
L 95 95 L (converse) 3. 'R
5 85 85 L5 (valid) 87 85
g ;; ;g . Mean facility  77.4  Th.k
5 S
(The word in parenthesis is ‘the
:? Zg’ ' Zg : -word the understanding of which is
12 73 : : 73 being _tested.) .
13 L7 L6
1% 8 - 8
15 5 75
16 83 90
17 L2 L3
18 62 €2 _ Control X
19 91 92 duestions - - Pupils - . offering
20 - 67 67 - ‘ )
po o2 o2 (Chemistry)  Test X [Test ¥
22 90 93 52 - 7
23 L L5 53 . 67 65
2, 66 €6 Sh 57 58
25 31 32 55 66 66
26 57 61 ’ 4 *
27 o5 o3 Xean facility 6543 65.0
28 45 L5 '
29 _ -81 - 80 ,
30 63 62 Test X Test Y
31 55 57
32 48 48 Number of '
33 61 62 pupils 1 00% 1120
3 71 72 : : v
35 L5 L5
36 - n .28
37 3 35
38 25 27
39 35 37
0 B
MNean facility 654 65.7



TABLE 4.2

Facility values for the sub-groups in the common cuestions

. -
Verbal Ability Social Class Sex | Eramination
Group 1 Group 2 'Group 3| Group 1| Group 2 | Group. 3 | Boys Girls GCE Non-w
Question - ‘ GCE__|
X 1Y X Y X Y X Y X Y X X £ b 4 X Y X Y ...-X ' Y _
52 86 | 86 217 571 58 6 77 69 67 62 | 68 13 70 1 69 761 76t 371 35
55 |e e |er]6| 53|55 |l oalel| stle | 6ales| 656 | 70| 69f 3638
5 79 1 €0 57 1 53 36 | 42 651 65 511 54 L5 L6 61 7 61 52 { B4 61 61 30 | 32
55 €01 85 § 661 64 | 53| 53| V3| M| 63} 6} 55159 }) 66661 66163 | 70y 7| 39| 38
Sample | | | ; P ;
Size 318 (32, | 364 |367 | 322 {329 { 419 |380 | 362 {410 | 93 | 93 606 ‘}619 393 1398 | 899 j902 | 105 |118 !
- IEstimated | ' - !
idifference ,
necessary 8 8 © 8 7 7 i 14 7 5 12
ifor 5% . ‘ -
isignis A t
rficance; L ] ;
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As has been pointed out each of the two main
groups consisted of more than 1,000 pupils so as to ensure
that numbers in sub-groups would not be small. Details
of the sub-groups and the numbers of pupils in each are
as follows.

Verbal Ability Test X Test Y

Group 1 3 Test scores 30-40 318 324
Group 2 s Test scores 24-29 364 367
Group 3 s Test scores 0-23 322 329

(Test score ranges were chosen so as to make the groups
approximately equal in size).

Social Class*

Group 1 419 380
Group 2 362 410
Group 3 93 93
Sex*

Boys 606 619
Girls 393 398

GCE status

GCE candidate 899 902
Non-GCE candidate 105 118
*Because of misdng data the totals do not sum to 2024,
Table 4.2 shows the facility values for the sub-
groups of pupils who attempted Test X and Test Y in
respect of the four common Chemistry questions. As

was noted for the main groups of pupils the facility
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values are very close. Apart from an apparent sex.
difference in item No. 54 there are discrepancies between
facility values within Verbal Ability Groups 2, 3 and 1
for item Nos. 53, 54 and 55 respectively. None of these
differences, however, reach statistical significance

as may be seen from the bottom row of Table 4.2.' The
evidence leads to the conclusion that in all major
respects the two groups of pupils who completed Tests

X and Y are sufficiently matched. Thus differences

in performance between those items which are in

original and those in simplified form may be said to

be the result of the wording and not to the different

characteristics of the candidates responding to them.



- Facility values for individusl questions for

TABLE 4.3

total sample

: |
Question Ability Group Social Class : GCE Non-GCE
nunber 1 2 3 1 2 3 Boys Girls rupils i pupils
Vocabulary L1 92 | 86 | B 88 | & | 82 85 86 87 72
Westions 42 5 | 88 | 88 | & | 85 | 86 86 . 87 g0
L3 100 99 93 98 97 96 97 98 98 91
Ly 36 Sk I 37 33 52 3 35 35 33
L5 95 83 79 8 | 87 | 82 88 86 88 82
- - _ g N ’ .
Chc—mis‘tiry 52 86 72 58 76 | €68 .1 65 73 1. &9 76 36
;‘fe’j:fons 53 g2 | 65 | = 2 e | s | 61 65 69 42
Sl 80 | 55 | 39 | 65 52 i 4 | 6 53 61 31
55 8 | 65 | 53 7|6 5T |6 67 70 31
' a
. : H H
Number of ' } L : :
pupils* 6L2 731 561 799 772 »i'186 1225 791 1801 223 ;
’ TR .

* Because of missing data some totals do not sum to 2024

~
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4.5 Analyses of individual questions in 1977

Investigation

The five common vocabulary questions (Table 4.1)
are numbered 41-45 in each version of the two tests
(original and simplified). The four common Chemistry
control questions are numbered 52-55 in thetwo tests.
Table 4.3 shows thefacility values for these common
questions for the total sample of 2,024 pupils. As is
to be expected Ability Group 1 pupils found the common
questions easier than either Ability Group 2 or 3 pupils.
Except for item no. 44 the mean facility values for
Ability Group 3 pupils are lower than that for either
Group 2 or Group 1. Except for item no. 42 lower Social
Class groups show numerically inferior mean facility
values than higher Social Class groups. Sex differences
are small except for item no. 54 and (to a lesser degree)
52. As may be seen the facility values for item no. 54
are 53 for girls and 61 for boyss no explanation is
offered for this difference. The item is as follows.

54. Some atoms of an element are heavier than

other atoms of the same element. This is
because they have different numbers of

A. neutrons

B. nuclei

C. protons

D. electrons
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Option B was not popular; options C and D
attracted approximately equal proportions of pupils.

Separate analyses were made of the facility
values for the Chemistry questions in their original
form and in their simplified form for each of the
sub-groups into which the main samples of pupils have
been divided. These multiple choice items are
numbered 46-51 and 56-70. (Subsequent to the analysis
it was discovered that there was an error in the
simplified version of question 61. This question has
been omitted therefore from all the following tables.)

Table 4.4 gives the méan facility values for
the Chemistry questions in their original form for each
sub-group. It may be seen that there is a marked
tendency for facility values to fall as one goes from
Ability Group 1 to Ability Group 2 to Ability Group 3.
In item no. 48 the trend is reversed between Ability
Groups 2 and 3 and in item no. 66 between Groups 1 and
2. Of the 40 differences tested for significance, 32
were found to be statistically significant. A similar
overall pattern is to be seen between Social Class
Groups. Items nos. 46, 60 and 69 upset the trend
between Groups 2 and 3; item 46 has extremely high
facility values. Differences in facility values
between Social Class Group 1 and Group 2 were tested;

11 differences were found to be statistically significant.
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TABLE 4.4

. Facility values for Chemistry questions in original form

L

Question Ability group Social Class GCE Non~GCE

nunber 1 2 3 1 2 3 Boys Girls Yupils pupils
L6 : 99 98 90% 97 95 98 97 oh 97 88
L7 80 59% 39% 67 Bl ¥ 52 62 ¥ 63 25%
L8 61 59 62 63 56% 57 65 S 61 58
L9 76 1 6o | 43 63 58 52 63 5l * 63 34 ¥
50 " 48 JL* 29 Ll 32% 23 39 3 39 %
51 66| B6* | 16* YR N N i A I 1 59 ;ﬁ.__s_z',fm_ .
; . !
56 | 60 | u9* |43 5l 52 | 38 | .55 5% 2 : s
57 81 65% | 56% 69 66 59 | 69 6l %o ! ig*
58 & { 51% 4 39% 56 | L9* | 46 53 . 49 5l { 3%
59 L7 32% IR 35 32 28 39 28* 36 : 21¥
60 81 66 | Li¥ 68 58« | 60 | 68 B 65 33*
212 : - ¥ I T H DR A WoON , S —
85 638* 45 73 61 55 63 6 - *
- 63 21 23 16* 26 - 22 19 2l : gg , 21?.' ' lfi*
Bl - 59% 39% &l YA 45 58 55 59 32+
65 68 564 Lu* 3 56 55 S5 4 59 52% .57 LL¥
66 65 52 37* 58 L7* 5 1 55 L5 52 L%
67 46 36% | 30 41 5% 1 46 36 36 38 20%
68 65 1 45§ 37% 1 53 45% | 50 50 L6 51 | e2e*
69 L3 § 35% | 32 39 36 PR 35 L0 37 35
70 65 1 b55¥% Lo* | 58 50* Ly Bh 53 56 35%
Number o : i . ’
Tupils ot 218 - 36k } 222 Lig 262 '} 93" 606 P393 899 105

* The differences between Ability Group 1 and Ability Group 2, between Ability Group 2 and Ability Group 3,
between Social Class Group 1 and Social Class Group 2, between boys and girls and between GCE pupils
and non-GCE pupils for individual ‘questions have been tested; those marked are significant at the
5 per cent level. ' " B ) . :
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TABLE 4.5

x -0 Facility values for Chemistry questions in simplified form
uestion Ability Group Socizl Class _ GCE { Fon-GCE
number ; 1 2 3 1 2 3 {1 Boys Girls { Dpupils : pupils
46 S99 100 99 100§ 99 100 99 i 100 - |  <9. 100
47 ' S0 79% i 6T* 83 4% 75 79 78 83 48%
48 : 68 59% ;63 651 62 63 64 61 63 - 64
49 77 64% | - 40* (i 58% 53 65 . 5e - 65 42%
50 42 26% 21 24 26% 28 52 27 31 - 16*
51 5 5T* 52 65 58% 57 63 57* 64 39%
56 73 C61* i 54 69 61% 57 64 60 66 40%
57 b8 65% 54 # T2 66. 60 68 68 70 49*
58 ¢ 58 44% | 34% 551 41* | 38 | 49 o 40% 1 48 el
59 49 32% 27 40 34 - 22 38 32% 38 25%
60 75 54% 40% 62 Sa% 55 60 51% 59 23%*
61 - W I4T7 H-D R A{W X
62 38 70% 61% 79 6o#* 74 73 - T3 15 55%
63 « 31 - 26 25 23 26+ 14 30 - 23% 28 22
64 11 prad 41% 67 52% 44 56 57 61 .26
65 59 49% 43 52 49% 56 54 45* Y 42
66 67 50% 43 61 50% 57 55 50 55 39%
Y 51 37% 31 47 37* 24 41 - 28 . 41 30%*
€8 . €0 59% 42% 63 61 52 59 €3 i 64 ] 36%
- 69 65 - 5o* 41% . 56 47* 45 52 49 52 40%
: 70 67 49% 34% 56 56 40 52 47 ] 53 23*
; ] 3
3 Humbir of © 324 267 329 3280 i 410 o3 619 398 § 902 « 118
§ puprdis o ; _‘,

The differences between Ability Group 1 and Ability Group 2, between Ability Group 2 and Ability Group 3,
betvween Social Class Group 1 and Social Class Group 2, between boys arnd glrls and between GCE pupils

and non-GCE pupils for individual questions have been tested; those marked™®are significant at the
5 per cent level,
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Differences in facility values between simplified and original forms of Chemistry questions

TABLE 4.6

Question Ability Group Social Class : GC3 Non-GCE
nurber 1 2 3 1.1 2 3 Boys Girls rupils pupils
46 0 2% 9x,{ T ax | 2 o% 6% D4 1%
47 10% | 20% 28% | 16% 20% | 23 17% 24% 20% 23%
48 T 0 1 2 6 | 11 -1 T* 2 6
49 1 4 3 8 0 1 2 4 2 ‘ 11
50 -6 —g* ~8# {o10% -6 5 —7* -T% -8 -8
51 o* 1 6. 8% 3 6 3 6 5% 5
56 13% | 12% 11% | 15% g% | 19% g% 15% 14% 1
57 3 0 -2 3 0 1 -1 4 0 ¢ 9
58 -6 -7 -5 -1 -g* | -8 -4 -9% ~6% ~10
59 2 0 3 5 2 -6 -1 4 2 2
60 -6 ~12% -1 -5 -6 -5 -8% =3 . ~6% 0
61 - - W IIT H{D R A} W N -
62 -3 2 T 16* 6% T* 10% 5 o* 6% 10
63 0. 3 9% T* 4 -5 6* 1 4 8
64 6 =7 2 3 0 -1 -2 4 2 -6
65 -C* ol -1 -4 -6 2 -5 ~7* ~G* -2
66 2 -2 6 3 3 7 0 5 3 ~2
67 5 1 1 6 2 8 5 2 3 10
68 15% 1 14% 5 10% 16% 2 9% 17% 12% . 10
69 22% 15% o* 17* 11% 4 17* 9* 15% - i 5
70 2 -6 G- -2 6 ~4 i -2 -6 -3 Poo=12%
Difference statistically significant at the 5 per cent level
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One question only (item no. 69) produced a
facility value numerically higher for girls than for
boYs although the difference is not statistically
significant. Nine differences are statistically
significant in favour of the boys, that is, the facility
values are higher for boys than girls. Two differences
between GCE pupils and non-GCE pupils are not
statistically significant.

Table 4.5 gives the mean facility values for
the Chemistry questions in simplified form in each of
the sub-groups of pupils. By and large the pattern
of the trends to be observed between sub-groups is
similar to the pattern among the items in their original
form. Discrepancies are to be found between Ability
Groups 2 and 3 for item no. 483 between Social Class
Groups 2 and 3 for item nos. 47, 48, 50, 60, 62, 65 and
66 and between the sexes for item nos. 46, 64 and 68
although none of the differences reaches statistical
significance.

Of the 200 differences tested for statistical
significance in each of Tables 4.4 and 4.5, 70
differences are statistically significant in Table 4.4
and 64 differences are statistically significant in
Table 4.5. Table 4.6 shows the differences for each
sub-group of pupils between the mean facility value for

the simplified version of individual Chemistry questions
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and the original version. As may be seen the majority

of differences are positive, that is, the mean facility

values are higher for the simplified versions of questions
than the facility values calculated on the questions in
their original form. Statistically significant differ-
ences are indicated by an asterisk*.

Inspection of Table 4.6 shows that, when statist-
ically significant differences only are taken into
account, the items may be placed into the following
groups.

(a) No change in facility valuess nos. 48, 49,

57, 59, 64, 66 and 67.

(b) Change in the hypothesised direction, that is,
simplification leads to a significant rise in
facility values nos. 46, 47, 56, 68, 69.

Three items (nos. 51, 62 and 63) show some

significant differences but not on the scale

of the five other items in this group.

(c) Change in the opposite direction to that
hypothesised, that is, such items have higher
facility values before 'simplification':

nos. 50, 58, 60, 65 and 70.
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Thus it may be seen that, of the 20 Chemistry
questions which were produced in two versions,
alterations to five questions although intended to make
the questions easier had the reverse effect.
Alterations to the remaining 15 questions either had
little effect on facility values or raised them
significantly. The Appendix I shows each item in
its two forms and includes information on the differ-
ences resulting from the simplifications made with
particular reference to the data in Table 4.6.

There is clear evidence that, in general,
ability to respond correctly to the Chemistry questions
is associated strongly with verbal ability since higher
verbal ability groups are achieving higher facility
values than lower ability groups: this is true for
the questions in their original form and when simplified.
Similarly higher social class groups achieve higher
facility values than lower social class groups.
Facility values for boys were generally higher than
those for girls; for the majority of questions girls
showed greater improvements on the simplified questions
than did the boys. As is to be expected, those pupils
(the majority) who were intended to be GCE candidates
for the 1977 examination were significantly superior
to the small number of pupils who were not.

Similar trends to those found in facility

values for items as originally written and for revised
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items appear when the differences between the facility
values of items in their two forms are considered
(Table 4.6). Two questions, however, appear to run
against the general trend. Greater improvements are
to be found for nos. 68 and 69 for higher‘ability
groups and higher social class groups than respective
lower groups.

4.6 Comparison Between Scottish and JMB Pupils in

1977 Investigation

As stated in the introduction to this chapter,
differences were expected in the performance of the
two groups, the O level candidates being a more able
group than the Scottish 0 grade candidates.

The five vocabulary items common Test X and
Test Y had already been used in the Scottish experiments.
Three of the four Chemistry control questions had also
been used in Scotland. Table 4.7 shows the facility
values obtained in the joint JIMB/Glasgow experiment
and those obtained in the second Scottish experiment.
All the differences in facility values between the JMB/
Clasgow figures are statistically significant. Thus it
may be seen that except for item no. 44 (which related
to the word 'converse') the English pupils showed greater
ability than the Scottish pupils. On the common
Chemistry questions there is little to choose between
the two sets of pupils; only on item no. 52 is there a

statistically significant difference.
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TABLE - 4.7

Comparative performances
in common (control) questions.

Question Facility value
number Joint JMB/Glasgow Scottish
41 85 82
42 ” 86 76
Vocabulary 43 96 : 88
44 34 41
45 ' 86 82
Chemistry 52 71 66
(control) 53 60 66
54 57 56

Number of pupils 2024 1752

Other Chemistry questions had been used in
Scotland as well as in the joint experiment. In item
no. 46 the replacement of the word 'pungent' by ‘choking’
brought about an improvement among the JMB pupils from
96 per cent correct to 99 per cent correct whereas
among the Scottish pupils the improvement was from 80
per cent correct to 95 per cent correct.

The results for the question relating to the
more technical word 'valency®' were interesting. For
Scottish pupils in the 1975 exercise the improvement
was from 51 per cent correct to 62 per cent correct.
For JMB candidates the change made virtually no differ-
ence, 61 per cent to 62 per cent correct. Page 24 of

the 1969 version of the Scottish syllabus (157) reads
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"the term 'valency' need not be mentioned", whereas in
the 1977 JMB syllabus (158) the word valency is given a
paragraph to itself (page 209). In the 1976 Scottish
exercise when a similar simple question was used to
test 'valency' there was no significant improvement on
that occasion perhaps because of a revision in the
Scottish syllabus (159). The revision was fairly
minor but page 24 now reads "While the word 'valency'
should be used in its proper context, no formal
definition will be required". The vocabulary of
syllabuses has an impact!

Different emphases in the teaching of various
points may also explain certain differences in results.
This may be true of item no. 59.

In the 1976 Scottish exercise this reduction
of 'noise' by recurring words brought about a change
from 31 per cent correct to 43 per cent correct whereas
in the JMB exercise the original had 34 per cent correct

and the simplified 35 per cent correct.
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59

Original Question (X)

Which statement is
true about the ions

8 .+ 8_. 2+
3L:I. and 4Bﬁ¢ ?

A, They contain the
same number of
neutrons.

B. Their atoms
contain the
same number
of protons,

C. They will combine
with the same
number of

F ions,
D, They contain the

same number of
electrons,

* Correct option.
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Simplified Question (Y)

8 .+ 8 _ 2+
3L:I. and 4BEe

have the same number of

A. neutrons
B. protons

C. charges
D

. electrons



4.7 Discussions and éoﬁcldsiEﬁsbdf 1977~IﬁVestigation

Clear evidence has been produced to show that
the two main samples of pupils who attempted Test X
and Test Y were closely matched on the variables which
had been taken into accounts verbal ability as measured
by test items taken from NFER Test 100, Social Class
groupings, sex and -- examination status. Performance
in the common Chemistry questions adds to this evidence
except that a significant sex difference (which remains
unexplained) was found in one question (Table 4.2).
Similarly performance in the common vocabulary items
were singularly similar.

Analyses have been made of the facility values
for 20 Chemistry multiple-choice items in their original
form and in a revised but simplified form. It is
assumed that because the two groups of pupils were
closely matched, differential performances are due to
the changes made and not to the characteristics of the
pupils. The results for five items ran contrary to
the hypothesis and the attempted simplification lead
to a decrease in facility values. Seven of the
remaining 15 items showed no significant changes; five
very clearly showed changes in the anticipated direction
and three other items produced changes as”expected but
to a lower degree,

The nature of the alterations made to the
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original questions in order to simplify them varied.

But with 20 questions, three of which covered two types
of change, it is not possible to judge which type(s)

of change would be likely to have given the best
advantage. On the other hand, only one question (item
no. 50) in which a change in the key word had been made,
produced a change in the wrong direction.

Pupils in Ability Group 3, consisting of
approximately the lower third of pupils in terms of
scores in Test 100 made more gains than those in either
of the other Ability Groups as a result of the alterations
to items although the pattern did not hold for item
nos. 68 and 69. Facility values for the girls were,
on the whole, lower than those of the boys in both
versions of the Chemistry questions. The differences
in facility wvalues between boys and girls tended to be
reduced as a result of the simplification. The small
sub-group of non-GCE pupils found both versions of
the Chemistry questions very difficult (except for
no.46). Social Class Group 1 pupils produced higher
facility levels than either of the other two Social
Class sub-groups and tended to make slightly higher
gains also.

As has been reported many of the Chemistry
items were potential Ordinary Level questions. Two

items (nos. 46 and 63) have facility values that are
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outside the range of values (30-75) usually used in
constructing attainment tests. Despite the overall
increases in facility values which resulted from the
simplification of the items, one other item only

(no. 47) falls outside this range of normally accepted
values. Thus it seems reasonable to assume that

were all items prepared for pre-testing to be produced
in a more simplified form than at present there would
not be a great increase in the proportion of items

found to be unsuitable, by virtue of their high facility
values, for possible inclusion in operational examination
papers.

The biserial correlation coefficients for two
items (nos. 48 and 69) were in the original version
lower than is normally expected (0.26 and 0.27 respect-
ively). Both these figures increased as a result of
simplification (to 0.30 and 0.42 respectively). The
biserial coefficient for item no. 63 fell from 0.35
to 0.26. There is no evidence from this experiment
that the discriminatory power of items would be
adversely affected by simplification. The internal
consistency of Test Y (simplified) was marginally
higher at 0.781 than that of Test X (original) at 0.775.

4;8‘H B bééidﬁ af.tﬁe tést items used in the 1979

Investigation

The test items used in the joint experiment

were assembled in much the same way as in the 1977
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investigation. It was decided that the alternative
fofms of the two tests should contain 33 items made up
as follows -
1 Four chemistry items common to both tests to
act as control questions.
2 Twenty-nine items on chemistry each having
two versions designed to investigate the effects
of the following -
(a) the effect of qualifying words (e.q.
increasing/decreasing)
(b) the presence of negative expressions
(e.g. incorrect, not)
(c) the number of bits of information in the
stem
(d) the arrangement of the bits of information
in the stem (e.g. embedded clauses)
(e) the presence of pompous expressions (e.g.
tendency for covalency to predominate)
(f) the use of the passive voice
Some of these items had already been used in
Scottish exercises, but others were specially adapted
from items in the JMB chemistry O level item bank.,
As in the 1977 exercise it was decided to use
the General Ability Test (Appendix E) timed for thirty
minutes followed by one of the Chemistry tests

(Appendix J) timed for forty minutes, so that the
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entire testing process, including preparation and a
short break, lasted only a little more than one hour

and a quarter.

4.9 Organisation and Adminiéfféfiéﬁ‘of-fhé.1979

Ihvééfiqéfioﬁ

This was similar to the 1977 investigation.

A total of twenty-two schools accepted the invitation
and 1504 pupils sat the tests.

The test materials sent to schools included
Instructions to Supervisors (Appendix K). The two
forms of the Chemistry test were coded X (printed on
pink paper) and Y (printed on yellow paper) and schools
were asked to distribute them to pupils alternately,
i.e. the first pupil received Test X, the second Test
Y, the third Test X and so on. The use of different
coloured paper was for convenience so that schools
would have no difficulty in distributing the booklets
correctly and pupils would have no difficulty in
indicating on the answer sheet which test they had

attempted,

In addition to completing an answer sheet

(Appendix L) each candidate was asked to indicate

his/her sex.

4;10—‘ -Réédifé‘df-itéﬁé~éommoh fo all pupiisliﬁ'f979

Investigation

As in 1977 it was intended that by using

fairly large samples overall, the sub-groups of pupils
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would themselves be fairly large so that sampling errors
would be reduced and that differences noted would be
real differences subject to the usual limits of
significance. It should be noted that all the questions
have been numbered sequentially with the items in the
Chemistry tests numbered, for convenience 41-73.

It may be seen from Table 4.8 that the facility
values for the individual common items are extremely
similar for the two groups of pupils who completed
Test X and Test Y. Of the 44 items, 9 have
identical facility values; 32 items differ by two per
cent or lesss and the greatest discrepancy of 4 per
cent is between the performance of pupils in items
Nos. 18 and 40 (both Verbal Ability items). There is
thus clear evidence that the two groups of pupils who
took Test X or Test Y may be considered to be very closely
ma tched.

Details of the sub-groups and the numbers of

pupils in each are as follows i1- (see over)
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Verbal Ability Test X Test Y

Group 1 3+ Test Scores (26-40) 246 259
Group 2 : Test Scores (19-25) 254 244
Group 3 : Test Scores (0-18) 247 254
Sex
Boys 484 503
Girls 263 254

Table 4.9 again demonstrates the similarity
of the matching of the sub-groups. Differences in
performances between items may be said to be the
result of the wording and not to the characteristics of

the candidates responding to them.
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TABLE 4.8

Facility values in the common questions for the two main groups of pupils.

(1979)
Question Pupils offering Control Questions Pupils offering
(Verbal Ability) Test X Test Y (Chemistry) Test X Test Y
1 67 66 41 69 69
2 62 59 42 60 60
3 81 84 43 49, 49
4 89 %0 48 53 53
5 74 73
6 67 67 Mean facility 57.8 57.8
7 66 68
8 44 47 Test X Test Y
9 77 74 Number of pupils 747 757
10 67 66
11 51 52
12 58 60
13 37 39
14 76 76
15 60 59
16 80 81
17 38 35
18 48 52
19 86 88
20 54 56
21 85 85
22 o1 90
23 31 30
24 52 53
25 23 27
26 45 43
27 82 83
28 40 42
29 77 77
30 49 48
31 49 50
32 37 37
33 47 51
34 53 56
35 33 32
36 24 23
37 27 27
38 14 19
39 20 20
l4€
40 26 30

Mean facility 54.8 55,5



TABLE 4.9

Facility values for the sub-groups in the common questions (1979)

Verbal Ability | Sex
Group 1  Group 2 Groun 3 Boys Girls

Questiom  y y x Y X Y x. Y X ¥
41 83 82 71 65 53 58 71 70 65 65
42 ’ 78 78 55 56 48 42 61 62 60 52
43 n 7 45 438 32 31 51 53 45 44
48 70 65 52 53 37 42‘ 56 54 47 52

Sar;pie 346 259 254 244 247 254 484 503 263 254
812

Estimated

difference ‘

for 5 per 8 8 8 7 8

cent

significance
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4.11  Analysis of individual questioﬁs in 1979

Investigation

Separate analys2s were made of the facility
values for the Chemistry questions in their original
form and in their simplified form for each of the
sub-groups into which the main samples of pupilé have
been divided. These multiple choice items are numbered
44-47 and 49-73.

Table 4.10 gives the mean facility values for
the Chemistry questions in their original form for
each sub-group. It may be seen that there is a marked
tendency for facility values to fall as one goes from
Ability Group 1 to Ability Group 2 to Ability Group 3.
Of the 58 differences tested for significance, 46 were
found to be statistically significant. Four differences
between the facility values for boys and girls are
statistically significant in favour of the boys, that is,
the facility values are higher for boys than girls.

Table 4.11 gives the mean facility values for
the Chemistry questions in simplified form in each of
the sub-groups of pupils. In general, the pattern of
the trends to be observed between sub-groups is similar
to the pattern among the items in their original form.
In the Ability Groups, of the 58 differences tested for
significance, 45 were found to be statis£ica11y signifi-
cant. Nine differences between the facility values for

boys and girls are statistically significant in favour
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of the boys, that is, the facility values are higher
for boys than for girls.

Of the 87 differences tested for statistical
significance in each of Tables 4.10 and 4.11, 50
differences are statistically significant in Table
4.10 and 53 are statistically significant in Table 4.11.

Table 4.12 shows the differences for each
sub-group of pupils between the mean facility values for
the simplified version of individual Chemistry questions
and the original version. As may be seen, the majority
of differences are positive, that is, the mean facility
values are higher for the simplified versions of
questions than the facility values calculated on the
questions in their original form. Statistically

significant differences are indicated*,
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TABLE 4.10
(1979) Facility values for Chemistry questions in original form.

Q;z:;::n 1, Abi;ity éroug | Boys Girls ::;;ie
44 42 23" 17 27 28 27
45 64 a7’ 4 51 49 50
46 78 56" a1” 55- 857 58
a7 31 23" 22 23 29 24
9 61 28" 2s* - 'sa 45 - 4o
50 26 27" 27 s - 21" 30
51 65 s2¥ a5t 51 50 50
s2 88 76" 54" 74 71 73
53 92 78" 53" 74 75 74
54 g4 69 63 n 74 72
55 79 63" 4" 65 64 64
56 72 54" 34 56 Y 53

57 85 72* 54" 72 67 70
58 s - 35" 30 . 38 36 37
89 26 23 19 23 21 22
60 86 74" 57" 72 73 73
61 85 0" st es 69 68
62 &5 72" 52" 65 72 69
63 83 55" 34" 61 52" 58
64 53 33" 30 40 35 39
65 65 51 a’ 54 50 52
66 58 43* an* 48 4 a4
67 15 13 13 15 11 13
68 81 63t 48 62 68 - 64
60 18 Yy 38" 56 56 56
70 70 . 50 38" 53 52 53
71 74 58’ Y 61 53" 58
72 65 49" 45 53 53 53
73 88 788 et 74 79 76
ko, 02 246 254 247 484 263 747
pPupils :

The difforences between Ability Group 1 and Ability Group 2, between
Ability Group 2 and Ability Group 3, and between boys and girls for
i{ndividual questions have been tested; these marked * are signifisant
at the 8 per cemt level. ' '
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TABLE 4,11
(1979) Facility values for Chemistry questions in simplified form.

Question Ability Group Total
Number 1 2 3 BOYB Girls 8ample
44 27 27 30 28 28 28
* * ’ *
45 65 45 26 48 40 45
x* *® :
46 75 57 3s 59 52 57
47 a3 29 24 29 23 - 29
. L » . » . .
9 64 48 36 .81 47 49
| . " .
50 36 25 24 33 - 20 28
* *
51 64 52 40 53 50 52
» ]
52 87 73 48 73 62 69
E
53 92 86 63 80 82 81
] ]
54 85 75 - 63 76 73 5
*®
55 76 70 59 68 69 69
»
56 00 84 62 83 n* 79
® ®
57 83 " 55 72 64" 70
' ]
58 56 35" 34 44 36 45
59 21 19 19 20 19 20
* = '
60 83 71 54 71 66 69
]
61 77 68 a7 67 so* 64 -
, * * .
© 62 82 73 58 71 72 71
| * * *
63 70 48 30 54 42 50
. » »
64 57 35 23 40 37 39
: | ]
65 7 54 45 Y 57 57
| ] *
66 - 668 40 38 51 43 49
. |
67 17 9 9 14 7 12
. * N
68 . 86 78" 57 73 75 73
: . * .
60 . 69 53 30 54 49 .52
_ » » .
70 77 68 46 63 65 64
' o
71 .15 54" a5 58 48 85
. * "
72 67 54 a9 54 53 54
. *®
73 85 82 67 79 7% . 78
Nusber of 259 244 284 503 254 757
Pupils:

The differences botween Ability Group 1 and Ability Group 2, between Abllity
Group 2 and Ability Group 3, and between boys and girls for individual questions
have been tested; these marked * are sipnificant at the 5 per coent level.
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TABLE 4.12 :
(1q79) Differences in fancility values hetween simplified and original
forms of chemistry question,.

Question ' Ability Group ) Total
Nunber b 2 3 Boys Girls Sample
W i
44 =15 + +13 + 1 0 + 1
* * *
45 +1 -2 -15 -3 -9 -5
46 -3 +1 -3 o -5 -1
47 a2 e +2 458 -1,  +5
49 3 o -2 o +2 )
50 0 -2 -3 -2 -1 -2
51 -1 0 + 5 + 2 0 + 2
52 -1 -3 -6 -1 -9 -4
‘ * "> *
53 0 + 8 +10 + 6 + 7 + 7
54 o+ 1 + 6 (o) + 8 -1 + 3
» ‘ »
55 - -3 +5 +10 +3 + 5 S +5
: . » : »
56 +18" +30° +28 +27 +23" +26
57 . . =2 -1 +1° 0 -3 o
58 +8" 0 44 +6 0 +8
59 .- 5 + 4 0 « 3 - 2 -2
60 .- 3 -3 -3 -1 27 - 4
* *
61 . -8 - 2 - 4 -1 -10 -4
82 -3 + 1 + 6 + 3 0 -2
- » » »
. 63 «13 -7 -4 -7 <10 -8
64 + 4 +2 -7 . 0" (o]
65 + 6 +3 . +4 3 +5
_ . , .
66 - + 8 -3 . + 7 5 5
67 + 2 -4 -4 -1 - -1
- .. * . »
68 + 5 +13 + 9 +10 -7 + 90
» .
69 -9 + 4 -6 -2 -7 -4
) L * » * -
. %70 + 7 +18 + 8 +10 +13 +11
71 +1 -4 -7 -3 -3 -3
72 + 2 + 5 -6 +1 o . +1
73 -2 + 4 + 7 +5 -3 + 2
. . ‘ o .
Differences statistically significant at the 5 per cent level. 15“‘



Inspection of Table 4.12 shows that, when
statistically significant differences only are taken
into account, the items may be placed into the
following groups:- |
(a) No change in facility values

Nos. 46, 49, 50, 51, 54, 57, 59, 60, 62,

e4, 67, 71, 72, 73.

(b) Change in the hypothesised direction, that
is, simplification leads to a significant
rise in facility value: Nos. 44, 47, 63,

55, 56, 58, 65, 66, 68, 70.

(c) Change in the opposite direction to that
hypothesised, that is, the attempted
simplification makes the question harder :

Nos. 44, 45, 52, 61, 63, 69.

The Appendix M shows each item in its two forms
and includes information on the differences resulting
from the simplifications made with particular reference
to the data in Table 4.12.

4.12 Discussion and Conclusions

Clear evidence has been produced in both the
1977 and 1979 exercises to show that the two main
samples of pupils who attempted Test X and Test Y
were closely matched on the variables which had been
taken into account.

Analysis have been made of the facility values
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for all the Chemistry multiple choice items in their
original form and in a revised simplified form. It
is assumed that because the two groups of pupils were
Closely matched, differential performances are due to
the changes made to the question and not to the
characteristics of the pupils.
Bearing in mind the hypothesis for this chapter
in general on both the 1977 and 1979 exercises -
(i) there was clear evidence that ability to
respond correctly to the Chemistry questions
is associated strongly with verbal ability
since higher verbal ability groups achieve
higher facility values than the lower groups:
this is true for the questions in their original
form and when simplified.
(ii) simplification of items materially helped
the less able as well as the girls without
impairing the general efficiency of the test

as a measuring instrument.

(iii) from the 1977 exercise higher social class
groups achieve higher facility values in
chemistry questions than lower social class
groups.

The effect of the alterations made to the
original questions in order to simplify them are

discussed in detail in Appendix I and Appendix M and
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conclusions drawn are necessarily tentative.,
Performance in multiple choice chemistry
questions seems to be influenced by
(1) Words 1
If a non-technical word that needs to be
understood to answer the question is replaced
by a word that is more easily understood then
there is an improvement in performance
(1977: 46, 47, 51 and 1979: 56, 58, 68).
If any word is capable of being misinterpreted
then this influences performance (1977:69).
(2) Negatives 3
If a negative expression is removed, there
can be an improvement in performance.
(1977: 56 and 1979: 70, 44).

(3) Bits of Information

If extraneous bits of information are

removed performance improves (1977: 62, 63

and 1979: 55, 53) but if bits of information
are removed to such an extent that the question
becomes more abstract then performance deter-
iorates (1977:60). If the bits of information
are arranged in simple sentences instead of
longer sentences with embedded clauses, then
performance improves (1979: 65, 47). If the

item consists of information and a question,
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performance seems to be improved by not
separating the question from the responses

by the insertion of information (1979: 66, 65).

On the other hand the removal of certain words
that were considered to be pompous had little effect
(1979s 59, 60, 62, 73). This is unlike the Scottish
experiment and may reflect on the greater ability of
the JOJMB candidates. Changing questions from passive
voice to active voice also had little effect (1979:
46, 49, 50). The balance between precise formal
language and difficult pompous language is delicate
as is the balance between simple accurate language
and brief compressed language. But why do some changes
in the language of a question influence performance and
other changes have no influence?

A possible interpretation may lie not in the
superficial change of the question but in the possible
influence of the change on the thinking necessary to
solve the problem. If the change either reduces the
number of thinking stages ((2) & (3) above) or makes
the thinking easier ((1) & (3) above) then performance
is improved - if on the other hand the change does
not influence the thinking then there is no influence
on performance.

These conclusions are in essence the same

as the conclusions for the Scottish exercise
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(section 3.6) and this suggests that the observed
changes in performance do not arise out of regional
factors, such as dialéct or school organisation. The
similarity in the findings may give some support to the
idea that the factor that is affecting performance in
multiple choice questions is the influence of language

on the internal processing or thinking necessary to

answer the question.
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CHAPTER 5

The Chemical Society Experiment

The Understanding of Non-technical Words in Science

5.1 Introduction

This investigation is an expansion of one of
the areas touched upon in both Chapters 3 and 4,
namely the understanding of non-technical words in
science. In education the principal means of
communication is by words; words spoken and written.
Whether the teaching is didactic or discursive teachers’
use and pupils understanding of words is of prime
importance. 1In the previous two chapters there are
a number of examples of the influence of pupil under-
standing of words on their performance in matched
multiple choice questions. Here are some examples.
(a) Replacing words in key positions improves

performance

*least stable® replaced by ‘easiest to break
down' (Table 3.4)

‘pungent® replaced by °‘choking’

(Appendix I No. 46)

(b) Changing possible pompous non-technical
terms improves performance ‘tendency to
predominate®, 'distinguish visually®
(Table 3.5) 'fused', ‘'appreciable electrical

conductivity' (Appendix M No. 58, 68).
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(c) Expressions of quantity or order influencing
performance 'most abundantt', ‘'least abundant®

(Table 3.8) ‘'increasing', 'decreasing'

(Appendix M No. 56).

Thus even in matched multiple choice questions
investigations (160)(16i) show that scores in these
questions can be improved by minor, often one word
changes. In individual questions two of the types

used in chapters 3 and 4 indicate the importance of

words.

(a) The disparity between author and pupil
choice of appropriate vocabulary ‘'encountered’,
‘come across', ‘'effervescence', ‘'bubbles’
(Table 3.16 s 3.17)

(b) The understanding of certain non-technical

words (Tables 4.1, 4.3, 3.14).

The latter questions are based on work done
by Gardner (12) in the early seventies as part of the
Australian Science Education project.

He found that many words beloved of science
teachers were just not accessible to their pupils.
The project included the testing of 599 words.

The words are amongst the 20,000 most frequently
encountered words of English listed in Section 1 of
Thorndyke and Lorge (155). All the words had

survived a four-phase selection, rating, discussion,
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and re-rating procedure involving science teachers and
educational researchers and are rated as essential or
valuable for school science pupils. The words are
deemed to be non-technical words and did not include
physical concepts (e.g. force), names of chemicals,
processes, apparatus etc. The words were tested in
multiple choice test items of various kinds (Appendix
N). 1In general the distractors required a low level
of discrimination. Over 7,000 pupils in 270 classes
in 39 different schools contributed data and the results
were published in 1972 (142).

At the Education Division conference 'Research
for the Classroom and Beyond' at Loughborough in July
1977, it was proposed that the Chemical Society should
conduct a similar investigation in Britain but with a
ma jor modification. Gardner's findings were based on
the results of only one gquestion testing each word
and from my findings with matched multiple chqice
questions it seemed to me that the meaning of é
word was dependant on its context. It was the
relationship between words which gave words meaning,
and this did not seem to be accounted for by the one
question technique of Gardner. In addition his approach
did not reflect on the apparently sensible ideas

discussed previously (Section 1.5) for example
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(a) Vygotsky (82) who reported that there seemed
to be degrees of understanding of a word and
as one became more familiar with a word there
was a narrowing of the range of meaning from
a generalised meaning to a more specific
meaning

(b) Luria (81) who used the expression *multi=-
dimensional matrix of connections between
words*' in our own vocabulary, implying that
our understanding of words depends on our
understanding of other words.

It was for these reasons that in the Chemical

Society experiment it was proposed to try to test each

of Gardner's 599 words by several questions. It would

require the active involvement of many teachers in
secondary and tertiary centres not just receiving
multiple choice questions and administering tests

but also preparing questions to test word knowledge

and then returning results for processing. The

proposal was accepted and notices inviting interested
people to participate appeared in various Chemical

Society publications (162)(163)(164)(165).

The Scottish Experiment and JMB Experiment,.
described in Chapters 3 and 4 respectively are fairly
precise experiments involving selected schools,

designed questions, using common control questions,
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and adopting procedures to try to achieve matched

samples. This Experiment, by involving other volunteer

people in preparing questions and administering tests,
lacks this type of precision. It is a kind of field
research, not contrived, and perhaps close to reality
because it is based on responses of real pupils to both
good and bad questions designed by real teachers and

as reported in Section 2.4 it did generate a considerable

amount of interest in the large number of establishments

involved in the experiment.
The hypotheses that are to be considered in

this chapter are as follows

(a) Gardiner's findings are in the main appli-
cable to Britain.

(b) The meaning of a word is not absolute but may
vary from a general meaning to a more precise
meaning.

(c) A combination of words may result in an
expression with a difficult meaning.

(a) The meaning of a word depends on its
connotation and its context.

(e) A word in a scientific context is harder
to understand than the same word in a non-
scientific context.

As in the Scottish and JMB Experiments it is

hoped that these hypotheses may lead to a clearer



understanding of the influence of language on the

internal thinking process.

5.2 The 1977-78 Investigation
5.3 Administration

In the schools exercise interested participants
were given (a) approximately 24 words with questions
from the Australian exercise, (b) approximately 24
words for which participants had to design their own
questions, (c) instructions for administering the test
and completing the response sheets. There were twenty-
six tests. It was hoped to end up with about 500 words
tested in several question matrices on the whole age
range of secondary school and over a wide distribution
of places in the U.K.

In the tertiary exercise participants were given
questions for the 51 words (see Appendix 0) which had
proved the most difficult in Gardner's survey and some
instructions for administering the test and returning
the data,

The school exercise included some sixty schools
and approximately 15,000 pupils. The tertiary exercise
included 12 establishments and 800 students.

5.4 Results and Discussion

(a) Tertiary Exercise

Although the mean facility values for all

groups (Table 5.1) are high, it must be
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remembered that the questions are designed
to be easy and the tertiary students should be
our most able citizens. A figure of 80%
means that one student in five does not under-
stand that word in that question and Tables
5.2, 5.3 and 5.4 indicate from the original
fifty-one words (see Appendix O) those which
may cause problems for certain students.

The results also give a possible indication
of the added difficulties facing students who

have English as a second language.

164



TABLE 5.1

Mean Facility Values for Tertiary Groups

No. in Sample Facility

Values
University Students : English first language (131) 91
" " : English second language ( 11) 84
Technical Coll Stud "t English
ege Students 1ng sh first ( 65) 90
anguage
" " " : English second
language (31 80
Teachers in Training in Great Britain (287) 89
Teachers in Training in West Indies ( 55) 81
TABLE 5.2
University Students

Words which fewer than 80% of students got correct
(A) English First Language (% correct)

average 78 criteria 51

converse 13 postulate 26 (5

valid 63
(B) English Second Language (% correct)

average 63 rate 72

converse 18 spontaneous 72

convert 72 valid 54

efficient 72 criteria 72

illustrate 72 postulate 36 (10)
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TABLE 5.3

Technical College Students

Words which fewer than 80% of students got correct

(4)

(B)

English First Language (% correct)

average 69 propagate 78 criteria

converse 13 valid 41 postulate

English Second Language (% correct)

associate 74 diversity 74 rate

. average 77 effect 77 relevant
concept 70 efficient 61 simultaneous
contrast 70 factor 67 spontaneous
converge 74 illustrate 74 standard
converse 41 incident 74 stimulate
correspond 54 logic 77 valid

disintegrate 67 probability 70 criteria

TABLE 5.4

Teachers in Training

Words which fewer than 80% of students got correct

(A)

(B)

In Great Britain (% correct)

average 76 criteria 74 incident

converse 14 postulate 19 -~ propagate

In West Indies (% correct)

average 72 factor 78 simultaneous
contrast 78 illustrate 78 spontaneous
converse 47 incident 63 valid

correspond 79 neglible 79 criteria
diversity 69 probability 56 postulate
effect 70 propagate 72 symmetrical
efficient 78 rate 74 theory

16

58
38

69
79

(6)

hypothesis 64
postulate 16
substitute 77
symmetrical 64

theory 25
(29)

theory 77

valid 58
(21)



TABLE 5.5

Number of pupils taking each original test.

Test 1 2 3 Yle 5 6 7
1 151 198 290 254 94 113 10
2 256 103 90 108 28
3 121 287 303 164 132 37 25
4
5 165 160 217 187 96 69 76
6 29 73 155 98
7 59 173 36 44
8 195 282 250 219 56 30 10
9 25 77 221 95 80 13
10 53 55 71 42 13 7
11 87 224 286 123 15 24
12 371 389 209 180 53
13 35
14 153 159 82 88 39 3
15 98 269 273 77 73 12
16 74 71 140 78 5
17 160 246 196 126 12
18 249 103 195 59 5
19 186 150 129 66
20 148 116 17 5
21 78 82 69° 58 45
22 54 138 98 18
23 107 145 237 59 107
24 93 125 84 35
25 42 131 77 75 14 11
26 31 79
Total 2250 3500 4160 2667 1082 494 144
TOTAL: 14,297
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Table 5.5 gives an indication of the large
administrative problem. Some words were not tested by
all the age range, some words were not tested at all,
and some tests were conducted on one age group only.
There would be difficulties in comparing British
results with Australian results because if one school
only was included in a test it may not have been
typical of British schools. However, when tests
involving large numbers of pupils in more than one
school were considered, the British findings were
similar to the Australian findings.

Table 5.6 shows a section of the results from
Test 12, in which the British results are compared to
the Australian results. The percentages correct are
similar and P.L. Gardner's findings (see Appendix P)
in the main may well be applicable to the British
situation.

It is possible to pick out, within the
administrative limitations, those words which cause
pupils difficulty.

Tables 5.7 - 5.10 contain a large number of
words, many of which we probably (erroneously) assume

the pupil understands.
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‘TABLE 5.6

" Comparison: Australian and British Results
Year

Word 1 2 3 4
Invert 88 90 95 93 Australian)
91 94 97 100 British )

Instant 91 93 94 a5

93 96 97 98

Instantaneous 7 84 92 96

80 88 87 98

Instrument 88 88 94 94

86 88 93 96

Intake 71 82 85 92

75 78 87 97

Intelligence 89 89 91 94

‘ 84 91 96 95

Interfere 91 93 95 94

88 90 95 98

Internal 79 86 93 94

77 82 91 97

Interpret 56 67 77 83

: 55 61 79 91

All figures are percentage correct.
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TABLE 5.7

First Form List

Words which fewer than 70% of First Form pupils got correct.

abundant
accumulate
action
adjacent
adjust
agriculture
algebra
alternate
analysis
angle

arid

ascend
audible
average
column
complex
composition
concept
cogception
conical
constituent
consume
continent
contrast
convection
converse
correspond
crude
descendant

devise

diagnose
diameter
disintegrate
disperse
displace
distinct
distribute
diversity
dominant
effect
efficient
enable
equivalent
erect
error
essential
estimate
evacuate
exact
exception
excess
excite
exclude
exert
external
factor
£ilm

fog
fundamental

generate

illustrate
incident
incline
initial .
interpret
invert
involuntary
latitude
layer

leaf

leak
liberate
limit
linear
logic
lubricate
magnitude
majority
modify
negative
negligble
neutral
omit
outline
partial
percentage
permanent
perpendicular
phenomenon

plot
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positive textbook

preparation transform
primitive
probability
propagate
proportion
random

rate

recoil
reference
reflect
regulate
relative
retard

revise

row

section

simultaneous
spontaneous
stagnant
standard
stimulate
submerge
substitute
suckle
summary
switch
symbol
system

tabulate

(122)



TABLE 5.8

Second Form List

Words which fewer than 70% of Second Form pupils got correct.

abundant

action
arid
ascend
audible
average
complex
concept
concebtion
constituent
continent
contrast
convention
converse
correspond
descendant
devise
diagnose
diameter

disintegrate

disperse

displace
distribute
diversity
dominant
external
factor

£film

fog
fundamental
incident
incline
initial
interpret
invert
involuntary
latitude
layer

leaf

leak

liberate

limit
linear
logic
‘lubricate
magnitude
negative
negligible
neutral
omit
outline
partial
percentage
phenomenon

positive

probability

propagate
random
rate

recoil
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reflect

regulate
revise

row
section
simultaneous
spontaneous
stagnant
standard
stimulate
substitute
tabulate

transform

(73)



TABLE 5.9

Third Form List

Words which fewer than 70% of Third Form pupils got correct.

audible
average
concept
conception
constituent
continent
convention
converse
correspond
descendant

diagnose

disintegrate

displace
distribute

diversity

external
factor
£film
fundameﬁtal
incline
invert
latitude
layer
leaf

leak
liberate
limit
linear
logic

lubricate
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magnitude
negative
negligible
omit
propagate
random
rate

recoil
regulate
revise

row

section
simulténeous
spontaneous

stagnant

standard

stimulate

substitute

tabulate

(49)



TABLE 5.10

Words which fewer than 70% of Fourth Form pupils got correct

converse
correspond
disintegrate
diversity
factor
latitude
layer

leaf
liberate
limit

linear

logic
lubricate
omit

rate
simultaneous
spontaneous

standard
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(c)

The Questions

One of the ideas behind the Chemical Society
exercise was to invqlve people in designing
their own questions to check word understanding.
There may be difficulty in trying to put a
precise percentage on the level of under-
standing of a word because the question itself
may have an influence on the percentage
correct,

Which words cause pupils difficulty
irrespective of the question used? From the

data received it was not easy to find examples

.of this. The three questions testing

"fundamental" were one of the few examples.
Even restricting the search to tests which
involved large groups of pupils it was easier
to find examples where the difficulty level
altered because of the influence of connotation

or context.
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FUNDAMENTAL

Some students were studying the fundamental laws of physics

A. old

B. modern and newly discovered

C. difficult and hard to Number of pupils
understand
Percentage correct

D. easily explained

E. most important

Iron is Fundamental to life:

A, iron can kill living things
B, iron stops living things

from growing Number of pupils

C. all living things must

Percentage correct
have iron

D, life is difficult without
iron

The Fundamental property of a knife is that it:

A. 1s made of metal
B. is longer than a fork

C. can cut things Number of pupils

D. has a pointed end and a - Percentage correct
handle
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Form
1-2
108

58

Form
1-2
51
49

Form
1-2
51
60

Form
3-4
113

74

Form
3-4
232

65

Form
3-4
84
61



1

)

Connotations

One word often has a number of connotations

and it would be wrong to assume because a word

is understood in one situation then it will be

equally well understood in other situations.

Consider the following examples based on the

words "index", and "reverse" where large

changes in the percentage correct have been

found.

Index

Here is part of a science book: Absorption, 221

This is called:

A, a text

B, a title

C. a dictionary
D. an index

E. the page numbers

Which of these is the
Index finger?

A
B
[~

D
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Acids, 257

Action & Reaction, 84
Adaptive Features, 38
Adhesion, 94

Air, 151-154

Alkalis, 258
Anaerobic Respiration
Animal Identification
Ascent, of water, 62
Atomic Number, 62

Bacteria, 223
Bases, 258
Berlese Funnel, 34

Form

1-2

Number of pupils 311
Percentage correct 90
Form

1-2

Number of pupils 108
Percentage correct 58

, 135
y 30

Form

359
93

Form

112
68



Reverse

A 8 '
-\:i‘ rz:’. Form Fornm
+ -,

1-2 3-4
Number of pupils 126 110
Percentage correct 51 78

When a battery, as in the diagram, has its connections Reversed,

you have to:

A, remove A from the + side and B from the ~ side
B. join B to the + side and A to the - side
C. Join A to B

D. Jjoin + to -

When you reverse a car, you:

go in a circle

. go faster

slow down and come to a stop

c aQ w »

. go backwards

Form Form

1-2 3-4
Number of pupils 336 193
Percentage correct 90 91
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Context/Precision

From the data received, questions designed to
test the same word with the same meaning

produced different results. Part of the
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reason for this was the context in which the

word was used related to the degree of dis-

crimination or precision required of the pupil.

Consider the following examples.

Naked

The lady was naked,

She:~

A, had no clothes on
B. was beautiful

C. was not clever

D. had only a few clothes Number of pupils
E

. was absent
Percentage correct

A candle usually has a naked flame.

A. very weak

B. not covered

C. orange-coloured

D. slow burning Number of pupils
Percentage correct

Law

Lay down the law means:-

A, discuss
B. put the piece of
paper down

C. argue Number of pupils

D. give orders Percentage correct

Scientific laws are:-

A. 1laboratory rules

B. acts of Parliament

C. instructions on how
to write up an Number of pupils
experiment

D. facts we have learnt
~from experiments L

Percentage correct

Form

59
95

Form
1-2
98
75

Form
1-2
392

74

Form
1-2
221

39

Form

60
100

Form
3-4
541

78

Form
3-4
131

80

Form

161
72



Standard

In England there is a metal bar which is called 1 yard long.
All other 1 yard rulers in the world are supposed to be exactly

equal to this length. The metal bar in England is:-

A. a factor of length Form Form
B, an estimate of length 1-2 3-4
C. a duplication of length Number of pupils 51 246
D. a standard of length Percentage correct 48 60

A can of Jjuice must contain at least 350 ml of liquid.
Which can is not up to standard?

A. which contains 348 ml Form Form
B, which contains 350 ml 1-2 3-4
C. which contains 352 ml Number of pupils 29 62
D. which contains 363 ml Percentage correct 90 93
Argument

A man 1s having an argument with his wife over
which TV programme they should watch,
They had a:-

A. friendly chat Form Form
B. difference of ideas 1-2 3-4
C. quick check Number of pupils 143 149
D. 1long talk Percentage correct 84 92

John explained his views by careful argument

He: -

A, shouted Form Form
B. provided evidence 1-2 3-4
C. made measurements Number of pupils 201 106
D. became annoyed Percentage correct 50 59
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5,5  The 1978-79 Investigation

In the light of the experience gained in the
first year of the experiment, it was decided in the
second year to test the most difficult words from the
first year, in as many different situations as possible.

5.6 Administration

The 160 most difficult words from the first
year of the investigation were divided into four tests
each of 40 words and groups of teachers were invited
(165) to prepare questions for these words and to test
them with as many pupils as possible. There was an
obvious advantage in organising this operation on an
area basis so that a college with its "satellite"
schools could share the burden of question writing and
could organise even coverage of all age groups.

Interested participants were given in addition

to a word list

(a) an instruction sheet (Appendix Q)
(b) examples of types of questions (Appendix N)
(c) instructions for completing the response

sheets (Appendix R)
Results were received from twenty-five

working groups and included over 10,000 pupils.
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5.7 Results and Discussion

The following tables, one for each test, list
the scores (% correct) obtained from each participating
group; they also show the mean of these scores; and
the range of scores for each word.

The results are from Third Form pupils. These
were chosen as a ‘'middle cut' in the whole population

to reduce the length and complexity of this chapter.
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TABLE 5,11

182

Test 1
Word Percentage correct Mean Range
abundant 34, 57, 82, 83, 100 71 66
adjust 71, 74, 82, 91, 100 83 29
annual 66, 84, 91, 100 85 34
average 68, 70, 90, 100, 100, 100 88 - 32
capable 77, 77, 98, 98 87 21
classify 66, 66, 84, 100 79 34
complex 27, 57, 75, 88 61 61
- conception 36, 65, 66 55 30
constituent 64, 70, 80 71 16
contrast 13, 77, 77, 91 64 64
converse 24, 42, 63, 74 50 50
crude 48, 64, 85, 86 70 38
descendant 67, 69, 86, 90, 92 80 25
disintegrate 22, 40, 40, 63, 85 50 63
diversity 33, 60, 78, 79, 98 69 65
emit 21, 47, 58, 58, 59, 79 53 58
estimate 66, 82, 83, 86, 91, 94 83 28
excite 65, 85, 89, 91, 95 85 30
external 44, 61, 84, 88, 94 74 50
film 70, 70, 85, 95, 98 83 28
grain 38, 89, 91, 95 78 57
illustrate 47, 54, 83, 86, 92 72 45
initial 42, 60, 72, 72, 87, 96 71 54
isolate 64, 74, 80, 82, 84, 91, 98 81 34
lubricate 51, 57, 75, 79, 84, 85, 96 75 45
maximum 55, 79, 80, 96 77 41
naked 72, 85, 90, 95, 97 87 25
obvious . 71, 80, 81, 96, 100 85 29
percentage 56, 75, 86, 89, 94 80 38
plot 69, 75, 85, 88, 100, 100 86 31
probability 54, 60, 82, 93, 100, 100 81 46
random 45, 65, 72, 79, 81, 93 72 48
reflect 76, 77, 82, 93, 96, 100 87 24
repel 49, 74, 91, 96, 96 81 47
row 44, 65, 66, 68, 91 66 47
sequence 66, 70, 74, 100 77 34
stagnant 51, 66, 67, 72, 78 66 27
suspend 44, 54, 85, 87, 100 74 56
tabulate 30, 31, 41, 71, 79, 86 56 56
treatment 75, 83, 86 81 11




TABLE 5.12 183
Test 2

Word Percentage correct Mean Range
action 78, 93, 95, 96, 98 92 20
alternate 65, 77, 80, 93, 97 82 32
appropriate 51, 91, 94, 98, 98, 100 88 49
associate 76, 83, 92, 95, 96, 96 89 20
characteristic 39, 61, 75, 75, 100 70 61
component 33, 63, 88, 89 68 56
consecutive 71, 77, 80, 80 77 9
continent 15, 63, 87, 99 66 84
convention 47[ 52, 58, 68, 73 59 26
crest 45, 67, 70, 87, 94 72 49
deflect 84, 85, 88, 91, 92, 94 89 10
device 41, 75, 82, 86, 92, 94 78 53
diagnose 45, 68, 84, 91, 92, 93 78 48
displace 26, 35, 48, 67, 77, 89 57 63
effect 28, 77, 80, 87, 87, 92 75 64
erect 56, 63, 73, 79, 88, 94 75 38
exact 57, 8, 89, 91, 93, 95, 96 86 39
exert 47, 60, 63, 69, 73, 85, 90 69 43
fundamental 17, 59, 61, 66, 76 55 59
impact 47, 60, 69, 97 68 50
incline 8, 31, 69, 73, 78 51 70
limit 54, 73, 73, 86, 89, 91 77 37
linear 32, 37, 44, 69, 75, 79, 81 59 49
modify 66, 70, 76, 81, 85 75 19
negligible 20, 25, 27, 42, 54, 66 39 46
outline 78, 81, 83, 89, 95 85 17
perpendicular 36, 52, 70, 73, 75 61 39
previous 66, 71, 89, 90, 93, 96, 100 86 34
propagate 16, 41, 47, 50, 50, 59, 81 49 65
recoil 16, 40, 53, 61, 62, 96 54 80
relative 24, 74, 81, 83, 96 71 72
retard 9, 34, 50, 72, 83, 87 55 78
sense 71, 73, 92, 94, 94, 98 87 27
source 55, 63, 67, 85 67 30
standard 41, 55, 91, 94 70 53
submerge 48, 75, 86, 86, 100 79 52
symmetrical 36, 44, 56, 74, 79, 100 64 64
theory 52, 71, 73, 76, 85 71 33

88, 91, 91, 100 92 12

vital




TABLE 5.13 184

" Test 3
Word Percentage correct Mean Range
ability 89, 96, 100, 100 96 11
adjacent 77, 85, 89, 97 87 20
analysis 82, 88, 100, 100 92 18
audible 52, 55, 65, 76, 78, 100 69 48
calculate ‘ 85, 93, 93 90 8
column - 67, 77, 78 74 11
concept 54, 61 57 7
consistent 65, 86 75 21
contract 17, 74, 85 58 68
converge 59, 68, 92, 93 _ 78 34
criticise 40, 60, 90, 92 70 52
degree 59, 88, 96 81 37
diameter 74, 75, 88, 93 82 19
distinct 69, 78, 93, 98, 98 87 29
efficient 55, 58, 80, 85, 89, 89 76 34
essential 67, 75, 81, 91, 95 81 28
excess 29, 61, 77, 86, 95 69 66
expose 63, 90, 91, 100, 100 88 37
factor 32, 70, 80, 84, 100 73 68
function 73, 83, 98 84 25
generate 69, 72, 77, 96 78 27
illuminate 76, 79, 92, 96 85 20
influence 47, 86, 96 76 49
involuntary 42, 62, 81, 88, 93 73 51
magnitude 32, 47, 71 50 39
minimum 79, 81, 85, 100 84 27
negative 61, 77, 84, 97 79 36
omit 42, 52, 88, 92, 93 73 51
permanent 84, 88, 89, 96 89 12
preparation 60, 72, 85, 93, 96, 100 84 40
process 60, 88, 91, 93, 100, 100 88 40
rate 47, 65, 75, 95, 100 76 53
regulate 64, 79, 79, 93, 96 82 32
residue 60, 68, 77, 83, 86 74 26
section 66, 79, 93, 96, 98 86 32
simultaneous 42, 57, 84 61 42
stain : 79, 95, 100 91 21
symbol 83, 90, 94, 96, 100 92 17
temporary 65, 88, 95, 99, 100 89 35

uniform 77, 85, 93 85 16




TABLE 5.14
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Test 4
Word Percentage correct Mean Range
accumulate 60, 72, 90, 100 80 40
agent 56, 86, 87, 96, 96 84 50
aperture 42, 43, 57, 85, 90 63 48
arid 30, 33, 51, 60, 71, 72, 98 59 68
coincide 38, 56, 67, 69, 100 66 62
composition 72, 76, 86, 95 82 23
conical 74, 75, 75, 86 77 12
consume 77, 77, 87, 91 83 14
contribute 87, 88, 90, 90, 96 920 9
correspond 31, 76, 84, 85, 89 73 68
decay 82, 85, 88, 92, 93, 94, 100 90 18
detect 46, 72, 75, 89, 93, 98, 100 81 54
devise 66, 71, 78, 86, 89, 97 81 3-
disperse 55, 75, 76, 79, 93, 94 78 39
dominant 57, 68, 71, 80, 84, 99 76 42
enable 69, 69, 70, 80, 80, 82, 98 78 29
evacuate 16, 54, 63, 80, 95, 95, 96 71 80
exclude 26, 81, 85, 88, 91, 92, 94 79 68
fog 77, 17, 77, 91, 94, 100 86 23
immerse 46, 48, 63, 78, 96 66 50
incident 23, 71, 81, 91, 94 72 71
interpret 53, 79, 88, 89 77 36
liberate 19, 37, 56, 67, 68, 71, 82 57 63
logic 63, 72, 73, 74, 90, 96 78 33
multiple 61, 80, 81, 85, 90, 97 82 36
neutral 76, 77, 79, 80, 87, 97 82 21
partial 68, 71, 85, 85, 87, 88 80 20
phenomenon 39, 64, 65, 69, 85, 86 68 57
primary 50, 60, 74, 86, 92, 100, 100 80 50
proportion 68, 75, 85, 85, 86, 91, 98 84 30
reference 71, 72, 75, 75, 86, 88, 96 80 25
relevant 43, 61, 75, 84, 85, 87, 95 75 52
revise 9, 48, 66, 70, 88, 94 62 85
sensitive 49, 87, 90, 92, 92, 98 84 49
spontaneous 15, 42, 59, 61, 70 49 55
stimulate 37, 48, 54, 76, 92 61 55
substitute 42, 49, 86, 88, 91, 93 74 51
system 52, 69, 81, 90, 91, 93 79 41
thrust 59, 64, 77, 81, 85, 92 76 33
valid 42, 63, 76, 77, 88 69 46




TABLE 5.15

Range of Scores

Different Number of words
Range (%) in this category
0 - 10 5
11 - 20 19
21 - 30 29
31 - 40 33
41 - 50 28
51 - 60 19
61 - 70 20
71 - 80 5
81 - 90 2
91 - 100 o
0 - 100 160
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The variation in the scores for each word in
a test includes results from the first year of the
exercise (i.e. every question designed to test a
particular word has been included,)

The most striking feature of these four tables
is the magnitude of the range of the scores for most
of the words; very few of them having a range as
small as ten per cent or less (see Table 5.15).

What reasons could there be for some of these
large ranges of scores for questions testing the same
word?

The possibility of factor analysis (166)
on the possible variables in a question was considered
but with the difficulty in deciding the factors that
may be operating in any one question, it was decided
that a more fruitful approach may be to consider each
factor in tumm and then look at questions in which
each factor may be operating.

Three factors were considered

1 Variation between the school populations tested
2 Type of question used (see Appendix N)
3 Difficulty of the question (i.e. the number

of thinking stages and the degree of complexity

of each stage in the question).
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Type of School Population

In the 1978 exercise certain schools used
identical questions and when small samples

of fewer than thirty pupils were used gross
differences sometimes appeared. When samples
tested were larger the differences tended

to be smaller. Three examples are shown in
Table 5.16 where identical questions are

tested on large samples from different schools.
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Basic.

Inhabited,

Invert.

TABLE 5.16

" 'Identical Questions

Which is a basic thing that people do?

A. playing
B. eating
C. reading
D. swimming'
E. seeing a film
Form
1 2 3 4
School R Sample size 167 183 79 74
« % correct 92 94 - 94 97
School S Sample size 121 120 120 85
% correct 96 100 100 100
The people inhabited the forest. They
A. lived there
B. hunted there sometimes
C. made it a habit to visit there
D, 1left the forest and went somewhere else
Form
1 2 3 4
School P Sample size 90 131 70 90
% correct 88 89 94 98
School Q@ Sample size 223 206 95 42
% correct 88 96 96 98
The scientist inverted the beaker, He
A. looked inside it
B, drew a picture of it
C. turned it upside down
D. made it
E. put it inside something else
Form
1 2 3 4
School T Sample size 90 131 70 90
% correct 40 53 68 76
School V Sample size 223 206 95 42
%, correct 41 55 60 74
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In the 1979 exercise although there were no
questions which were identical, the word 'conical®' in
Test 4 was tested in a similar way. The four
independently designed versions of the question are
shown, together with the scores for third form pupils,
in Table 5.17. The range is again not large.

If the school population was the major factor
in causing the gross range of scores, then it could be
a reasonable expectation that the results from a
particular school would generally be poorer than those
of another ‘'better' school.

In Table 5.18 the results from the third form
of four different schools involved in Test 2 are
listed. Although for each word there are some gross
variations in the scores, it is not always the same
school that has the lowest scores nor the same school
with the highest scores. School L has the highest
average score but in five out of the 24 words it has
the lowest score. School M has the lowest average
score but in seven out of the 24 words it has the
highest score.

From the information from identical questions,
similar questions, and a comparison of schools, the
large ranges of scores for questions testing the same
word cannot be substantially accounted for by differences

in school population alone.
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TABLE 5,17

Similar Questions

Version of Question 1 2 3 4
Third Sample Size 215 179 505 95
Form Percentage correct ' 75 86 75 74

Version 1. Which one of the objects shown has a conical shape?

L6 Fo@n

¢ (o} - F

&

Version 2. Which one of these shapes could be described as conical?

L = D

Version 3. Which of the following is conical ‘in shape?

v O

Version 4. Which of the following shapes is conical?

QQY

A n

0

R D

1



Comparison of Schools

TABLE 5.18

Word School(s)

L M N o
gziggerize 290 166 20 93
action 78 96 95 98
alternate 93 77 80 65
appropriate 94 98 51 98
associate 76 96 83 92
characteristic 61 39 75 75
component 88 33 89 63
consecutive 80 80 71 71
continent 15 99 87 63
convention 68 47 52 58
crest 87 45 70 67
deflect 94 85 92 84
device 82 41 86 94
diagnose 68 93 84 45
displace 67 35 26 48
effect 77 28 92 87
erect 94 88 63 79
exact 89 93 95 96
exert 90 47 60 63
fundamental 66 61 17 76
impact 97 47 69 60
incline 69 78 31 73
invert 65 36 42 54
limit 54 86 89 73
linear 37 69 44 32
Average score 74 67 68 71




2 Type of Quésfion Used

In the information sent out to participating
centres there are six types of question given as
examples (see Appendix N)

Recognising a Synonym

Instance Recognition

A
B
C Diagram Recognition
D Content Usage
E Sentence Completion
F Gap Filling

It could be argued that the range of scores for
individual words could be accounted for by the type of
questions in which they were tested.

A selection of words which were tested in a
variety of question types are shown in Table 5.19.
The scores are those of third formers. There is a
variation of score for a given word in a variety of
question formats but no clear pattern emerges to suggest
that any particular type of question poses special
problems. Indeed the average scores for all types
(except E, for which a few samples were available)
are remarkably similar.

Although some of the range in the scores
in Tables 5.11 %0 5.14 can be accounted for by
variations in schools and question type, these may not

be the major factors. Other factors within the questions

may be significant contributors.

193



TABLE 5,19

Type of Question

Type of Question

Word Tested

A B C D E F
arid 71 51 60 72
coincide 67 100 56 69
contribute 920 920 87
correspond 76 24 89 84
detect 100 72 98 89
devise 89 71 66
disperse 55 79 76
dominant 71 80 84
evacuate 63 95 54
include 88 91 81
fog 91 94 77
immerse 96 46
incident 91 94 75
logic 72 74 63
multiple 97 90 81 61
partial 87 88 68 85 71
phenomenon 39 69 64 85
primary 74 100 60 86
proportion 91 85 75 85
spontaneous 15 59 42
Percentage correct 76 82 72 76 75

'average'
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Difficulty of the Question

(A)  Connotation 1

One word often has a number of connotations
and it would be wrong to assume that because
a word is understood in one situation it
will be equally well understood in other
situations. Consider the examples of
‘grain', 'primary*' and ‘correspond®’, on the
following pages. The differences in scores
are large and perhaps in the 'correspond’
examples the percentage correct in the last
version is influenced not only by the
connotation but also by the fact that it

is a 'context usage' type of question and
the difficulties may be cumulative. 1In
ather words the first version of the
question testing ‘correspond' is a

sentence completion type. To arrive at the
correct answer each response has had to be
used in turn in the question and a decision
made about which was the most appropriate.
In the last version of the question on
‘correspond' not only has the connotation
of the word been changed to a less

familiar use of the word but it is also

in a ‘context usage' type of question
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GRAIN

requiring each response to be read,
understood, and compared with three other
very different responses. It may be that

this increase in the cohplexity of the

thinking is responsible for the gross

differences in the results.

Which of the following is a grain?

A,
B. 1-2  3-4
C. Number of pupils 340 278
D. Percentage correct 85 88
E.
The class talked about the grain of different
rocks. They talked about :
. the colours Year Year
. the shapes 1-2 3-4
. where the rocks had Number of pupils 300 236
come from Percentage correct 49 52
D. how big the pieces in

the rocks were

how old the rocks were

196

Year
5~6
39
52



PRIMARY

The people decided that the town needed
a primary school. It needed:

A.

B.

a school for young
children

a school for older

children Number of pupils

Percentage correct

a new school

a modern school

Red, yellow and blue are the primary
colours., This means that:

A,

The

all colours can be made
by mixing them

they are used in flags Number of pupils

they are used in American Percentage correct
elections

they are only used in
Junior school

question was of primary importance

A, It was unimportant.
B, It was extremely
important, Number of pupils
C. It was the first Percentage correct
question asked,
D. Children were asked the
question,
E. It was an examination question,
CORRESPOND

If two people write to each other they
are said to:

A.

B,
C.
D.
E

compete

deflect

dismiss Number of pupils
correspond Percentage correct
contradict .

When a product corresponds with a design

A.
B.

it 1s made exactly as designed

there are similarities
b it
etween and the design Number of pupils

there are letters

written about it Percentage correct

it has been badly designed

Year
1-2
54
100

Year

1-2°

89
75

Year

166
24

Year

236
85

Year
1-2
191

75

Year
2-3
65
100

Year
3-4
63
100

Year
3-4
195

41

Year

280
90

Year
3-4
252

74

197

Year

5-6

Year
5-6
10
100

Year
5-6
119

55

Year

10
100

Year
5-6
166

75



Which sentence uses the word
'correspond' correctly?

A.

The fingers on the hand
correspond to the toes
on the feet.

The head corresponds to Number of pupils

the neck. Percentage correct

The stomach corresponds
to the mouth and intestines.

The feet correspond to
the head.
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Year
1-2
101

26

Year
3-4
232

47

Year
5-6



(B)

Context

The context in which the word is tested has an
influence on the percentage correct.

Consider the examples én taudible’,
‘recoil*' and 'spontaneous'. The first
version of ‘'audible' connects it with 'buzz’
wvhereas in the second version there are no
helpful connections in the stem of the question
and the performance diminishes. That is a
possible interpretation which could also be
used in the 'recoil' versions.

In the first one 'recoil' is connected
with a familiar object (a spring) and it is
clearly not difficult to choose the correct
response. However, in the second version the
format is less helpful and the scores fall.

In the 'spontaneous®' examples the ex-
plosion is a more familiar content than the
buzzing and the structure of the questions
suggest that the second version with larger
responses and more information to handle makes
the choice of the correct response more
difficult. As previously suggested for
variations in connotations it may be that
variations in context also influence the

internal processing necessary to arrive at the
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correct response, i.e. it may be that the

increase in the complexity of the thinking is

responsible for the gross differences in

scores.

AUDIBLE

When the switch was pressed an audible 'buzz' was noted, It

A, was noisy
B. was quiet
C. could be heard Number of pupils

D. was loud Percentage correct

E. could not be heard

Which of the following is audible?
A, an oil painting

B, a distant star

C. a dictionary Number of pupils

D. a silent film Percentage correct

E. an explosion

RECOIL

The boy let the spring recoil:

A. It returned to its
original length.

B. It became longer, Number of pupils

C. It became tangled up. Percentage correct

D. It moved around,

When a gun is fired, the bullet goes forward
gso fast that the gun jerks backwards, This
jerking is called the:

A. recoil of the gun

B. back-spring of the gun

C. reverberation of Number of pupils

the gun Percentage correct

D. back-play of the gun
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Year
1-2
201

65

- Year

758
39

Year
1-2
177

88

Year
1-2
176

27

Year
3-4
116

79

Year

747
62

Year
3-4
122

98

Year
3-4
132

46

Year
5-6
68
100

Year

352
90

Year

5-6

Year
5-6
54
78



SPONTANEOQUS
The explosion was spontaneous,
This means that it happened:

. because of the bomb

suddenly on its own

with a loud bang Number of pupils

with a lot of smoke Percentage correct

B o 0w >

. 1nside a building

When freshly cut grass is
put in a pile there can be

spontaneous burning

A, Burning will be very slow
because the grass is green.

B. The sun can heat up
the grass so much that
it burns Percentage correct

Number of pupils

C. Burning can only take
place when the grass
has dried out.

D. A fire can start without
someone setting the grass
alight, '
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Year
1-2
239

56

Year
1-2
149

12

Year
3-4
282

65

Year
3-4
234

28

Year
5-6
10
100

Year
5-6
21
81
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(c)

Science Context

If the score for a word tested in a non-
science context is compared with the score for
the same word tested in a science context, the
science context appears to be more difficult.
Consider the examples on ‘'liberate’,
‘excess', ‘'preparation' and *influence' on
the following pages. The science context is
perhaps less familiar. The connections in the
non-science context between 'prisoners' and
*liberate’; ‘'parties' and *'food'; ‘'trainers’
and 'preparation's ‘pupil® and 'bad influence'
may be more within the framework of the pupils
experience than the connections required within
the science contexts where ideas and words may
be less familiar. To think out the first
version of 'liberate' may require fewer, easier
thinking stages than are required in the second

and third versions.
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LIBERATE

The new ruler decided
to liberate the prisoners.

He

Hydrogen gas was,...when
magnesium was added to

was going to:

educate them
brainwash them
set them free
torture them

starve them

the acid:

A. saved

B. evoked

C. reprieved
D. 1liberated
E, vibrated

From the list of words
pick the one which best
completes the sentence.
We can......hydrogen gas
by putting zinc into
dilute sulphuric acid:

B O Q W >

levitate
alleviate
elevate
illuminate
liberate

Number of pupils

Percentage correct

Number of pupils

Percentage correct

Number of pupils

Percentage correct
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Year
1-2
114

60

Year
1-2
166

16

Year
1-2
236

16

Year
3-4
691

60

Year
3-4
195

33

Year
3-4
280

25

Year
5-6
13
92

Year
5-6
119

47

Year
5-6
14
100




EXCESS

After‘the party there

was a lot of food left
over,

There was:

A. an express of food
B, an excerpt of food
C., an excess of food Number of pupils
D. ‘an access of food Percentage correct

E, a duress of food

We used excess jam for
our sandwich so we:

A. put too much on
B. did not put any on
C., did not put enough on Number of pupils

D. put just the right Percentage correct

amount on

The teacher tells you to
make sure the acid used
in the experiment is in
excess,

You:

A. put the acid in a
special contailner

B. add more water to

£
the acid Number of pupils

P
C. make sure all the ercentage correct

acid is used up

D. make sure some acid
is left at the end
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Year
1-2
758

64

Year
1-2
386

50

Year
1-2
233

37

Year
3-4
724

83

Year

257
75

Year
3-4
390

57

Year
5-6
349

97

Year

29
100

Year
5-6
207

70

i
:
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PREPARATION

In preparation for the
match, the team had a talk
from their trainer.

What does preparation mean?

A. after
B. getting ready for
C. instead of Number of pupils

D. because of Percentage correct

When dilute hydrochloric

acid is added to marble chips

a gas called carbon dioxide

is produced. Thus hydrochloric
acid and marble chips are used
in the....of carbon dioxide.

A. collection

B. combustion

C. degradation ; 7 Number of pupils
D. 1liquefaction Percentage correct

E. preparation

INFLUENCE

The teacher said that John
was a very bad.....on the
rest of the class.

A. affluence

. 1instance

B

C. confluence Number of pupils
D, immanence Percentage correct
E. 1influence

Temperature influences the
speed of chemical reactions,

A. affects

B. does not affect

C. 1increases Number of pupils
D, slows down Percentage correct
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Year
1-2
192

95

Year
1-2
732

41

Year

1-2
736
76

Year
3-4
75
100

Year
3-4
722

46

Year

3-4
615
90

Year
5-6

Year
5-6
346

85

Year

5-6
328
91

Year Year VYear

1-2
108
45

3-4
113
61

5-6
20
100




(D)

Confusion

If in the responses there is one which pupils
can easily confuse with the correct response
then this may account for differences in
scores between questions. Confusion can arise
from words which sound similar or which have
the opposite meaning.

Consider the examples on ‘'simultaneous’,
‘emit®, ‘'effect’, and 'abundant®' on the
following papers. In the first version of
*simultaneous’' response A is a good distractor.
A large proportion of the pupils think that
simultaneous means one after the other. This
source of confusion is not present in the
second version and the score increases.
Similarly in the first version of ‘emit’
response C is a good distractor. A large
percentage of the pupils have confused emit
with the opposite meaning. When this option is
not present in the second version the percentage
correct increases. The confusion of the
similar sounding words 'effect' and ‘'affect' ' é
may be a factor in explaining the Qross %
differences between the two versions of the
‘effect' question. The first version also

has an extra twist in asking for sensible
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statements. Similarly knowing that ‘'abundance’
is to do with quantity is not sufficient if
there is confusion as to which extreme it
occupies, i.e.plentiful or in short supply.
The second version did not offer this polarity.
*Abundance' was also involved in Chapter 3.
In Table 3.8 the difficulty of interpreting
*least abundant®' rather than °'most abundant'
was described.

The connections and misconnections as
suggested by Luria (81) between words/ideas
may be influencing the thinking necessary to

solve the question.
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SIMULTANEOUS

Two experiments are carried
out simultaneously.

They are:

A. carried out one after the other
B. carried out in different ways
C. carried out in different rooms
D. carried out at the same time

Percentage selecting

Year A B C D
1-2 41 3 1 55
3-4 39 4 1 56
5-6 0 0 0 100
Two rockets are fired,
The explosions are simultaneous.
This means that the rockets:
., migsed their target
. hit the same target
. did a great deal of damage
D. exploded loudly
E. exploded at the same time
Percentage selecting
Year A B C D
1-2 4 13 5
3-4 3 5 3 3
5-6 - - - -
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EMIT

Certain materials can emit
radiation.

Does this mean that materials:

A. give out radiation

transfer radiation to other countries
C. take in radiation

connect radiation to another form

Percentage selecting

Year A "B C D
1-2 48 4 45 3
3-4 59 3 35 3
5-6 100 o 0 o

A lamp which will emit blue light

A. gives out blue light
cannot give out blue light
C. uses up blue light

D. reflects blue light

Percentage selecting

Year A B Cc D
1-2 59 22 7 12
3-4 85 6 4 5
5-6 91 3 3
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EFFECT

Which of the following sentences is

sensible and uses effect correctly?

A. Smiling will effect everyone else,

B. He could not effect the work of the rest of the group,

C. There is little effect on the trees when the temperature
rises in spring.

D. The boy's laziness could effect the rest of his career.

The effect of heating water with a bunsen burner is that it boils.

Percentage selecting

Year A B C D E*
1-2 ) 3 12 41 44
3-4 1 5 27 . 31 36
5-6 (0] o 28 23 49
Your teacher told you to find the effect
of adding acid to a metal, so you tried
to find:
A. what happened
B, the quantity of acid used
C. the reason for adding acid
D. how long it took
Percentage selecting
'Year A* B c D E
1-2 88 2 7 3 -
3-4 .94 1 4 1 -
5-6 98 0o 1 1 -



ABUNDANT

Which statement explains the meaning of the

word abundant in the sentence:

"There was an abundant supply of splints for

the class to use?

. No splints were available.

H O O @ >

. There were plenty of splints,

There was a shortage of splints.
. The splints were not suitable.

The supply of splints was just enough,

Percentage selecting

Year A B
1-2 23 6
3-4 13 3
5-6 o o

Apples were abundant last year.
Does this mean apples were:

A. larger than usual

B. deeper in colour

C. in plentiful supply

ready for picking earlier

C
18
15

0

o o 0 v

Percentage selecting
*

Year A B
1-2 13 5
3-4 4 4
5-6 o 0
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C
66
85

100

D
16
7

44
61
100



(E)

Combination of Words

The combination of words may result in an
expression of precise meaning that is not readily
understood by pupils.

This may be just a variation of connotation/
context. Consider the examples on 'external'
and 'linear' on the following pages. ‘'External
skeleton' and 'linear relationship' seem to be
more difficult to understand than ‘external
aerial’, 'external symptom®' and 'linear?,
respectively.

The combination of words may influence the

thinking necessary to solve questions.



EXTERNAL

Some animals have an external skeleton

A, hard

B. soft

C. 1inside Number of pupils
D. outside Percentage correct
E. large

Which of the following sentences
has the meaning nearest to the
underlined sentence?

Insects have an external skeleton.

A. The skeleton is on the
outside of the body.

B, The skeleton sticks out
through the skin.

Percentage correct

C. They have an invisible
skeleton,

D. The skeleton is made of
bone,

E. They have a skeleton
which bends.

The.seoe..8ymptoms of illness
are flushed face, hot forehead,
swollen glands, sickness and
fainting.

A. external

B. expanded

C. extended Number of pupils

D. exported Percentage correct

Which sentence uses the word
external correctly?

A, The external TV aerial
was placed on the roof.

B. The Greek Gods are
external.

C. The heart, lungs etc.
are the external organs.

D. The external TV aerial
was inside the set.
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Number of pupils

Number of pupils

Percentage correct

Year
1-2
108

40

Year
1-2
326

32

Year

51
78

Year
1-2
205

91

Year
3-4
113

70

Year

278
50

Year

84
96

Year
3-4
135

99

Year

20
100

Year
5-6
15
100

Year
5-6
75
100



LINEAR

Look at the three crosses.
Which form a linear line?

A, A X x

B. x * x

cC. X , X . Number of pupils
D. x X Percentage correct

4

Which one of the following lines is linear?

A7 N

B, ————
C. <::::::::> Number of pupils
D. O Percentage correct

In which diagram (graph) is there
a linear relation between X and Y?

X
Number of pupils
n Percentage correct
Y
X
4 b
b4
XL
c
Y
x
(»]
Y
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Year
1-2
390

83

Year

1-2

388 °

74

Year
1-2
135

41

Year
3-4
135

81

Year
3-4
136

80

Year
3-4
141

45

Year
5-6
16
87

Year
5-6
15
86

Year

5-6



(F)

Precision and Discrimination

The degree oé precision of understanding of
the word tested and the degree of discrimination
of the responses testing this understanding
influences the percentage correct. This is

similar to the ideas of Vygotsky (82) already

discussed in Section 3.5,

Consider the examples on 'immerse' and
‘diagnose' on the following pages. In the
first version of ‘'‘immerse', if the pupil knows
that *immerse' is a word involving liquid, then
the correct response is easy to get. However,
to get the correct response in the second version
it is not enough to know that *immerse' is a
word involving liquid. To be able to discrimin-
ate between the responses the pupil had to be
more precise in his understanding of the term.
Similarly in the first version of 'diagnose*, if
the pupil knows the connection between diagnose
and illness (or sees the connection in the stem),
it is easy to pick out the correct response. In
the second version it is more difficult to dis-
criminate between the responses because of the
more precise understanding required. It may be
that the increase in the precision of the
thinking is responsible for the gross difference

in the results.
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IMMERSE
If we immerse an object, we have

A. heated it

B. measured its length

C. covered it with a liquid
D. weighed it

E. rubbed it

Percentage selecting

Year A B C*
1-2 7 2 84
3-4 1 1 96
5-6 o 0 100

O = = U

O = o H

In which of these drawings is the block of wood immersed?

Percentage selecting

Year . At B c
1-2 39 16 28
3-4 64 12 14
5-6 100 0 0
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DIAGNOSE

The doctor diagnosed the man's illness.

He:

A. found out what the illness was
B, gave him some medicine

C. 1looked up the illness in a book
D. made him better

E. said he could not cure him

" Percentage selecting

Year A* B Cc D E
1-2 - - - - -
3-4 93 B 2
5-6 95 5 0 o

Which sentence used the word diagnosed
correctly?

A, The nurse saw what was wrong and diagnosed some medicine,
. The doctor examined the patient and diagnosed tonsilitis,

The nurse diagnosed the patient's temperature.

D. The chemist diagnosed the prescription.

Percentage selecting

Year A B* C D E
1-2 33 23 20 24 -
3-4 29 56 7 8 -
5-6 9 77 7 7 -
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(G)

Thinking

By examining all the words with gross differences
and then looking at the questions for any common
factor in them which could be causing this
difference it was possible to divide them into
groups in which the main factors seemed to be
Connotation; Context; Science Context;
Confusion; Combination of Words; Precision and
Discrimination.

The question now arises - Is there some-
thing even more fundamental underlying all of
these or are we in such a tangle that no useful,
workable pattern can emerge?

A common factor has emerged time after
time under each of the groupings mentioned
above. In the examples we have studied, the
most difficult questions are those demanding
most thinking or interpretation steps. 1In
moving from a non-science to a science situation
we are taking the student on to less familiar
ground where perhaps the interpretation of
a whole new context is necessary to find a
meaning for the word. In a scientific con-
text words may have a more precise meaning
than in more general situations and this extra

precision and discrimination demands more
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effort and thought.

"heating” and "burning" or

"melting"” and

The distinction between

"dissolving” are elementary examples of this.

In support of this tentative idea that the most

difficult questions are those demanding mos t

complex thinking or interpretation steps the

reader is asked to consider the following

examples of the words 'revise’',

‘coincide', ‘agent’,

‘invert?*,

where there are gross differences in the

percentage correct.

REVISE

The pupils were told to revise their work,
They had to:

complete it

put it into a folder
put it into paragraphs
punctuate

read it again to learn it

If you revise something you:

A,
B.
C.
D.

write a summary of it
change or alter it
read it quickly

copy it out

Number of pupils

Percentage correct

Number of pupils

Percentage correct

al9

Year
1-2
238

96

Year
1-2
316

5

‘appropriate' and ‘detect’

Year
3-4
283

94

Year
3-4
144

9

Year
5-6
10
100

Year
5-6



INVERT

To start one of those egg-timers
with sand in them, you have to
invert it.

You have to:

A. shake it
B. turn it upside down
C. 1lay it on its side Number of pupils

D. put more sand in it Percentage correct

To invert an object means:
A. to turn the object
upside down

B, to make an object that

" no-one else has made Number of pupils

C. to turn the object on Percentage correct

its side
D, to decorate the object

COINCIDE

Which times on the clock coincide?

O D -
o O -

: Number of pupils
@ @ C Percentage correct
© -

Two events are found to coincide

A. The events happened to
different people.

B. They occurred at the

same time. Number of pupils

C. One event followed Percentage correct

closely after the other.

D. One event occurred the
day following the other.

E. One event caused the
other to occur.

When two things coincide

A, they are related

B, they are the same

C. they are different Number of pupuls

D, they change places Percentage correct

E. they are joined together

Year
1-2
228
100

Year
1-2
177

51

Year
1-2
240
100

Year
1-2
236

64

Year

167

20

Year

3-4
205
100

Year
3-4
132

60

Year
3-4
205
100

Year
3-4
280

71

Year

261

43 -

Year
5-6
39
100

Year
5-6
54
87

Year
‘5—6
93
100

Year
5-6
14
93

Year
5-6
101

58

N
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AGENT

Mrs. Smith applied to the firm to
become an.....to sell cosmetics

A. agent

B, agile

C. active Number of pupils
D. avenue Percentage correct

An agent of change is something which:

A. 1s changed itself

B. stops a change

C. 1is not changed at all Number of pupils
D. an enemy of change Percentage correct

E. brings about the change

APPROPRIATE

The payment should be appropriate
for the work done, The payment

shall be

A, .high

B. prompt

C. suitable Number of pupils
D. an estimate Percentage correct
E., offered

Which one of the following sentences
uses the word appropriate properly?

A. The appropriate number
of sodium is 11.

B. An appropriate way of
collecting ethene would
be over water, Percentage correct

Number of pupils

C. Using 96,500 coulombs to
represent the Faraday is
only appropriate.

D. I appropriate the work
done by Rutherford.

Year
1-2
115

98

Year

236
48

Year
1-2
201

80

Year
1-2
135

27

Year
3-4
668

96

Year

141
38

Year

5-6



DETECT

Jim
The
not
Jim

A.
B,
C.
D.
E.

said he could hear a noise,
otherchildren said they could
hear it.

could

affect the noise
inspect the noise
reject the noise Number of pupils
detect the noise Percentage correct

contact the noise

If I detect something I will

B O o w >

The
gas

H O o w >

find it out

write it down
throw it away Number of pupils
leave it behind Percentage correct

cancel it out

use of a flame allows hydrogen

to be

displaced

distorted

decomposed Number of pupils

detected Percentage correct

dehydrated
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Year
1-2
159

95

Year

236
90

Year

114
40

Year
3-4
199

98

Year

280
" 91

Year

654
47

Year
5-6
44
97

Year

14
100

Year

29
79



5.8 Conclusions

From the results of the first year of the
investigation it was possible to produce lists indicating
words that may be causing pupils and students difficulties
at various stages (Tables 5.1, 5.2, 5.3, 5.4, 5.7, 5.8,
5.9, 5.10) and there is an indication (Table 5.6) that
Gardner's findings are in the main applicable to Britain.
As suggested in the Scottish and JMB experiments,
performance in multiple choice questions is not con=-
trolled by regional factors but may be determined by
the thinking processes necessary to solve the question.
From the results of the Australian exercise and this
investigation the vocabulary of pupils does seem to
improve as they move through the secondary school and
in Chapter 6 some suggestions will be made that may
enhance this improvement.

This work goes beyond Gardner's work and
particularly in the second year of the investigation
the following conclusions become more established.

(a) The meaning of a word may not be absolute but
varies from a general meaning to a more pre-
cise meaning (Section 5.7 3F).

(b) A combination of words can result in an
expression with a difficult meaning

(Ssection 5.7 3E).
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(c) The meaning of a word may depend on its
connotation and on its context

(Section 5.7 3A and B).

(d) A word in a scientific context may be

harder to understand than the same word in

a non-scientific context (Section 5.7 3C).

In the examples studied (Section 5.7) where
there have been gross differences between questions
testing understanding of the same word, the differences
seem to reflect on the response of the internalisation
aspect of the language to the language of the question.
It seems to be the internal connections and mis-
connections between words and ideas that is influencing

the thinking necessary to solve multiple choice questions.



CHAPTER 6

Conclusions and Recommendations

6.1 The influence of language on pefformance in

matched pairs of multiple choice questions

In the Scottish and JMB Experiments the
procedures that were adopted from the evidence of the
common control questions seems to have resulted in
Closely matched samples of pupils who attempted the
various paired tests and it is assumed that
differential performances are due to the changes made
in the question and not to the characteristics of the
pupil.

From the JMB Experiment there was clear evidence 1
(a) that ability to respond correctly to multiple

choice chemistry questions is associated

strongly with measured verbal ability.

(b) that simplification of items materially
helped the less able as well as girls without
impairing the general efficiency of the test
as a measuring instrument.

(c) that higher social class groups achieve
higher facility values in chemistry questions
than lower social class groups. This may
reflect the reported influence of social class

on language development (167)(168)(169)(170).
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In addition to these personal factors,
performance in multiple choice chemistry questions
seems to be influenced by -

1 Words

If a non-technical word that needs to be

understood to answer the question (a key

word) is replaced by a word that is more easily

understood then there is an improvement in

performance.,

If any word is capable of being
misinterpreted, then this influences
performance.

In addition to the key words, the other
words in the question may also have an influence
on performancé and compressed formal language
(pompous) may depress performance.

2 Expressions of quantity or order

If incompatible expressions like 'least
abundant', ‘'least concentrated®' are replaced
by more compatible expressions like 'most
abundant', ‘'most concentrated®’, then there
is an improvement in performance.

3 Negatives
If a negative expression is removed, there can

be an improvement in performance.



4 'Bits' of Information

If extraneous bits of information are removed,
performance improves, but if bits of inform-
ation are removed to such an extent that the
gquestion becomes more abstract, then perform-
ance deteriorates,

If the lists of information are arranged
in simple sentences instead of larger sentences
with embedded clauses, then performance
improves. .

If the item consists of information and a
question, performance seems to be improved by
not separating the question from the responses
by the insertion of information.

Performance in multiple choice chemistry does
not seem to be influenced by minor changes in parts of
speech nor by changing the passive voice into the active

voice,

6.2 Information on aspects of lanquage from

individual multiple choice questions

From the Scottish Experiment these tentative

conclusions are suggested
(a) Technical vocabulary that is introduced early
in the secondary school may not be recalled

by O grade chemistry candidates,
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(b) From the vocabulary questions certain non-
technical words including logical connectives
may be a barrier to the learning of chemistry.

(c) The language of the text book may not be the
language with which the pupil is most
comfortable,

(a) In learning definitions of technical expressions
certain cues or trigger words may play an
important role.

From the Chemical Society Experiment on the
understanding of non-technical words, it is possible to
make the following conclusions 3
(a) The meaning of a word is not absolute but

varies from a general meaning to a more

precise meaning,

(b) A combination of words can result in an ex-
pression with a difficult meaning.

(c) The meaning of a word depends on its connotation
and on its context,

(da) A word in a scientific context is harder
to understand than the same word in a non-
scientific context.,

6.3 Multiple Choice Questions and Pupil Answers

This interest in language developed from
listening to individual pupils mentally stumble

through questions like this (171).

228



Example 1

9. Which of the following statements is true for
the four carbonates?
sodium carbonate
silver carbonate
lead carbonate
magnesium carbonate
*2A they neutralise dilute acids
B they react with dilute alkalis producing
carbon dioxide
C they decompose on heating to form the metal
oxide and carbon dioxide
D they are insoluble in water
Example 2
31. Coal is formed from decayed plants which grew
millions of years ago. The energy which is
released when coal burns was trapped in these
plants by a chemical process called 1
*A photosynthesis
B nitrogen fixation
C respiration
D destructive distillation

*

correct response

In Example 1 the apparent difficulty was

removed when in discussion ‘neutralise' in response A

was replaced by 'reacts'. In Example 2 the apparent



difficulty was removed when the question was read
omitting the embedded clause °'which is released when
coal burns'. In teaching pupils it has been my ex-
perience that there have been so many examples of a
language modification leading to an improved response
that it seemed to point to the close relationship
between language and the processing necessary to solve
the question.

This was substantiated by the consideration of
questions released by the Scottish Certificate of
Education Examination Board (172).

No. 239102 Ability ¢+ Co Key D
Syllabus section I2 Percentage Correct s 28%

When zinc displaces copper from copper (II)

sulphate solution which of the following occurs?

A Zinc is reduced and copper is oxidised.

B Zinc is oxidised and copper is reduced.

C Zinc is reduced and copper ions are oxidised.
D

Zinc is oxidised and copper ions are reduced.

No. 239101 Ability s Co Key C
Syllabus section I2 Percentage Correct : 53%
If magnesium is placed in iron (III)
chloride solution then
A magnesium is oxidised and the chloride ion

reduced.
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B magnesium is reduced and the chloride ion

oxidised.
C magnesium is oxidised and the iron ion reduced
D magnesium is reduced and the iron ion oxidised.

Both questions are testing the same syllabus
section (159).

Both questions are testing the same ability
co~-comprehension (173), based on an adaptation of Bloom's
(174) classification of objectives.

The questions are apparently very similar but
the percentage correct are very different. The main
reason is that in No. 239102 there is a precise distinct-
ion between responses that does not exist in No. 239101.
The distinction is between responses B and D. D
contains the word ‘*ions' and B does not. In reading and
processing the answer the pupils have to be able to
distinguish between these two very similar answers -
such is the subtlety that language can bring to the
thinking necessary to solve a question.

6.4 Reading, Processing and Performing

In Section 2.2 there is a diagram Figure 2.1
on the relationship between reading, processing and
performing, which was influenced by Fig. 1.3 Model of
Cognitive Processes = White (105). By examining
performance it was suggested that it would be possible

to infer about the complicated interrelationship between
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reading and processing. The conclusions for each of

the experiments have already been listed in this chapter

but by laying some of these against some of the

theoretical background and research described in

Chapters 1 and 2 it may be possible to make some very

tentative interpretations on these conclusions which may

give some indication of how the superficial language of

the multiple choice question is related to the necessary

internal thinking processes.

1

2/3

Words 1
Replacing key words in multiple choice chemistry
questions and reducing the amount of compressed
formal language may make the questions easier
because it makes the meaning more accessible.

The most important factor in determining
readability is word difficulty (139)(140)(141)
and this may be being substantiated by this work.

Expressions of quantity or order/Neqgatives

Alterations to these terms in multiple choice
chemistry questions seem to influence per-
formance. The difficulty with expressions of
quantity seem to mirror the reported difficulties
(131)(132)(133)(134) in young children with
termms like 'more®' or *less'. The difficulty
with negatives seems to confirm the finding of

various works (126)(127)(128)(129) that negatives

232



are conceptually more difficult than affirm-
atives. Slavin (130) suggests that this type
of grammatical feature takes up more space in
the short term memory and consequently reduces
its facility to process information.

Bits of Information

Various organisational changes seem to influence
performance in multiple choice questions. This
may reflect Slobin's conclusion (111) that
putting material into an order makes it easier
to understand. For example it is more difficult
to understand information in which other inform-
ation has been embedded (151). In processing
information in addition to the number of bits
of information there is a need to put the bits
in a meaningful working order. Both the number
and the ordering may occupy space in the short
term memory and since there is a restriction
on the number of ‘chunks®' (142)(122)(121) with
which the short term memory can cope, if the
organisational changes reduce some of these
items it could release more space in the short
term memory for processing the information
and consequently improve performance.

In the vocabulary questions from the

Chemical Society Experiment, in which there



are gross differences, between questions testing
understanding of the same word, it seems to be
the internal connections and misconnections
(81)(82) between words and ideas that is
influencing the thinking processes.

In the multiplé choice questions in the
Scottish Experiment, the JMB Experiment, the
Chemical Society Experiment and the earlier
Australian investigation the same feature seems
to come across. It is the meaning that is
important. Changes to parts of speech of words
in multiple choice questions and the removal of
the passive voice do not seem to influence
performance perhaps because neither of these
alterations alter the underlying meaning of the
question. The meaning is crucial and is
derived by an active internal interpretation
process that is language dependent in two
interrelated senses
(a) the language of the question is being

processed, i.e. words, expressions, and

bits of information are moving into the

memory units |
(b) 1language could be being used for the

processing, e.g. advance organisers

(109), cognitive bridges (110),
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linking (116), cues (135) may be being

used to manipulate, store and recall

information within the memory units.

The superficial language of the question is
responsible for (a) and will have an impact on
(b), and both (a) and (b) together contribute
to the active interpretative process. Thus
the superficial language of the question is
closely related to the necessary internal
thinking process.

6.5 Recommendations

From these experiments and particularly from
the Chemical Society Experiment, there may be an apparent
suggestion of prohibiting certain words but that is not
the case. In chemistry as in other subjects in the
secondary school there is a need to consciously build
on pupils vocabulary.

The following suggestions are offered to try to
improve pupils understanding of words and hopefully
improve their science. These suggestions are based
on a consideration of some of the possible reasons in the
Chemical Society Experiment for the gross differences

in the scores between question testing understanding of

the same word.'
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Connotation s when appropriate discuss the various

connotations of a word

Context explain words in context. The word
used in a technical sense should be
linked with, or distinguished from
its more general use.

Confusion similar sounding words to the new word
should be discussed. Words opposite
in meaning to it could also be dis-
cussed where appropriate.

Precision and Discrimination 1+ Different grammatical

forms of the new word should be
pointed out, e.g. filter, filtration.
Words of similar meaning could be
discussed where appropriate. The
learning of set definitions may have
an important role to play in this.
Pupils should be encouraged to express
the meaning of new words in words of
their own so that the teacher can be
sure that they are understood. Only
then should he encourage the use of a
new word.
The implications of these suggestions are that
new words have to be consciously connecﬁed to existing

vocabulary before any new word will become part of the
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pupil. It has been suggested by Ausubel (109) and
Novak (110) that meaningful learning occurs only if new
information is linked to existing relevant concepts.
This may also apply to new words. Teachers may be able
to help pupils to make connections between new
vocabulary and their existing vocabulary and by the
quality of these connections, it may be possible to
help the pupils to move from a vague meaning of a word
to a more complete understanding of its meaning.

In the wider context of the total learning
experience pupils are often inundated with new skills,
concepts and language in an amazingly concentrated
fashion. It is a sobering exercise to listen in to a
short lesson and to list the new skills (of head and
hand), ideas and words which wash over pupils. This
almost certainly results in an information overload
which militates against meaningful learning. If it is
possible to reduce the information overload in
teaching by using more efficient linguistic strategies
then science teaching will improve.

In this wider area of meaning it would be
good to be able to make recommendations.

1 To authors s In text books include glossaries
of all technical terms and non-technical terms
where they differ from normal usage.

2 To examiners s Avoid negative expressions
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appearing in both the stem and the responses of

multiple choice questions

To teachers s Avoid compressed formal language

when introducing new ideas

To all three groups 1

(a) Be wary of using phrases that may be
ambiguous

(b) Try to present information in succinct
simple sentences without recourse to
embedded information

(c) Communicate in a form that is appropriate
to the expected audience,

but it is not as easy as that! Authors,

examiners and teachers are aware of the need for

chemical accuracy and what I feel needs to be

added to this is to heighten their awareness

of the importance of communicating meaning

clearly. This implies being sensitive to the

difficulties of the pupil and appreciating the

complex interrelationship of language, thinking

and learning. Language can be both an aid and

a barrier to learning. Be it pupil talk,

teacher questions, worksheets, text books, notes

or whatever the only way a pupil is going to

take hold of chemistry is through language

and making the language part of themselves is

learning.
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It is my hope that this research will make

a contribution to increasing awareness.
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CHAPTER 7

Consequences

Under the University regulations, a thesis
should make a useful contribution to knowledge. Whether
this thesis complies with this still remains to be seen.
The preparation of it has however, added greatly to
my knowledge. In addition I feel that research in
education, if it is useful research, should have an
impact on education. An impact on education is difficult
to measure but there have been a number of consequences
to this research that may suggest that it is having some
influence.

1 A number of organisations throughout Britain
have invited me to talk on this research at
various conferences and meetings.

The Chemical Society, July °'77; September '78,

February °'80
The Association of Science Education,
February '80
Renfrew Primary Teachers : February '80
Strathclyde Science Teachers : May '79
and June '79
West Midland Science Teachers i1 July °'79
National Course Language across the

Curriculum (Aberdeen) i1 September *79
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Scottish Remedial Teachers Conference
October *'79

Scottish Religious Education Conference 3
May *80

Strathclyde Management for Senior Promoted
Staff in Secondary School 3
January '80, June '80.

A number of sources have asked for articles

to be written. The following have been

published

J.R.T. Cassels and A.H. Johnstone s Language
in Chemistry s Bulletin of the Scottish
Centre for Maths, Science and Technical
Education II 1 1977: pl9-24

J.R.,T. Cassels and A.H. Johnstone 3
Language in Chemistry : Report of Education
Division Conference 3 Research for the
Classroom and Beyond : p48-54
The Chemical Society : London : July 1977

J.R.T. Cassels and A.H. Johnstone
What's in a Word? : New Scientist
18th May 1978 p 432-434

J.R.T. Cassels and A.H. Johnstone
The Understanding of Non-technical Words
in Science in a report of a research
exercise ¢ The Chemical Society.

London, February 1980
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In addition two articles with the title
'*Language and learning - a Chemists View*

are due to appear in the autumn of 1980,

one in the Scottish Education Department
Inspectorate Bulletin and the other in the
Scottish Curriculum Development Centre Bulletin -
Teaching English.

My interest led to an invitation to become a
member of theChemistry Panel of the Scottish
Certificate of Education Examination Board and
I presented a paper on my research work to this
panel which after due consultation led to the
formation of a Joint Working Party of the
Scottish Central Committee on Science and the
Scottish Certificate of Education Examination
Board. This Joint Working Party of which I am
a member, has produced a package with the title
‘*Language in Chemistry'. The package consists
of seven unitss Introduction; Talking to learns;
Listening and understandings; Teacher and pupil
talk; Reading and learningj; Writing and
learningsy and Languageand assessment. They
are intended to focus attention on the use of
language in teaching and assessing chemistry
throughout the secondary school by encouraging

teachers not just to read the units but to
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become actively engaged in the suggested
activities and get involved in a professional
exchange of ideas with their colleagques.
Initially in the autumn of 1980 a free
copy of the package will be sent by the Scottish
Curriculum Development Service - Dundee Centre
to all Principal Teachers of Chemistry in
Scotland.

In Chapter 1 Section 1.2, it is stated that it

is through my concern for chemistry pupils that this

research has been initiated and it is my hope that this

work will make some contribution towards the real need

identified in the Bullock report (17).

'We must convince the teacher of history or

of science, for example, that he has to
understand the process by which his pupils

take possession of the historical or

scientific information that is offered them;

and that such an understanding involves his
paying particular attention to the part language
plays in learning?®

This research and its consequences may just be

beginning on this.
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LANUUAUL 1N UHEMIDTHY appenuaix a

Information Sheet (1977 & 1978)

The following test is one of several to try to find out how the
language used in Chemistry may affect pupil understanding. Your

name will not be needed and your mark will certainly not affect your
future although answers from you and pupils in other parts of Scotland
may help to shine some light on this problem,

Thank you for your co-operation,
Please follow instructions carefully:-

1. Your teacher will give you - (i) your school number
(ii) your year number, and
(iii) your own number.

Note them.
2, If your number is even you should have - (i) the Pink E Test and
(ii) a pink answer card.
If your number is odd you should have - (i) the Yellow O Test and

(ii) the yellow answer card.

Check this.

3. Fill in the answer card in pencil as instructed.

Column for school number Please put M if you are
F ar
Vaariounber male or if you e
2 female,

Your own number
Instructions

Lot & e cat

ThoN ANSWEE CARD
aucnou'

CBDCBDCBDCBDCBDCBDCBDcBDC_EP CBD 1A F"f ,'N 90"53

»al 3

wv omea mxs 4

e

LUNT PENCRL i

BEERASED %

‘ o

5. DO NOT B.ND

wscAao

e wmre '\srmu BEIOW: " Lok i

caﬁ BDcaDcBDcBOcaDcsvcaDcsD ca» :

cc3chc03ch<:c9cCDCCD;CDcc:rcC;’ ars
'3 = 3 v 9“03 o:fco:)*’ﬂ
D CD CD CD CD- CDJ D C': ok ~C MATRICULATION
NUMBER

cED EDCEDcEDchEDcEDcEDcED'cED

t-"' ¥ .‘_4,

'y ggﬁgmvloeém‘{ TMENT i mgggw;g,
5
et
Your Father or Guardian's Occupation

4, Only one oval should be shaded in any one column. If you want to
change your answer rub out the shading with an ordinary rubber and
shade another oval instead.

5. Tackle all the questions in the test and mark your answers with
heavy shading - the heavier and blacker your shading the better -
on the answer card.
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Appendix A contd,

Information Sheet (1979)

The following test is one of several to try to find out how the

language used in Chemistry may affect pupil understanding. Your
name will not be needed and your mark will certainly not affect

your future although answers from you and pupils in other parts

of Scotland may help to shine some light on this problem,

Thank you for your co-operation,.
Please follow instructions carefully:-

(i) your school number
(i1) your year number, and
(1ii) your own number,

1. Your teacher will give you -

Note thenm.,
2., If your number is even you should have - (i) the Pink E Test and
(ii) an answer card.
If your number is odd you should have = (i) the Yellow O Test and
(ii) an answer card.
Check this.
3. Fill in the answer card in pencil as instructed,.
Column for school number Please put M if
Pl
Year number ease put the you are male or
colour of the F if you are
Your own number test PINK or YELLOW. female.
wadmcu Anion QUESTION NUMBER i EXAMINATION ANSW R cARD
NUMESR 1 2 3 4 5 6 7 8 9 101 1213 14 15 16 24 25] INSTRUCTIONS
RN EEEEE R
'JVVV\/‘J'JVVVVVVVVVVV
ﬁf\hhﬁhﬁhr\/’\'\r‘xhr\r\r\r\g/\mmqh@ LN BAYER
ORI R ORI ORI NN SR B VIR B SR 3 2 |1 FILLIN BOXES LIKE TH:i 3
D S 1 N S S S~ S S~ S S A B~ B AT AR AT AR AT T A TR A . e
x‘;bé&«bé&&&&-sﬂbo&bﬁsSo&So62<°°'\OTMAKEANY0'“CMARKS
nn Aan a e - - EEA R AR Ja Y~ S A B A B B A 5
0606068@36S:&ob%@&\;536-‘38-:3”5“‘3"”””’5““-
(\hhhof\(\n(\hhh(\(\hhAr,\(\/\:ﬂ.‘\h.’\ -
T3 a3 e EEEEEEESEE S & & & 5 L )3 ERRORS MUST BE ERASE
$L8 88Ty QUESTION NUMBER 5.D0 NOT BEND THIS CARC
. L . |28272829 30 31 32 33 34 35 36 37 38 39 40 41 49 0
[a) 0o [a] 0n 0 N n “~N “\ 0y 'n) i N o o~ N o [l o~ i) ) .
O ORI SRR S R B Y S BB & & |6.YWRITE DETAILS BELOW
hhf\f\!\(\(\hAnf\r’\f\hf\/\h(‘.r\f\(\h(\h
I P R R R R ) NAME
D S 1 S, S S A S~ S~ S S AN o B A B A B AR AT AR AR TTosTEesessees i
R EEEEEEEE N & 6
A A AN AN oA A o0 NN A A D o NG 60 o o o MATRICULATION
9628538888888 338858 3808 8 numeen.. A ...
nnr\r\r\r\r\nnnnr\nf\r\nr\aanocon
885 9 95888 EEEEEEEEEEEES
€OL 2040y _ | CPeouTING SERVICE Tup UNIVERSITY OF 3L A5 TToTTEoTesmseeeees

Your Father or Guardian's Occupation,

4, Only one oval should be shaded in any one column, If you want to
change your answer rub out the shading with an ordinary rubber and
shade another oval instead,

5, Tackle all the questions in the test and mark your ansers in pencil

with firm shading - using an HB pencil if possible.

in the oval completely.

Please shade
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When a2 solid is dissolved in 2 liquid, that solid is called

A, the solution.
B, the residue,
C. the solute.
D, the solvent.

Which one of the following requires a ligquid other than water to
dissolve it ?

Nogeacalt,

B, Sugar.

C. Sodium nitrzte.
D. Sulphur.

Y

Elements in the same column of the Periodic Table have the same number of

L. protons.
B, electron shells.
C. neutrons.
D. outer electrons.

Which one of the following is a choking gas?

4. Carbon diozide.
B, Nitrogen.

C. Sulphur diozide.
D. Methane.

When & concentrated zqueous solution of scdium bromide is electrolysed,
the product at the positive electrcde is

A. Dbromine.
B. hydrcgen.
C. ozygen.
D. sodiunm.

Wnich one of the followinz sulrhides is easiest to breck down to its
elements?

L, Lead sulphide.
B, Sodium sulphide,
C., Calcium sulphicde,
D, 2Zinc sulphide.

4 melted compound conducts electricity dbut when solid does not conduct,
This suggests the bonding in the cecmpound is

A. covalent.

B. Dpolar covzlent.
C. metallic,
Dyesionic,

e @& burning tasar.
e 1 a large bellioon.
C.' a glcwing s»iins,
D, Dbreomine water.



16.

17.

18.

19.

20,

21,

22,

=X

Vhich element would form the same number of bonds as nitrogen?

A.
B.
C.
D.

Hydrogen.
Beryllium.
Boron.

Oxygen.

Wy, X, Y and Z are four elements in order, one after the other, in the
Periodic Table. Y is a noble gas., ‘Which formula is likely to be correct?

A,
B.
Ce
D.

A sample

of element X contains the following types of atoms:

13 15 16
7~ L 7%

The electronic configuration of the element is

2,4-
2,5.
2,6.
2,7,

An isotope of aluminium has an atomic number of 13 and a mass number of 27.
An atom of this isotope will contain

14 protons and 13 neutrons.
13 protons and 14 neutrons.
14 protons and 13 electrons.
13 protons and 14 electrons,

Some atoms of an element are heavier than other atoms of the same element.
This is because they have different numbers of

A.
B.
cC.
D.

Which of

Which of
Periodic

A
B.
o
D.

neutrons.
nuclei,
prounns,
electirons,

the following statements is true of sea water?

It has a lower electrical conductivity than tap water,
It contains nn dissolved gold salts.

There are no ions gresent.

It freezes below O°C,

these statements is correct? The elements of column 4 of the
Table

are all metals.,

dc not form dioxzides.

2ll form the same mumber of bonds,
dissolve readily in water,
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23.

24,

25.

26.

27,

28,

==~

A sample of copper (II) sulphate containing copper (II) oxide was powdered
and mixed with a large volume of water. The mixture was then filtered.
Which one of the following statements is true?

A, The copper (II) oxide would dissolve in the water.

B. The copper (II) sulphate would be left on the filter paper.
C. One compound dissolves in the water and the other does not.
D. The filtrate would be colourless,

Three metals Z, T and Y were added to separate solutions contzining
metal X ions, 2 precipitates X; T had no effect; and with Y a gas was
given off from the solution. ’
Which one shows the metals in the correct order of activity (the most
reactive first)?

RN A G
B X Xe T Z.
Qo ZuX Y,
D. TXY 2.

Why are the atomic weights of naturally occurring elements not whole numbers?

A. The number of protons and neutrons in each element varies.

B. Naturally occurring elements are mixtures of isotopes.

C. Chemical methods of atomic weight determination are inaccurate.
D, It is difficult to isolate the elements in the pure state.

If X is the symbol for an element, which position is used for the atomic
number?

A B
X
D C
?301- and ggca2+ have the same number of

A. protons.
B. electrons.
C. charges.
D. neutrons,

Calcium is a metal which burns in oxygen to form an oxide which when added
to water gives a solution whose pH value is

AL, between 2 and 5,
B. between 5 and 7.
Coii s

D. above 7.



UNIVERSITY OF GLASGOY - SCIENCZ EDUCATION GROUP
LANGUAGE 1IN CHEMISTRY

PINEK 'B' 7EST (3)

When meat is boiled for too long, it disintesrates.
It:

A. changes colour.

B, breeks into smell pieces.
C. dries out,

D, disappears,

One half of something written as a percentace is:

A %

B. 5710.
Cc. 50.
D- 0050

The doctor saw a men with a disesse that had never been seen before,
The doctor thought that the disease might have been caused by the-food the

man had -eaten,
The doctor's idea could be called

A. a fact,

B. 2an observation.
C. & result. '
D. & theory.

Which of the following groups of objects has the most diversity?

Ao [JJoao.
B. &3 40 3.
¢c. o00[Joaoa.
D AAAAAALA.

Scme students are studying the fundemental laws of rhysics.
What does fundamental mean?

& Modern and newly discovered,

B. Difficult 22d hard to understand.
C. Basily explained,

D, Most imporiarnt.

. -

If two things happen si~ultansously, they happen

Ae 2%t the szme time,

B. quickly.

Ce one efter the other,
D. once a year.

Which of the following cculd have the highest prebability?

A, & nan throws 2 ¢oin and it shows 'hezds!.

B, A rman wins 2 miliicn dollars in o conpetitien,
C. & wemen has six children, all born itogether.
De i men grews to a neight cf 7 feetd,
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When & solid is dissolved in e liquid, that solid is called

A.
B.
Co
D.

the solution.
the residue.
the solute.
the solvent,

Which one of the following requires a non-aqueous solvent to dissolve it?

A.
B.
c.
D.

Blements

Lo
B,
c'
DO

Salt.

Sugar.

Sodiun nitrate.
Sulphur.

in the sacme group of the Periodic Table have the same number of

protons.
electron shells,
neutrons.
outer electrons.

Which one of the following is & pungent gas?

A.
B.
c.
D.

Carbon dioxzide.
Nitrogen.
Sulphur dioxide.
Methane.

When a concentrated aqueous soluticn of sodiunm bromide is electrolysed,
the product at the anode is

A.
B.
Ce
D.

Which is

A,
B.
C.
Dc

bromine,
hydrogen.

cxygen.
sodiun,

the least stable sulpnide acmong the following?

Lead sulrhide.
Sodiun sulrhide.
Calcium sulphide,
Zinc sulrhide.

A fused compound conducts electricity but when solid does not condncd,
This suggests the bonding in the compound is

A.
B.
C.
Dl

covalent,
polar covalent.
metallic,
ionic.

To distinguish between nitrogen and heliun you could use:

A.
B.
CO
D’

a burning taper,
a lzarge balloon.
a glowing splint.

Fmmemd - 2w
SrCIlle watel.

¢
[\
Ui
'_J
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The valency of nitrogen is the same as that of

Ae. hydrogen.,
B. beryllium.
C. Dboron.
D, oxygen.

W, X, Y and Z are four consecutive elements in the Periodic Table., Y is a

noble gas, VWhich formula is likely to be correct?

A, WX
\/
B. ZZM.
C. ZZX'
D. Zd2-

A sample of element X contains the following types.of atom:

13, 15 16
7X 7X 7X

. The electronic configuration of the element is

L, 2,4,
B. 2,5.
c. ‘ 2,6.
D. 2,7.

An isotore of aluminium hes an atomic number of 13 and & mass number of 27.

An atom of this isotope will contain

A. 14 protons and 13 neutrons.
Be 13 protons and 14 neutrons,
C. 14 protons and 13 electrons.
D. 13 protons and 14 electrons.

Some atoms of an element are heavier than other atoms of the same element.

This is because they have different numbers of

4. neutrons,
B. nuclei. |
C. protons,
D. electrons.

Which of the following statements is not true of sez water?

L. It has a higher electrical conductivity than tap water.
B, It contains dissolved gold salts. .

C. It contains a variety of positive ions and negative ions.
D, It freezes at 0°C, '

Which of these statements is incerrect? The elements ¢f column 4 of the

Periodic Table

Lie all form the same nuzber of bonds,
B. all form diozides.

C. are all metals.

D, do not dissolve readily in water,
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4 sample of copper (II) sulphate containing copper (II) oxide was powdered
and mixed with a large volume of water. The mixture was then filtered,
Which one of the following statements is not true?

A. The copper 211) sulphate would dissolve in the water.

B. The copper (II) oxide would be left in the filter paper,
C. Both compounds would be left on the filter paper.

D. The filtrate would be a blue soluticn,

When a metal 2 was added to the sulphate of a metal X, the metal X was
precipitated and there was no effervescence. When the test was repeated
using the metal T in place of Z no resction occurred. UWhen a metal Y was
added to a solution of the sulphate of X, a brisk effervescence occurred.
Which one of the following is the correct order of decreasing activity
(i.e. the most reactive first) of the four metals?

A YZXT.
B, YXT2Z
C. ZXT¥Y
D. TX¥Ya2Z.

Which of the following is the best explanation of the fact that the atomic
weights of most of the naturally occurring elements are not whole nunbers?

o 4Ae The number of protons ond neutrons in each element varies,
B. daturally occurring elements are mixtures of isotopes.
C. Chemical methods of etomic weight determination are inaccurate,
D, It is difficult to isolate the elements in the pure state.

Around the symbol for an element there are four positions where further
information may be given. VWhich of these positions is used to indicate

the atomic number?

A. Top left.

B. Top right.

C. Bottom right.
D. Bottom left.

Which statement is true about the ions ?301- and 38Ca2+ ?

Ae Their atoms contain the same nunmber of protons.

B. They contain the same number of electrons.

C. They will combine with the same number of F  ions.
D. They contain the same number of neutrons.

What would be the pH of the solution formed when calcium oxide dissolves
in water?

Ao Between 2 and 5.
B. Between 5 and 7.
c. 7.

D, A4Lbove 7.
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Appendix C

UNIVERSITY OF GLASGOW - SCISICE EDUCATION GROUP

LANGUAGE 1IN CHEMISTRY

YELLOW '0' TEST(78)

Which one of the following compounds is predominantly covalent?

A.
B.
Ce

D.

Potassium bromide.
Carbon tetrachloride.
Silver iodide.
Aluminium chloride,.

Which one of the following solutions would conduct electricity appreciably?

A.
B.
C.
D.

A glucose solution.
A salt solution.

A sugar solution.
A starch solution.

When calcium is added to water which of the following are produced?

AI
B'
C.
D.

An unknown
one of the

A,
BC
cC.
D.

An acid and oxygen.

An acid and hydrogen.
An alkali and c¢xygen.
An slkali and hydrogen.

metal X was found to be more reactive than sodium. Prediet which

following is most likely to be correct.

It will oxidise readily in air.

It should be stored under water.

Its compounds will be unstable.

It will be obtained from its oxide by reduction with carbon.

Which one of the following will be a non-conductor of electricity when it is
a solid, but a conductor when it is a liquid?

4.
B.
Ce.
D.

Sulphur.

Hydrogen chloride.
Potassium bromide.
Carbon tetrachloride.

What is the product at the positive electrode wren a concentrated aqueous
solution of potassium iodide is electrolysed?

A. Hydrogen.

B.
C.
D.

Oxygen.
Potassium.
Jodine.

A sample of element X contains the following types of atome

13x

7

15X 16x
7 7

The electronic configuration of the element is

Ac 2'40
B- 2’5'
c. 2,6.
Do 2,70



-2 -

8. An isotope of aluminium has an atomic number of 13 and a mass number of 27.
An atom of this isotope will contain

A. 14 protons and 13 neutrons.
Bs 13 protons and 14 neutrons.
C. 14 protons and 13 electrons.
D. 13 protons and 14 electrons.

9. Some atoms of an element are heavier than other atoms of the same element.
This is because they have different numbers of

A. neutrons.
B. nuclei.

C. protons.
D, electrons,

10. A saturated solution of a substance is one

A. in which 1g of the substance is dissolved.
B. which is made by dissolving the substance in boiling water.
C. in which no more of the substancs will dissolve at a given

temperature.
D. in which the substance is dissolved without stirring at a given

temperature.

1. Crude oil is refined by:

A, filtration.
B, sublimation.
C. distillation,
D. condensation,

12. When a solid dissolves in a liquid, the liquid part is called:

Ao solute.

B. soluble.
C. solution.
D. solvent.

13, what do we call the change when water turns into a gas?

A, Freezing.
B. Condensing.
C. Evaporation.
D. Melting.

14, VWhich of these is an emulsion?

A. Bleach.

B. Ink.

C. Sugar dissolved in water.
D. Milk.

Y
In the following questions all the answers are correct but we would like to
find out which one you prefer.

15. If you were asked to explain the meaning of the word ELEMENT which ONE of the
following statements would you prefer to use?
A. An element is a substance which is made of only one type of atog,
B. An element is composed of atoms all of which have the same atomic

number.
C. Elements are substances where atoms all contain the same number

of protons in the nucleus.,
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If you were asked to explain the meaning of the word ISOTOPE3S which ONE
of the following statements would you prefer to use?

A.

B.

C.
D.

Isotopes of an clement are composed of atoms that have the same
atomic number but different mass numbers.
Isotopes are atoms of the same element with different numbers of

neutrons.
Isotopes are atoms of an element with different mass numbers.
Isotopes are atoms with the same atomic number but different

mass numbers.

If you were asked to explain the meaning of the wordsATOMIC MASS which ONE
of the following statements would you prefer to use?

A.

B.

c.

D.

The Atomic Mass of an element is the wei§hted mean of the isotopic
masses on the scale in which an atom of 12C is taken as 12 exactly.
The Atomic Mass of an element is the average mass of one atom of
an element on a scale where the carbon 12 isotope1gc has a mass of
12,00000a,m, u,

The Atomic Mass of an element is the average mass of an atom of
the element, taking into account the proportion of each isotope
present.

The Atomic Mass of an element is the average mass of the isotopes
of the element in their proportion.

If you were asked to explain the meaning of the wordsMASS NUMBER which ONE
of the following statements would you prefer to use?

4.
B,
o

D.

The total number of protons and neutrons in an atom is called the
Mass Number.

The Mass Number of an atom is the number of protons plus the
number of neutrons in its nucleus,

The Mass Number of an atom is the sum of the number of protons and
neutrons in that atom.

The Mass Number of an isotope of an element is the number of
protons and neutrons in the nucleus of an atom of the isotope.

If you were asked to explain the meaning of the wordsATOMIC NUMBER which ONE
of the following statements would you prefer to use?

A

B.

C.

D.

The Atomic Number of an element is the number of protons in the

nucleus of an atom of an element.
The Atomic Number of an atom is the number of protons in the

nucleus of that atom,
The Atomic Number of an element is the number of protons in en

atom of the element.
The Atomic Number of an element is the number of protons in the

nucleus of one of its atoms.
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In the following questions you have to choose the answer to fill in the
blank space. There may be more than one answer that is correct. I would
like you to choose the ONE answer which you prefer to use.

as light.

A. discharged.
B. released.
C. emitted.

D, given out,

The energy is

We have already charged atoms.

A. met.

B. come &across.
C. encountered.
D. confronted.

Atoms cannot lose electrons easily because this pulling a negative
particle (the electron) away from the attraction of the positive nucleus.

A. means.

B. involves.
C. entails.
D, signifies,

jion is attracted to all its neighbours.

In electrovalent compounds each

A. no word is needed.
B, individual.

C. separate.

D. conatituent.

Does this anything about the colour of the dichromate ions?

A. suggest,
B. signify.
C. tell us.
D, indicate.

One of the main(gg ferences which we found betwéen __igil and compounds was the
fact that the ———= of the components in a mixture could be varied while the

—27) of a —ngl- were in a fixed proportion.

A. mixtures.
B. components.
C. proportions.

A. compounds,
B. mixtures.
C. proportions.

A. proportions.
B. components.
C. compounds.

A. compound.

B. mixture.
C. component.

Thank you for your help. 257
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UNIVERSITY OF GLASGOW -~ SCIENCE EDUCATION GROUP
LANGUAGE IN CHEMISTRY

PINK 'B' 7EST (78)

In which one of the following compounds docs covalency predominate?

A. Potassium bromide.

B. Carbon tetrachloride.
C. Silver iodide.

D. Aluminium chloride.

Which one of the following solutions would have an appreciable electrical
conductivity?

A. A glucose solution.
B., A salt solution.
C. A sugar solution.
D. A starch solution.

When calcium is added to water which of the following are the products?

A. An acid and oxygen.

B. An acid and hydrogen.
C. An alkali and oxygen.
D. an alkali and hydrogen.

An unknown metal X was found to be more reactive than sodium, TVhich one of
the following predictions is most likely to be correct?

A, It will oxidise readily in air.
B. It should be stored under water.

C. Its compounds will be unstable.
D, It will be obtained from its oxide by reduction with carbon.

Which one of the following does not conduct electricity when it is a solid
but does conduct electricity when it is a liquid?

A. Sulphur.

B, Hydrogen chloride.

C. Potassium bromide.

D. Carbon tetrachloride.

When a concentrated aqueous solution of potassium iodide is electrolysed the
product at the positive electrode is:

A. hydrogen.
B. oxygen.

C. potassium.
D. iodine.

A sample of element X contains the following types of atom:

13 15 16
7X 7X 7X

The electronic configuration of the element is

A 2,4.
B. 2,5,
C. 2’6.

D. 2’7. 258
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An isotope
An atom of

A.
B.
c.
D.

Some atoms
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of aluminium has an atomic numbe: of 13 and a mass number of 27.
this isotope will contain

14 protons and 13 neutrons.
13 protons and 14 neutrons.
14 protons and 13 electrons.
13 protons and 14 electrons.

of an element are heavier than other atoms of the same element.

This is because they have different numbers of

A.
Bl
c.
D.

When a gas
called a:

A.
B.
c.
D.

neutrons.
nuclei.
protons,
electrons.

dissolves in a liquid, the mixture of the gas and the liquid is

bubble.
solute.
solution.
solvent.

When making water fit to drink, mud is removed from pond water by:

A.
B.
cC.
D.

chlorination.
distillation.
filtration.
precipitation.

When a solid dissolves in a liquid, the solid part is called:

A'
B,
C.
D.

Solvent.
Solution.
Residue.
Solute,

Which one of the following is a non agueous solvent?

A,
B'
CD
D.

Water.
Starch.
PetrOlo
None of these.

Particles in a colloid:

A,
B.
C'
D.

can be seen without a microscope.

will not go through filter paper.

settle to the bottom of their container in time.
can reflect light and make a beam.

In the following questions all the answers are correct but we would like to
find out which one you prefer.

If you were asked to explain the meaning of the word ELEMENT which ONE of the
following statements would you prefer to use?

A. An element is a substance which is made of only one type of atom.
B. An element is composed of atoms all of which have the same atonic

number.

C. Elements are substances where atoms all contain the same number of

protons in the nucleus.
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16. If you were asked to explain the meaning of the word ISOTOPES which ONE
‘of the following statements would you prefer to use?

A. Isotopes of an element are composed of atoms that have the same
atomic number but different mass numbers.

B. Isotopes are atoms of the same element with different numbers of
neutrons.

C. Isotopes are atoms of an element with different mass numbers.

D. Isotopes are atoms with the same atomic number but different
mass numbers,

17, If you were asked to explain the meaning of the wordsATOMIC MASS which ONE
of the following statements would you prefer to use?

A, The Atomic Mass of an element is the weighted mean of the isotopic
masses on the scale in which an atom of 12C is taken as 12 exactly.

B. The Atomic Mass of an element is the average mass of one atom of
an element on a scale where the carbon 12 isotope1gc has a mass of
12,00000a,m.u, '

C. The Atomic Mass of an element is the average mass of an atom of
the element, taking into account the proportion of each isotope

present,
D. The Atomic Mass of an element is the average mass of the isotopes

of the element in their proportioa.

18. If you were asked to explain the meaning of the wordsMASS NUMBER which ONE
of the following statements would you prefer to use?

A. The total number of protons and neutrons in an atom is called the

Mass Number.

B. The Mass Number of an atom is the number of protons plus the
number of neutrons in its nucleus,

C. The Mass Number of an atom is the sum of the number of protons and
neutrons in that atom.

D. The Mass Number of an isotope of an element is the number of
protons and neutrons in the nucleus of an atom of the isotcpe.

19. If you were asked to explain the meaning of the wordsATOMIC NUMBER which ONE
of the following statements would you prefer to use?

A. The Atomic Number of an element is the number of protons in the

nucleus of an atom of an element.
B. The Atomic Number of an atom is the number of protons in the

nucleus of that atom.
C. The Atomic Number of an element is the number of protons in an

atom of the element.
D. The Atomic Number of an element is the number of protons in the

nucleus of one of its atoms. )
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In the following questions you have to choose the answer to fill in the blank
space, There may be more than one answer that is correct. I would like you
to choose the ONI answer which you would prefer to use.

We learned that the nucleus of en atom is in the heart of the atom.

A, found.

B. concentrated.
C., focussed.

D. situated.

the Periodic Table at the front of the book and remind yourself of
the names of the noble gases.,

A, Look at.
B. Examine.
C. Refer to.
D. Peruse,

The gas which you are able to smell at the onode during the electrolysis of
copper chloride molecules of chlorine.

A. was made up of.
B. was composed of.
C. consisted of.
D. comprised of,

ion is attracted to all its neighbours.

In electrovalent compounds each

A. no word is needed.
B. individual.

C. separate.

D. constituent.

to different amounts of energy.

Different colours

A. accord.

B, relate.

C. mean.

D. correspond.

One of the main d% ferences which we found between {23)_ and compounds was the
fact that the 2 of the components in a mixture could be varied while the

2 of a—(28) were in a fixed proportion.

A. mixtures.
B. components,
C. proportions.

A. compounds.
B. mixtures.
C. proportions.,

A. proportions.
B. components.
C. compounds.

A. compound.
B. mixture,
C. component.,

Thank you for your help.
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SCIENCE EDUCATION GROQUP

Language in Chemistry

Yellow '0! Test (1979)

In each of these questions choose the substance that is a compound

Answers
Question
A B C D
1. Rust Air Lead Tin
2o Iron Milk Sulphux| Salt
S Copper { Ice Silver | Sulphur

in the diagrenm below could be called the filtrate?

4. thich of the substances

\
y 1
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5., Calcium oxide dissolves in water., This solution would have a pH of
1.

between 2 and 7.

T

between 8 and 14,

QW >

Vhich one of the following solutions of a salt in water is the least

concentrated?

A1
B 98
O/ o
D 5g

water.
water.
water.
water.

of
of
of
of

in 150m§
in 10cn?
in 15cm)
in 10cn-

salt dissolved
galt dissolved
salt dissolved
salt dissolved

of
of
of

of

Which beaker of water and spatula of salt would make the most dilute
solution when nixed?

20 = Do ., ;fe\, x
\‘:’/ , \{« & - P > e P :}, .

Te
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Copper wien heacted in air turns black., Copper heated in the absence of air
does not turn blacke. lhich one of the following statements is true about
copper?

When heated: A 1in the absence of air it loses weight.

B in air it stays the same weight.

C in the aFsence of air it stays the same weight.
D

in the al ience of air it gains weight.

A brass contains 75 per ceat ¢t )per, 22 per ceat zinc, 2 per cent aluninium
and 1 per cent lead,

What is the most abundant 2:2lement in this brass?-

A Aluminiw,
B Copper.

C Lead.

D Zinec..

To tell ethene and propanol apart, just by looking at them, you would have
to know that

A the nolecules of propanol are larger than those of
ethene,

B ethene molecules contain a double boad whereas
propanol rniolecules do not.

C ethene is a gas and »ropanol is a liquid.

D propanol iz an alcohol and ethene is not,

4 sauvle of element X contains the following tyves of atom:

13X 15X 16X
. 7 7 T
The electronic configurac¢ion of the elerment is
A 2,4,
B 2,5
C 2'60
D 2,7.

An isotope of aluninium has an atomic number of 13 and a mass number of 27.
An atom of this isotope will contain

A 14 protons and 13 neutrons.
B 13 protons and 14 neutrons.
C 14 protons and 13 electrons.
D 13 protons and 14 electrons.

Sone atoms of an element are heavier than other atones of the same elenment.
This is because they have different numbers of

A neutrons,

B nuclei,

C oprotons.
D electrons,

Vhich one of the follouing pairs of particles would contain equal numbers of
protons?
Na and Na¥.

A

B Hat and Ne.

¢ C1™ and Ar.

D Kt and Ca™, ,
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Vhich one of the following particles has the same number of electrons as a
calcium ion?

A A potossium atonm.
B A potassiun ion,.
C
D

A nagnesium ion.
A chlorine atom.

thich statenent is not true?

A The proton does not have the same nass as an electron.
B The hydrogen nolecule contains two atons.
C 1Isotopes of chlorine do not have different numbers
of protons in their atons.
D The elenent with Atonic Iumber 13 is & non metal,

In which of the following elements do most of the atoms contain equal numbers
of protons and ncutrons?

A TFluorine.
B Oxygen.

C Chlorine.
D Hydrogen.

A compound with the general formula XY3 would be likely to be formed from which
of the following nairs of elenents?

A Prosphorus and hydrogen.
B IIydrogen and sulvhur,
C Sulphur and chlorine.
D Chlorine and carboin.

Atons of X have two electrons ia the outer shell,
Atons of Y have scven electrons in the outer shell.
Atoms of X end Y combine.

Thich one of the follouwin~ statements is true?

The compound forned hes the formula XY2.
Xt ions are forned.

Y2~ fons are forued.

The conpound forrned is covalents

UQw s

Which of the following compounds has a fornula of the type XoY where both ions
have the sane electronic arrangement as argon (2,8,8) ?

A Potassiun sulphide,
B Calciun chlorice.
C Sodiunm fluoride.
D Dotassiun oxide.

An analysis of 243 of antimony oxide showed that 20z were antimony and 4z were
Knowing that the atonic weizht of antinony was 120 and that of oxygen

OXYEC e

was 16, which of the following fornulae would correctly represent antimony oxide?
A SbO.
B Sboo.
D Sb203.

264



22,

23.

24

25

26,

27,

-4 -

A solution of a salt is elcctrolysed. At the nezative elcetrode a brown
deposit forms and at the positive electrode & ycllowish green gas is evolved,
Which of the following could have been the salt?

A Potasziun bromide.
B Lead chloride.

C Copper chloride.
D Caleiun iodide.

Which one of these compounds is covalent?

A Caleciun fluoride.
B Sulphur chloride.
C Sodium bromide.

D Potassium iodide.

To nake an exactly O.1 Ilolar solution of sodiun chloride (formula weight = 58.5)
what would you do?
A Dissolve 5.35z of sodium chloride in 100nl of water.
B Dissolve 5.85z of sodiun chloride in water and nale
up with water to 1 litre of solution.
C Add 100nl of a molar solution of sodium chloride to

1 litre of water.
D L4dd 5.85g of sodiun chloride to 1 litre of water and

shalze until dissolved.

In which one of the following are the netals arranged in decreasing order of
activity?

A Iror, calciu, sodiun.
D Calciun, iron, sodiun,
C Iron, sodiun, calecium.
D Sodium, calcium, iron.
////,,»—«w“\\
METAL P el ™,
UET FILTER PAPER = = = = = = - (v))
HETAL Q \\ _ /
\'"%.‘ o~
tthich poir of metals would give the lowest rcading on the voltmeter?
IETAL P IETAL Q
A Zine Copper
3 Magnesiun Silver
C Iron Tin
D Lead Platinun

Carbon reduces iron(Il) oxide ot high temperaturc but does not reduce magnesium

oxide. Which of the following statenents is a correct deduction from these

facts?

Magnesiun ions accept clectrons less easily than do
iron(II) ious.

Iron is a nore active netal then nagmesiws,

Oxides of netals are stable compounds,

Iron(II) oxide forus iron(II) carbonate with hot carbone

caw b
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Which poir of compounds would both deconpose when heated separately with a
bunsen burner?

Sodiun nitrate, calciun oxide,.
Zinc oxide, lithiun nitrate.
Covper carbonate, nercury oxide.
Potossiua carbonate, silver oxide.

Daw e

In the following questions you have to choose the answer to fill in the
blank space. There ray be nore than one answer that is correet. I would
like you to choose the QOIE answer which you would prefer to use.

When lithiun is added to the water you can see

A efflorescence. B bubbles. C effervescence. D frothing,

Substances wiich conduct clectricity when dissolved in water or when nolten
are called clectrolytes. These substances are by electricity.

A senmcrated, B deconposed. C broken down. D resolved.

dodiwn chloride solution conducts electricity .

A no word necessary. B sufficiently. C greatlye D appreciably.

In the following questions choose the word or phrase which you feel fits best
into the blanit spacec.
Carborunden and diamond arc both made of giant molccules. All substances nnde

of giant nolccules have nelting points sbove 1000°C. Silicen is also made of
giant nolecules, , silicon has & melting point above 1000°C,

However
Yet
Nanely
Therefore

QW

Ionic salts dissolve in water to form solutions which conduct electricity.
Sodiurt chloride and potassiun chloride are both ionic salis,
gsolutions of both salts will conduct electricity.

A On the other hand
B Consequeatly

C Conversely

D Ilowever

In the following questions nore than one answer nay be correct but we would
like to find out which one vou prefer.

If you were asked to explain the neaning of the word element which ONE of
the following statenents would you prefer to use?

A An elenent is a substance which is mcde of only one
tyne of neutron,

B An elenent is composed of etoms all of which have the
sare nass nuber.

C EClements dre substances where atons all contain the
sane nunber of protons in the nucleus.

% An elenent is mnde of only one type of ator
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35. If you werc asked to explain the neaning of the word isotopes which ONE of
the followins statencnts would you prefer to use?

A TIsotopes of an elemcnt are composed of atoms that
have the sane atonic number,

B Isotopes arc atoms of the same element with different
nunbers of protons,

C Isotopes are atons of an elenment with different noss
nunovers.

D Isotopeg are otons with the same atonic nunmber but
different nass nwibers. ’

36, If you werc asked to explain the neaning of the words lMass Mumber which ONL
of the following statenents would you prefer to use?

A The total number of protons end electrons in an
cton is called the mass nunber,

B The mass nunber of an atom is the number of protons
plus the number of electrons in its nucleus.

¢ The mass nunber of an aton is the sum of the nunmber
of protons and neutrons in that aton,.

D The mass number of on isotove of an eloment is the
nunber of protons cnd neutrons in the nucleus of
an aton of the isotope,.
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In each of these questions choose the substance that is an element

Ansvers
Question
A B C D
15 Chlorine Salt Sugar Vater
2 Alcohol Milk Solder Tin
e Acid Iron Litnmus Rust
i

Which method would be best for separating a mixture of an insoluble solid
and a liquid?

A Crystallisation
B Distillation

C Evaporation

D TFiltration

The burning of calecium in oxygen produces an oxide which, when it is added
to water, gives a solution whose pH value is

ARG
B between 2 and 7.
DR

D between 8 and 14.

Uhich one of the following solutions of a salt in water is the most
concentrated?
3

A 11g of salt dissolved in 10cm] of water.
B 9z of salt dissolved in 10cnm of vater.
¢ 7g of salt dissolved in Scm? of water.
D 5g of salt dissolved in Scm3 of water.

Which beaker of water and spatula of salt would nale the nost concentrated
solution when mixed?
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8. A piece of copper, vwhen heated directly in the bunsen flane, turns black
but when heated in a hard glass tube from which 2ll air has been removed
it does not turn black. VWhich one of the following statemnents is true

about copper?
When heated: A in the tube it loses weight.
B in air it stays the sane weight.
C in the tube it stays the saue weight.
D in the tube it gains weight.

9. A brass contains 75 per cent copper, 22 per cent zine, 2 per cent aluninium
and 1 per ceat lead,

What is the least abundant element in this brass?

A Zinc,
B ILead.
C Copper.

D Aluminium,

10, To distinguish visually between ethene and propanol, one would have to
know that

A the molecules of propancl are larger than those of ethenc.
B ethene molecules contain a double bond whereas propanol molecules

do not.
C ethene is a gas and propanol is a liquid,
D nropanol is an alcohol and ethene is not,.

11. A soanple of elenent X contains the following types of atom:

13X 15x 16X
7 7 7

The electronic confipuration of the element is

A 2,4.
3 2,5.
c 2’6.
D 2,70

12. An isotope of aluninium has an atomic number of 13 and a nass number of 27.
An atom of this isotone will contain

A 14 protons and 13 neutrons,
B 13 protons and 14 neutrons.
C 14 protons and 13 electrons.
D 13 protons and 14 electrons.

13. Sone atoms of an element cre heavier than other atous of the same clenent.
This is because they have different nwibers of

A neutrons.
B nuclei.

C protons.
D electrons,
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Equal numbers of protons would be contained in wvhich one of the following
pairs of particles?

-t
A Na and Ta

B z:a+ and He
C = and AE
D K* end Ca

Vhich one ef the following particles does not have the sane number of
electrons as a caleiun ion?

A potassiun ion.
A potassiun aton.
In argon aton,

A chlorine aton.

O Qo

Vhich statenent is true?

L The proton has the sane nass as an clectron.
B The hydrogen nolecule contains three atoms.
C Isotopes of chlorine have different numbers of protons in

their ctons.
D The clement with Atonic ITumber 13 is a netal.

In vhich of the following elenents do nost of the atoms contain unequal
nuibers of rrotons and neutrons?

A Carbon.
B PFluorine.
C itrogen.
D Oxygea.

tthich of the following pairs of elements are likely to forn a conpound with
the general fornula XY3 ?

A Phospicrus and hydrogen.
B Hydrogen and sulphur,

¢ Sulphur ~nd chlerine.

D. Chlorine and carbon.

Atons of element X, which have two electrons in the outer shell, combine
with atons of element Y, which have seven electrons in the outer shell,
thich one of the following stateneants is ftrue?

The conpound formed has the fornula XY2.
X+ ions are forned.

Y2~ ions are formed.

The connowid formed is covalent,

o i~

4 conpound, where both ions have the sane electronic arranzement as argon
(2, 8, 8), has a fornula of the type X2Y. Which of these compounds is it?

Potassiun sulphide.
Calciun chloride.
Sodiun fluoride,
Potassiun oxide.

OaQw-
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From an analysis of 24g of antinony oxide, which showed that 20g were
antinony end 4g were oxygen, which of the following fornulae would

correctly represent antinony ozide, knowin; that the atonic weight of antimony

was 120 and that of oxygen was 16 ?

A SbO
3 Sb0o
C Sb03
D Sb 203

Which of the following could be a salt vhich, when a solution is electrolysed,
gives a brown deposit at the negative electrode and evolves a yellowish green

gas at the positive electrode?

A Potassiun bronide.
3 Llead chloridec.

C Coprer cilloride.
D Calcium iodide,

In which onc of the following compounds is there a tendency for covalency

to predonminate?
/

Caleciwa fluoride.
Sulphur chloride,
Sodiuwn bronide,

Potagssiwa iodide.

o aQw b

Yhich of the folloving vrocedures would be expected to »roduce an exactly
0.1 Holar solution of sodiun chloride (formula weight = 58,5) 2

L Dissolving 5.85g of sodiwai chloride in 100 nl of water.

B Dissolving 5.8%z of sodium chloride in water and
naliing up with water to 1 litre of solution,

C Adding 10021 of a nolar solution of sodiun chloride
to 1 litre of water.

D [dding 5.85z of sodiun chloride to 1 litre of water
and shalting until dissolved.

In wvhich one of the following are the netals arranged in increasing order
of activity? .

A Sodiun, ccleiun, iron.
B Caleiunm, iron, sodiun,
C Iron, sodiun, calciun.
D Iron, calcium, sodiua,
T

IETAL P 4 /" o o

YET FILTER PiPER = = — = = = = = ")}

\ - ;-a.;:'-w"j

IETAL 9 i

Which pair of netals would give the highest reading on the voltmeter ?

METAL P METAL Q
A Zine Copper
B Iron Tin
¢ !Magnesiun Silver
D Ilead Platinun
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Iron(II) oxide is reduced when 1t is heated with carbon, but nagnesium oxide
is unaffected by this treatment., Vhich of the following statements is a
correct deduction fron these facts?

4 lkgnesiun ions accept clectrons less easily than do iron(II)
10nS8.

B Iron is a nmore active netal than magnesiun,

C Oxides of netals are stable compounds.

D Iron(II) oxide forns iron(II) carbonate with hot carbon,

In which of the following would both conpounds not have been deconposed
vhen heated separately with a buncsen burner?

A Sodiwa nitrate, silver oxide.

3 HMercury oxide, zinc nitrate.

C Potossiwa carbonate, calciun oxide.
D Copper carbonate, lithium nitrate,

In the following questions you have to choose the answer to fill in the
blanl space. There noy be nore than one answer that is corrccts T would
like you to choose the ONE answer which you would nrefer to use.

Two elements have the electronic arrangenent 2, 8 and 2, 8, 8. These
elenents are particularly .

A unrcective. B inert. C staoble, D inactive.

Place a snell crystal of blue copper(II) sulphate in the uater at one side
of the dish and a siall crystal of potossiun ferrocyanide at the other.
These should give evidence for the of the ions.

A novenent, B diffusion. C spreading. D disnersion.

The conper coloured vires which you have been using in your electrolysis
are not coriposed of blue covper ions!

A plainly. B obviously. C mnanifestly, D evidently.

In tho following questions choose the word or phrase which you feel fits
best into the blanl: space,

The forrula of carbon dioxide is COQ; & carbon dioxide
nolecule contains one carbon aton and two oxygen atons.

A for exanple.
B such as

C conversely
D thot is

Students shall not %taste acids and bases; they should not
taste any dangerous cihenicals,

L nevertheless

B indeed

C althouch

D consequently
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In the fellowing questions more than ore answer may be correct but we vould'
like to find out which one you prefer.

34, If you were askxed to explain the meaning of the word elemen* which ONE of
the following statements wculd you prefar to uge?

A An element is a substance which is made of only one type
of nsutron,

B An element is composed of atoms all of which have the same
mass number,

C Elements are subatances vhere atoms all contain the same
pumber of protons in the nuclaus.

D An element is made of cnly one type of atom.

35 1If you were askad to explain the meaning of the word igotopes which ONE
of the folloving statements woulid you prefer to use?

A Isotopes of an elsment are composed of atoms that have the
sape atomic¢ number,

B Isotopes are satoms of the sane element with different
nunbers ¢f protous,

C Isotores are atoms of an element with different mass numbers,

D Isotopes are atoma with the same atomic number but different
mass punbers.

360 If you were asked to explain the meaning of the words Mass lumber which
ONE cf tha following statements would you prefer to use?

A The total number of protons and electrons in an atom is
called the mass numbar,

B The mass number of an atom is the number of protous plus
the nuxber ¢f electrons in its nucleus,

C The mass number c¢f an atom is the sum of the number of
protons and neutrons in that atom.

D The mass nucsber of an isotope of an element is the nunmber
of protons and neutrons in the nucleus of an stom of the
isotope,
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Each of the following five sentences (1 to 5) has a "twin" among the answers list (lettered
A to E) i.e. asentence with a similar meaning. Find the "twin" of each numbered

sentence and mark the space for its letter on your answer sheet,

1. Empty vessels make the most sound.

2, Don't count your chickens until they are hatched,
3. Patience wears out stones.
4

5

Imitation is the sincerest form of flattery.
It never rains but it pours.

Answers '

A) Troubles seldom come singly.

B) He that persists, succeeds.

C) We copy only those we aodmire.

D) There's many a slip 'twixt cup and lip.
E) Much cry, little wool.

In each sentence in questions 6 to 8 there is a hidden word in one of the sections.

the space for the section on your answer sheet,

é. FIND THE ANIMAL OR FRUIT

The long | lost riches | of the Incas | will never | be found.
A B C D E
7. FIND THE ANIMAL OR FRUIT
They l tried hard | not to l drop lumps | of wax.
A B C D E

8. FIND THE WORD THAT GOES BEST WITH CHAR AND BURN

One of the most | direct routes

A B D E

C

In questions 9 to 11, choose the best word to complete the sentence.

9. Lung is to breathe as heart is to: A) blood
B) valve
Q pump
D) life
E) mind
10. Square is to gircle as cube is to: A) arc
B) cylinder
Q) cone
D) pyramid
E) sphere
11, Mechanic is to machine as physician is to: A) hospital
B) medicine
Q) gymnasium
D) patient
E) |aboratory

PLEASE GO ON TO THE NEXT PAGE
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Mark

to America ’ is across | the Atlantic Ocean.
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In questions 12 to 14 choose one word which means the opposite of the word in capital
letters.

12. The opposite of AMIABLE is: A) hostile
B) discontented
Q) disillusioned
D) unwanted
E) abominable
13. The opposite of DURABLE is: A) ephemeral
B) dogged
C) patient
D) imponderable
E) tolerable
14, The opposite of OPAQUE is: A) crystal
B) transparent
) vague
D) void
E) legible

In questions 15 and 16 choose one word which means the same as the word in capital
letters.

15. HARMONY means the same as: A) tune
' B) consent
) entirety
D) duet
E) agreement
16. EVOLVE means the same as: A) spin
- B) include
@) develop
D) dance
E) avoid
17.  The one word which is most like PRAYER, REQUEST and DEMAND is:
A) investigation
B) entreaty
C) discussion
D) question
E) examination

A, B, C, D, and E give examples of classes of things.

A, orange, ham, beer B. oak, elm, beech C. desk, carpet, window
D. cat, sparrow, fly E. ndil, leg, eye.

On your answer sheet, mark the letter of the class to which the following things
(questions 18-22) best belong.

Example: Teak belongs best in class B,

18. human

19. peanut

20, paw

21. vine o
22.  light =0

PLEASE GO ON TO THE NEXT PAGE
-2- '



The following five words (A = E) can each have several different meanings. For each
of the questions 23 to 29, mark on your answer sheet the letter of the word which goes
hast or most often with the word in question.

For example: hand, chair and weapon could all go with ARM,

A) TENDER B) SACK C) FAIR D) GRAVE

23,
24.
25.
26.
27,
28.
29.

30.

31.

32.

33.

engine
plunder
bid
secure
serious
green
share

RENOUNCE means the same as:

OBNOXIOUS means the same as:

RELINQUISH means the same as:

The earth is to the sun as the moon is to the:

E) FAST

A)
B)
C)
D)
E)

A)
B)
C)
D)
E)

A)
B)
<)
D)
E)

A)
B)
C)
D)
E)

Thermometer is to barometer as temperature is to:

PLEASE GO ON TO THE NEXT PAGE
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A)
B)
Q)
D)
E)

declare
dismiss
repeat
defect
disclaim

offensive
oblivious
troublesome
poisonous
officious

abandon
transfer
refrain
dismiss
cancel

earth
stars
night
planets
universe

weather
pressure
atmosphere
forecast
climate

w7



25, The opposite of DEGENERATE is:

36. The opposite of COMPETE is:

37. The opposite of HAMPER is:

In a new language:

38. The words for SHE 1S WET are:

39. The words for HE IS are:

40, The words for AND SHE WAS are:

It is cold = ist el sup
He was wet = rist els supi
She is cold and wet = ist ler rist elis sup

A)
B)
C)
D)
E)

A)
B)
Q)
D)
E)

A)
B)
C)
D)
E)

generate
generous
charge
upstanding
autocratic

co-operate
renovate
surfeit
defeat
replete

empower
unshackle
unburden
facilitate
precede

ist elis sup

ler el supi
rist elis sup
rist els supi
None of these

ist el

rist els
ist elis
els sup
ist ler

ist els sup

ler rist sup
rist els sup
ler elis supi
None of these

[F YOU HAVE TIME, PLEASE CHECK THAT YOU HAVE ANSWERED EVERY

QUESTION,
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41,

43,

47,

. )
The temperature of the acid was 0°C. The temperature of the powder was 25°C. The
metal had a negative temperature.

A.  The temperature of the metal was between the acid and the powder.
B.  The metal was colder than 0°C,

C. . The metal was warmer than the acid and the powder,

D.  The temperature of the metal had not been measured.

Which sentence uses the word correspond correct!y?

The fingers on the hand correspend to the toes on the feet.
The head corresponds to the neck.

The stomach corresponds to the mouth and intestines.

The feet correspond to the head.

coz»

Which sentence uses the word efficient correctly?

A Children need to eat efficient food to grow strong and healthy.

B. Large brooms are more efficient than small brushes for sweeping the school yeard.
C. The sick boy did not eat enough green vegetables and was efficient in vitemins
D

as a result.
The girl did not stay at the school for an efficient time to learn English

properly.

"If it is an acid, then it will turn litmus red." The converse of this statement is:-

A, If it is not an acid, then it will not turn litmus red.
B. If it is an alkali, then it will turn litmus blue.

If it turns litmus red, then it is an acid.

It will only turn litmus red if it dissolves in water,

C.
D

Jim said something which was valid. He was

correct,

hard to understand.
telling a lie,

saying something new ,

OOw »

Which one of the following is not a choking gas?

A,  Sulphur dioxide

B.  Hydregen chioride
C. Chlorine

D. Oxygen

Which gas has two atoms in every molecule?

A.  Carbon dioxice

B. Oxygen

C. Argon

D. Hydrogen sulphide

1y}
{(n
s
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47,

30.

St.

52,

33.

An atom of element Y can be represented as ]86Y. How many bonds would element Y
form?

ONw>
oo O

An element has an atomic number of 4. Another element in the same column of the
Periodic Table would have an atomic number of

A, 14
B. 12
. 10

- D. 8

Which one of the following when heated would give a metal?

A. Silver oxide

B.  Magnesium chloride
C.  Copper(ll) oxide

D. Aluminium oxide

A melted compound conducts electricity but when solid does not conduct . This
suggests the bonding in the compound is

A. covalent.
B. polar covalent.

C. metcllic.
D. ionic.

A sample of element X contains the following types of atom .

13, 15 16
7)\ 4 7X 7X

The electronic configuration of the element is

A, 2,4
B, 2,5
C. 2,6
D. 2,7

An isotope of aluminium has an atomic number of 13 and a mass number of 27. An atom
of this isotope will centain

A 14 protons and 13 neutrons .
B. 13 pretons and 14 neutrons .
C. 14 protons and 13 electrons .
D 13 protons and 14 electrons .



54.

56.

57.

38.

Some atoms of an elemeant are heavier than other atoms of the same element. This is
because they have different numbers of

A.
B.
C.
D

neufrons.
nuclei.
protons.
electrons.

An element X of atomic number 13, forms a chloride, Which one cf the following would
be the formula of the chloride?

A,
B.
C.
D

XC14
XCl
XQ
XC1

3
2

An element has only three isotopes of mass numbers 14, 16 and 17, Which one of the
following could be the ctomic weight of the element?

A,
B.
C.
D.

19.9
11.7
17.2
15.1

A sarﬁple of copper(l!) sulphate containing copper(ll) oxide was powdered and mixed with
o large volume of water. The mixture was then filtered. Which one of the following

statements is true?

A.
B.
D.
In which
A,
B.
C.
D.
8, .+ 8
3LI and

A
B.
C.
D

The copper(ll) oxide would dissolve in the water.

The copper(ll) sulphate would be left in the fiiter paper.
One compound dissolves in the water and the other dees not,
The filtrate would be colourless.

cne of the following equations is the first species oxidised?

2Fe St 4+ 2C1 —= 2Fe?t 4 cl,

Cl.+H.S —= 2HCI1+5S
2 2y 4+
Snct + 2Fe” —== Sn + 2Fe

2C1™ + b2t 2+ (€,

2+

2+
Be” have the same number of

nectrons .
protons.
charges -
electrons.

W\
(Y)
(V]
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64.
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Which one of these particles A to D would be a positively charged ion?

Protons Neutrons Electrons
A, 4 5 4
B. 8 8 10
C. 12 12 10
D. 17 20 17

When marble chips react with hydrochloric acid, carbon dioxide is given off. Which
one of the following would increase the volume of carben dioxide given off?

CcCO:3 + 2HZ1 — CcCl2 + CO2 + HZO

(Y mole of CGC03 is 100 g)

2.5g of marble chips were allowed to react completely with 100cm3 2.0M (2.0 N)
hydrochloric acid. The volume of carbon dioxide could be increased by

powdering the marble chips

A,

B. making the acid more concentrated
C. using more acid ,‘
D.  using more marble chips h

Three metals Z, T and Y were added to separate solutions containing metal X ions.

Z precipitates X; T had no effect; and with Y a gas was given off from the solution,
Which one of the following shows the metals in the correct order of activity (the most
active first

A, YZIXT
B, YXTZ
C. XYZ1
D. TXYZ

Dry air contains nitrogen and oxygen. Which one of the following statements is also
correct.?

There is in the air

A. a large percentage of hydrogen and ¢ iittie cerbon dioxide,

B. o large percentage of hydrogen, about 196 carbon dioxide and a little argon.
about 1% argon and a little carbon dioxide.,

about 1% carbon dioxide and o little argon.

C.
D

Why are the ctomic weights of naturally occurring elements not whole numbers?

A. The number of prctons and neutrons in each eiement varies,

B. It is difficult to isolate the elements in the pure state.

C. Chemicci methods of atomic weight determinction are inaccurate.
D. Naturally occurring elements are mixtures of isotopes.

What oxide is least soluble in water?

A. Magnesium oxide,

B. Phosphorus(V) oxide.,

C. Silicon{lV) oxide.

D. Sulphur dioxide. cgo

VAT n s pe i e e
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What would be the pH of the solution formed when calcium oxide dissolves in water?

A, Between 2 and 5
B. Between 5 and 7
c. 7

D Above 7

Which metal nitrate would give off only oxygen when heated?

A.  Copper(ll) nitrate
B. Lead(ll) nitrate
C. Silver nitrate

D. Sodium nitrate

Tritium has mass number 3. Helium can also have a mcss number of 3. These
two are not considered to be atoms of the same substance because

A. they are isotopes.

B.  they have the same number of neutrons.

C.  the weight of the electrons makes an appreciable difference here,
Dc

they have different numbers of protons.

When powdered copper and sulphur are heated gently together, the mass glows red
hot and the product is black. Which of the following conclusions can be correctly

drawn from these observations alone?

A.  The copper and sulphur have combined to form copper(ll) sulphide.
B.  The copper and sulphur have combined to form only one compound.
C. A mixture of copper and sulphur remains.
D. The copper has reacted with the sulphur,

Element X has two electrons in the outer shell, Element Y has seven electrons in -
the outer shell. Which cne of the following statements about a compound of X and

Y is true?

A,  The formula is XY2.
B X¥ions are present,

C. Yz-ions are present,
D

The compound is covalent,

¥
)

\
3
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41.

42,

43.

43.

44,

47,

: . )
The temperature of the acid was 0°C, The temperature of the powder was 25°C.
The metal had a negaiive temperature.

A.
B.
C.
D

UNW >

The temperature of the metal wes between the acid end the powder,
The metal was colder than 0°C.

The metal was warmer than the acid ond the powder,

The temperature of the metal had not been measured.

‘Which sentence uses the word correspond correctly?

The fingers on the hand correspond to the toes on the feet.
The head corresponds to the neck.

The stomach corresponds to the mouth and intestines.

The feet correspond to the head,

Which sentence uses the word efficient correctly?

A

B.
C.
D

Children need to eat efficient food to grow strong and healthy.
Large brooms are more efficient than small brushes for sweeping the school yard.
The sick boy did not eat enough green vegetables and was efficient in vitamins

as a result,

‘The girl did not stay at the school for an efficient time to learn English

properly.

"If it is an acid, then it will turn litmus red." The converse of this statement is:=

A,
8.
C.
D.

If it is not an acid, then it will not turn litmus red.
If it is an alkali, then it will turn litmus blue,

If it turns litmus red, then it is an acid.

It will only turn litmus red if it dissolves in water,

Jim said something which was valid, He was

DOw

correct,

hard to understand,
telling a lie.

saying something new,

Which one of the following is not @ pungent gas?

A.
B.
C.
D

Sulphur dioxide
Hydrogen chloride
Chlorine

Oxygen

Which gas has diatomic molecules?

>

onNnw

Carbon dioxide
Oxygen

Argon

Hydrogen sulphide



48.

50.

51.
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33.
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An atom of element Y can be represented as ]86Y. What is the valency number of
element Y?

A

o oM O

B.
C.
Do

An element has an atomic number of 4, Another element in the same group of elements
in the Periodic Table would have an atomic number of

A, 14
B. 12
c. 10
D. 8

Which one of the follewing when heated would leave a metallic residue?

A. Silver oxide

B. Magnesium chloride
C. Copper(ll) oxide
D

., Aluminium oxide

A fused compound conducts electricity but when solid does not conduct. This suggests
the bonding in the compound is '

A. covalent.

B. polar covalent.
C. metallic.

D. ionic.

A sample of element X contains the following types of atom.
13 15, 16
7% 75 78

The electronic configuration of the element is

Ao

’

. ’

B
C.
D

NN
NOoO-Ov

4
14
An isotope of aluminium has an atomic number of 13 cnd a mass number of 27. An atom
of this isotope will contain

A 14 protons and 13 neutrons.
B. 13 protons and 14 neutrons.
C. 14 protons and 13 electrors.
D. 13 protons and 14 electrons.
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54,  Some atoms of an element are heavier than other atoms of the same element.
beccuse they have different numbers cf

A. neutrens.
B. nuclei.

C. protons.
D

electrons.

5. An element X of atomic number 13, forms a chleride. Which one of the following would
be the formula of the chleride? '

A, XC14
B. XC13
C. XC]2
D. XQ

An element has only three isotopes of mass numbers 14, 16 and 17. Which cne of the
following could not be the atomic weight of the element?

A, 14,2
B. 15.4
c. 16.3
D. 17.1

57. A sample of copper(ll) sulphcte containing cepper(ll) oxide was powdered and mixed with
a large volume of water. The mixture wes then filtered. Which ene ¢f the following

statements is not true?

A.  The cepper(il) su'pncfe would dissclve in the water,

ret .

g, The cocper(l]) oxide would be left in the filter pager,

C. The cvpoer(H) sulchete and the copoer(ll) oxice weould be left in the

filter paper.
D. The filtrate woula ke a blue soluticn.

8. In which cne of the follewing equations is the f

A, 2FetT s +Cl, N TR Yo

B. H S + C]2 —>2AC1 + S
7. 24 -
C. 2C1 +PbT —=PL (Y )2
2+ L. 3+ b+t 2+
0. Sa“ +2fe” —>5n" -:-2:-32
. . g+ 8 2
9. Which statemznt is true cbeut the ions SLx and :83‘ :
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62.

63

The numbers of electrons, profons and neutrons in four particles A to D are lnsfed below.
Which one of them represents a positively charged jon?

Protons Neutrens Electrons
A. 4 5 4
B. 8 8 10
C. 12 12 10
D. 17 20 17

ca.‘c:o3 + 2HC1 —> CaCl,, + CO, + H,O
(1 mole of Cc:CO3 is 100g)

2.5g of marble chips were allowed to react completely with 100cm3 2.0 M (2.0 N)
hydrochloric acid. The volume of carbon dioxide evolved could be increased by

. powdering the marble chips.

making the acid more concentrated.

using more acid of the same concentration.
using a greater mass of marble chips.

oNn®»

When a metal Z was added to the sulphate of a metal X, the metal X was precipitcted
and there was no effervescence. When the test was repeated using the metal T in place
of Z, no reaction occurred. When a metal Y was added to a solution of the sulphate
of X, a brisk effervescence occurred. Which cne of the following is the correct order
of decreasing activity (i.e. the most reactive first) of the four metals?

A, YZXT
B. YXTZ
C. XYZT
D. TXYZ

Dry air contains cbout 20% of oxygen, Which one of the following correctly describes
the cpproximate composition of the remaining 80%?

Mainly nitrogen and hydrogen with a little carbon dioxide

B.  Mainly nitregen and hydrogen with about 19 carbon dioxide and a little argen
C.  Mainly nitrogen with about 194 7o argon and a little carbon dioxide

D Mainly nitregen with about 1% ccrben diexide end a little ergon

A.

The atemic weights of most of the naturclly occurring elements are not whele numbers.
Which of the following is the best explanation of this fact?

A.  The number of protons and neutrons in each element varies.

B. Itisdifficult to isolcte the elements in the pure state,

C. Chemical metheds of atemic weight determination are inaccurate.
D Naturally occurring elements cre mixtures of isotepes,

From among the following, select the element with the oxide which is lecst soluble
in water,

A. Mcgnesium
B.  Phesphorus
C. Silicon

D.  Sulphur.

I
(34
e
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é7.

é9.

70.

Calcium is a metal which burns in oxygen to form an oxide which when added to water
gives a solution whose pH value is

A. between 2 and 5.
B. between 5 and 7,
c. 7

D. dabove7.

- — e — - -

A metal forms a nitrate which, on heating, gives oxygén as the only gaseous product .
The metal is

A.  copper,
B. lead.
C. silver.
D. sodium.

Why are gtoms with the same mass number not necessarily atoms of the same element?

It is becguse

A, they could be isotopes.,

B, they need to have the same number of neutrons.
C. the weight of electrons could be the same,

D. they could have different numbers of protons.

When powdered copper and sulphur are heated gently together, the mass glows red hot
and the product is black. Which of the following conclusions can be correctly drawn
from these observations alone?

A. The copper and sulphur have combined to form copper(ll) sulphide,
B.  The copper and sulphur have combined to form a compound.

C. A mixture of copper and sulphur remains.

D The copper has reacted with the sulphur.

.

Atoms of element X, having two electrons in the outer shell, come into contact with
atoms of element Y with seven electrons in the outer shell. Which one of the following

statements is probably not true?
A, The compound formed has the formula X2Y,
B X2+ ions are formed,
C. Y ions are formed,
D

The compound formed is ionic.

[\V]
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Joint Matriculation Board D
Investigation into Language Barriers in Chemistry (Ordinary)

SURNAME CTHER NAMES

SCHOOL

OCCUPATION OF FATHER AND/OR MOTHER

For each question make a thick pencil stroke through
the appropriate letter joining the two dots as in this -

example. Erase completely any mark you wish to change.
Do not use ink or ball-point pen.

PUPIL INFORMATION Boy Girl
- PART |

Please refer to the white question booklet and answer the 40 questions in the spaces
numbered 1- 40 below.

1 14 27
2 15 28
3 16 29
4 17 30
5 18 31
B 19 32
o 20 33
8 21 34
L9 22 35
10 23 36
1 24 37
12 25 38
13 : 26 39
' 40

PART i

You will have been provided with either a pink or a yellow question booklet. Please indicate in the
box below the colour of the bookiet you have been given.

Pink Yellow

The booklet contains 30 questions which are numbered 41- 70. Please answer the questions in the
yaces numbered 41- 70 below.

41 51 61
42 52 ' 62
43 ' 53 63
44 54 64
45 ' 55 65
46 B56 66
47 57 67
48 58 68
49 539 69
50 60 70

FOR OFFICIAL USE ONLY
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Joint Matriculation Board Appendix H

Investigation into lansuage Barriers in Chemistry {Ordinary) being
carried out in a&ssociation with the Science Education Group,

Univeraity of Glasgow

Instructions to Supervisors

Intmducticon

These instructions are for the guidance of teachers administering the
General Ability Test (Verbal) and the 'language in Chemistry' test.
(There ere two forms of the 'lLanguage in Chemistry' test: Test X (Pink)
and Test Y (Yellow)).

The aim of the 'language in Chemistry! test is to investigate the effects
of language difficulties of candidates in Chemistry (Ordinary) in ters
of key word positions, syntax end sentence lengta., Although scome
questions appear in exactly the same form in both tests, the majority

of questicns in Test X gppear in Test Y in a modified form of language.

The aim of conduéting the General Ability Test (Verbal) is to obtain
en indication of tke genmeral (verbal) ability of those candidates who

are being tested.

The Tests

The General Ability Test (Verbal) contains 4O questions (numbered from
1 %o 40) and is of 30 minutes duration. Answers to quastions for this
test skould be made in Part I of the special (combined) answer-sheet,

The 'language in Chemistry' test appears in two different foras, Test X
(Pirk) and Test Y (Yellow) should be distributed to the candidates
alternately i.e, the first candidate receives Text X, the second candidate
receives Test ¥, the third candidate receives Test X, etc, Test X and
Test Y each contains 30 questions (numbered from 41 to 70): 4O minutes

is ¢ be allowed for pupils to complete the test. Answers to questions
for this test shculd be made in Part II of the answer-sheet, FEach pupil
should ccmplete the General Ability Test (Verbal) and either Test X or

Test Y.

General Preparation

The following materials are required for each pupil on each ocecasion
(see Section D):

1. Cne General Ability Test (Verbal) beoklet OR cne Test X
(Pink) bookxlet OR one Test T (Yellow) booklet,

2., Cne combined answer-sheet,

3, Pzper for rough work,

4, Two sharpened pencils (EB) and an india rubber,
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D.

LOCr

The test superviszor vill also require:

1 A supply of spare pencils and india rubbers,

2. A stop-match or other suitable timing device.

Candidate identity

The General Ability Test (Verbal) and the 'Language in Chemistry!

test may be administered on the same occasion or on different occasioms.
If the tests are administered on the same occasion and the results of
individual candidates are required by the school, the candidates!
answer-sheets nust carry their names or be marked in scme other wy =0
that the candidates can be identified,

If the tests are set on different occasions each candidate's answer-
sheet must carry his/her identity because he/she must complete the
same arswer-sheet on which he/she recorded the answers to the first

test,

Each candidate is requested to indicate the occupation of either his/
her father or mother or both. In addition each candidate is requested
to indicate in the appropriate box whether he/she is a boy or a girl.

Procedure for General Ability Test (Verdal)

1. Pupils should first be told to fill in the information
section at the top of the answer-sheet, Note that the
school may or may not require the candidates to be
identified cn their answer-sheets (see Section D above),

2, Tne supervisor must make sure at this stage that all
pupils uaderstand how to fill in the answer-sheet
correctly.

3. The supervisor shkould then announce:

"Then you are told to start the test, try to answer each
problem in turn., ork carefully and quickly. Do not
waste tine over any question you carnot do, but go on to
the next cne, If you are not quite sure of the answer
to any protlem, mark what seems to be the best answer,
Remenber to record your answers on the answer-sheet only,
Rub out any answer you wish to change ard mark clearly

the answer you think 1s correct., Answer-sheets should be
kept flat at all times, [No rough work should be done on
the answer-sheets, If you should need ancther pencil
during the test, raise your hand. Always check to be sure
that each answer you mark btelongs to the question you heve
Just attezpted”,

Lo Then cendidates ere clear about the procedure the supervicor
should say:

"Turn to page cne, 3egin",

223
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The supervisor should write down the exact time at which

5
he says "Begin" and what the time will be after 20 minutes,
25 minutes and 30 minutes,

After 20 minutes the supervisor should announce:
"You have 10 minutes more",

and after 25 zinutes,

"You have 5 minutes more",

and efter 30 minutes,

"Stop writing".

6. Immediately after the test has been completed all test
booklets must be collected, TUnless the second session
of testing is to follow immedistely the answer-sheets
should also be collected.

Procedure for Test X (Pink) end Test Y (Yellow)

1, Fach candidate should indicate on his/her answer-sheet,
in the space provided, the colour of the paper on which
his/ber test booklet is printed. This is most important,

2. The supervisor nmust make sure at this stage that all
pupils understand how to fill in the enswer-sheet
correctly,

3. A4s for Section E, paragraph 3 (if this session of testing
follows immediatly after the General Ability Test (Verbal)
then this may be cmitted).

L. ‘“Then there are no further questions the supervisor saould
say:

"Mura to page one.  Begin",

5 The supervisor should write dowm the exact {ime at which
he says "Begin" and what the time will be after 20 ainutes,
20 minutes and LO minutes,

After 20 minutes the supervisor shculd annocunce:
"You have 20 minutes more”,
and after 30 onizutes,
"You rave 10 zminutes more",
and after 4O ainutes,
"Stcp writing".
6. Iamediately afier the test hes been completed all test

booklets and answer-sheets must be collected,

over



G.

Return of test material

All answer-sheets and test boocklets, whether used or unused, should be
returned to the Research Unit, Joint Matriculaticn Board, lanchester
M15 6ZU as socn as both tests have been completed., Before returning
test material, please separate answer-sheets of candidates entered for
the JIB GCE Caemistry (Ordinary) examination from those of other pupils,

The box(es) in which the tests were sent to the school zey be used for
their return, labels for this purpose have been provided, Postage
costs will be refunded,

"o
[{&
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Appendix I

Chemistry questions in original (Text X) and simplified (Test Y) form

together with approvriate item statistics

(The correct response is indicated by *)

(2) Questions in which there has been a change of words in key

rositions
Orizinal Question (X) Simplified Question (Y¥)
L6, Vhich one of the following TWhich one of the following
is not a pungent gas? is not a choking gas?
A. Sulphur dioxide A. Sulphur dioxide
B, Hydrogzen chloride B. Hydrogen chloride
C. Chlorine . C. Chlorine
*D. Oxygen *D. Oxygen
Original Cuestion (X) Simolified Question (Y)
L7. 'nich gas has diatoxic Vhich gas has two atons
molecules? in every molecule?
A. Carbon dioxide A. Carbon dioxide
*B, CGxygen *B. Oxygen
C. Argomn C. Argon

D. Hydrogen sulphide D. Hydrogen sulphide

From Table VI it may be seen that the simplification of these items
leads ¥ significantly higher facility values in all sub-groups except
Ability Group 1 for item no.46. It should be noted that no.46 was an

extremely easy item (Tables IV and V).

There is no difference in the pattern of responses to the incorrect
ortions in these items.

Orieinal Question (X) Simplified CQuestion (Y)
48. At atom of element,Y can An atom of elemf t Y can be

be represented as . represented as 8Y. Hon

Yhat i3 the valency nany bonds Wouldselement

nunber of elenent Y? 1 fora?

A, O A, O

.BO 2 ‘B. 2

C. 6 C. 6

D. 8 DO 8

The only significant change in this item shows as a sex difference in
favour of the girls. 2¢6
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Original Question (X) Simplified Question (Y)

Ly, An element has an atomic An element has an atomic number
number of 4. Another element of 4. Another element in the
in the same group of elements same column of the Periodic

in the Feriodic Table would Table would have an atomic
have an atomic number of nunber of

A. 14 A. 14

*B., 12 *B. 12

c. 10 C. 10

D. 8 D, 8

There were no significant differences within any sub-group of pupils between
the two forms of this question.

Original Cuestion (X) Simplified Question (Y)

50, Vhich one of the following Thich one of the following
vhen heated would leave when heated would give
a netallic residus? a metal?
*A. Silver oxide *A. Silver oxide
B, Yagnesium chloride Be. Magnesium chlorida
C. Copper (II) oxide C. Copper (II) oxide
D, Aluminium oxide D, Aluninium oxide

Table VI shows a clear trend that simplification leads to lower facility
values in sub-groups of pupils. The facility values are low but the word
'metal! would seem to be harder to understand than 'metallic residue!
verhaps because in the practical situation the result of this experiment
is so rarely like a metal, being more like the less specific 'metallic

residue'.

Original Question (X) Simolified Question (Y)
51. A fused compound conducts A melted compound conducts

electricity but when - electricity but when

solid does not conduct, solid does not conduct,

This suggests the This sugzgests the

bonding in the compound bonding in the compound

is is

A. covalent. A, covalent.

B. polar covalent. B. polar covalent,

C. metallic. C. metallic,

Q. ionic, *D. ionic,

Table VI shows that for all sub-groups there was a rise in the facility
values on simplification although three only were statistically significant.
The facility value rose from 55 for all Test X pupils to 61 for all

Test ¥ pupils; option A proved to be very popular with both samples.

297
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--(b) Questions in which the change of wording removes a negative.

Original Question (X) Simplified Question (Y)
.56. in element has only three  An element has only three

isotopes of mass numbers isotopes of mass numbers

14, 16 and 17, Vnich 14, 16 and 17. Vaich one

one of the following of the following could be

could not be the atomic the atomic weight of the

weight of the element? element?

Ao 14,2 A. 19.9

Bs 154 Bs 11,7

Co 16,3 Ce 17.2

*De 171 "D, 15.1

For every sub-group (except non-GCE cindidates) the removal of the
negative leads to a statistically significant rise in facility values -

(Table VI ) .

Original Question (X) Simplified Question (Y)

57. A sample of copper(1l) A sample of copper(ll) :sulphate
sulphate containing coprer containing copper(ll) oxide was
(11) oxide was powdered and powdered and mixed with a large
mixed with a large volume volume of water. The mixture
of water, The mixture was was then filtered. Wwhich one
then filtered., Which one of of the following statements
the following statements is is true?
not true?

A. The copper(1l) sulphate A, The copper(1ll) would dissolve
would dissolve in the water. in the water.
B. The copper(ll) oxide would B. The copper(1ll) sulphate would
be left in the filter paper. be left in the filter paper.
*C. The copper(ll) sulphate and *C. One compound dissolves in the
the copper(1ll) oxide would water and the other does not.
be left in the filter parer. D. The filtrate would be c¢olour-
D. The filtrate would be a blue less.
solution.

There were no significant changes for this item as a result of the removal
of the negative. .
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Orieinal Question (X) Simplified Question (Y)

58. ;n which one of the follow~- In which one of the follow-
ing equations is the first ing equatioms is the firs:

species not exidised? species oxidised?

Ae 2F02++ 1,9 2Fe3+;201- A, 2F33++ 2C1-9-2Fe2++012
B. HZS + C124 2HC1 + 8 B. C1 +32$ 9 23C1 + S

*Co 201 + Pb“-} Pb2+(C1 ) . Sn*s 27e%; soit*s 276

2 -
D. Sa™*s 2Fe?*3 sn**e 27¢%* D, 2017 Pb2¥s PH2H(C17)2

As Table VI indicates there was a definite trend for pupils in sub-groups
to find that the removal of the negative made the item more difficult.
Whereas in its original form options A and B attracted 8 and 31 per cent
of the pupils overall, when simplified these options attracted 32 and

18 per cent resrectively. .

(¢) Questions in which the numbers of words have been reduced.

Oricinal Question (X) Simolified Question (Y)

. thich statement is true about 8..,+ 8,2
59 ich sta eme: A 3Li andQBe + have the

- - &
a Li an B .
the ions 3 d 4 e ‘ same nunber of

A, They contain the sane A. neutrons.
nunber of neutrons. Bs protons.

B. Their atoms contain the C. charges.
same number of protons. *D. electrons.

C. They will combine with
the same number of F~ ions.
*D, They contain the same
nutnber of electrons.

There is apparently no effect on facility values resulting frem the
simplification of this difficult item. In the simple version option C
was considerably less attractive to pupils than it was originally.

Oririnal Question (X) Simvlified Question (Y)

60. The numbers of electrons, pro- Which one of these particles
tons and neutrons in four . A to D would be a rositively
rarticles A to D are listed charged ioa?

below. Wwhich one of them
represents a rositively
charged ion?

Frotons Neutrons Zlectrons Protons lleutrons Zlectrens
A, & 5 4 A. 4 5 -4
B, & 8 10 B. 8 8 10
*C. 12 12 10 *C. 12 12 10
D. 17 20 1?7 D. 1? 20 1?7

Although the pattern of responses to incorrect opticns did not change greatly
as a result of simplificaticn the trend shown in Table VI is fer the reduciion
of words to produce lower facility values.,



Orizinal Question (X) Simplified Question (¥)

62, Vhen a metal Z was added to Three metals 2, T and Y were
the sulphate of a metal X, added to separate solutions

the metal X was precipi- -containing metal X jons.
tated and there was no Z precipitates X; T had no
effervescence. Vhen the effect; and with Y a gas
test was repeated using the was given off from the
metal T in place of Z, no solution, TVhich one of the
reaction occurred. Vhen following shows the metals
a metal Y was added to a in the correct order of
solution of the sulphate activity (the most active

of X, a brisk effervescence first)?
occurred, Vhich ane of

the following is the correct

order of decreasing acti~

vity (i.e. the most reactive

first) of the four metals?

A+ YZXT *A. YZXT
B, YXT2 B. YXT2
C. XYa7 C. X1ZT
D. TYZ D. TXYZ

The removal of words brings about some gains in performance.

Oricinal Question (X) Simplified <uestion (Y)

63, Dry air contains about 20% Dry air contains nitrogen and
of oxycen. Which one of the oxygen. which one of the
following correctly describes  following statements is also
the approximate composition correct?

of the remaining 80%2
There is in the air

A, Mainly nitrogen and A. a large percentage of hydrogen
hydrogen with a little and a little carbon dioxide.
carbon dioxide. B. a large percentage of hydrogen,

B. Mainly nitrogen and about 1% carbon dioxide and
hydroger with about 1% a little argon.
carbon dioxide and a *C. about 1% argon and a little
little argon. carbon dioxide.

*C. Mainly nitrogen with " D, about 1% carbon dioxide and
about 1% argon and a a little argon.

little carbon dioxide.

D. Yainly nitrogen with
about 1% carbon dioxide
and a little argon.

Although, from Table VI, it may be seen that some sub-groups found th?.item
easier when revised, more pupils found option D attractive than they %}q
the key in both versions of this, the most difficult of all jtems used in

the experiment,

3Co
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Ori

cinal Question (X)

Simplified Question (Y)

The atomic weights of most of

the

are

of

Why are the atomic weights of

naturally occuring elements naturally occuring elements

not whole nuabers. Which
the following is the best

explanation of this fact?

A

B.

C.

‘D.

Changes in this

65,

The number of protons and A.
neutrons in each element
varies.

Tt is difficult to isolate B,

the elements in the pure
state,

Chemical methods of atomic C,
weight determination are
inaccurate.

Naturally occuring elements*D.
are nixtures of isotopes.

item had no apparent effects.

Cririnal Cuestion (X)

Frca eacag the following,
select the element with
the oxide which is least
soluble in water,

A. Nagnesiun
B. Phosphorus
*C. Silicon
D, Sulphur

»

not whole numbers?

The number of protons and
neutrons in each element
varies.

It is difficult to isolate
the elements in the pure
state.

Chemical methods of atomic
weight determination are
inaccurate.

Naturally occuring elements
are mixtures of isotopes.

Simplified Questicn (Y)

YVhat oxide is least
soluble in water?

A, Magnesium oxide

B. Phosphorus(V) oxide
C. Silicon(IV) oxide.
D. Sulphur dioxide

Changes in this item tended to make it more difficult for some sub-groups

67.

Ori

rinal Question (X)

Simplified Question (Y)

A metal forms a nitrate which,
orn heating, gives oxygen as

the
The

A.
3.
C.
.D.

only gaseous product.

zetal 4ia.

coprer. A,
lead, B.
silver, C.
sodiunm. *D,

Which metal nitrate would give
off only oxygen when heated?

Coprer(1l) nitrate
Lead(1l) nitrate
Silver nitrate
Sodium nitrate

There were no statictically significant differences razulting from the

charges made to this item (Table VI).

attractive in %oth forms,.

301

Pupils found option C to be



Original Question (X)

68,

Yay are atoms with the

same mass number not
necessarily atons of
the same element?

It

4,
B.

c.

*D.

is because

they could be isotopes,
they need to have the
same number of neutrons,
the weight of electrons
could be the same,

they could have different
numbers of protons.

Simplified Question (Y)

Tritium has mass number 3,
Helium can also have a
mass number of 3. Thess
two are not considered

to be atoms of the same
substance because

A, they are isotopes.

B, they have the szme number
of neutrons,

C. the weight of the electrons
makes en eppreciable
difference here,

*D, they have different numbers
of protons.

It should be noted that the verbal changes in this item, although simplifying
it by making it more specific, actually increased the number of words in the

stenm.
for most sub-groups.

to opticn C as a result of

(a)

Changes to this item lead to significant rises in facility values

There is evidence that pupils switched from option B

the simplification.

Juestion in which a possible ambiguity has been removed.

Oririnal Cuestion (X)

69.

"hen powdered copper and

sulphur are heated gently
together, the mass glows
red hot and the product

is

black, Yhich of the

- following conclusions can

te

drawn from these

observations elone?

Ao

B.

c.

This question, in i

Ordinary grade examination.
least one unspecified coaround or one and only one compound.

simolified version reroved the ambiguity and resulted in an improvement

The copper and sulphur
have combired to fom
copper (II) sulphide.
The copper and sulphur
kave combired to fom

a compound,

A mixture of copper and
sulphur remains,

Tae copper has reacted
with the sylphur,

in performance (Table VI).

K 02}

‘D,

Simplified OQuestion (Y)

When powdered copper and
sulphur are heated gently
together, the mass glows
red hot and the product
is black, YVhich of the
following conclusions can
be drawm from these
observations alone?

A, the copper and sulphur
bave combined to fomm
copper (II) sulphide,
Tae copper and sulphur
have conbined to form
only one compound.

A mixture of copper and
sulphur renains,

Tae copper has reacted
with the sulphur.

B.

C.

ts original version, arp=ared in a recent SCZE3
In option B 'a compound' could mean at

The



(viii)

(e) Questions in which there has been a re-orcanisation in terms
of the number of clauses.

Original Question (X) Simplified Question (Y)

66. Calcium is a metal which Waat would be the pH value
burns in oxygen to form of the solution formed when
an oxide which when added calcium oxide dissolves
to vater gives a solution in water?

waose pH value is

A, between 2 and 5. A. between 2 and 5,
B. between 5 and 7, B, between 5 and 7,
Ce 7o ) c. 7.

*D. above 7. *D, above 7.

No statistically significant differences were found between the two versions.

Original Question (X) Simplified Question (Y)
70. Atoms of element X, having Flement X has two electrons in
two electrons in the outer the outer shell. Element Y has

shell, come into contact with seven electrons in the outer
atoms of element Y with seven shell. Which one of the
electrons in the outer shell. following statements about a

Whicn one of the following compound of X and Y is true?
statements is probably not .
true?
*A. The compound formed has *A. The formula is XY,.
the formula XpY. B. X' ions are present.
2+
B. X° ions are formed. c Y2-ions are present
C. Y~ "‘ions are fornmed. ° present.
D. Tha compound formed is D, The compound is covalent.
ionic.

As well as a reducticn in the numwber of clauses in the stem of this iten,
a rezative was also removed. Despite these changes no sub-group found
the revised version significantly easier. 1Indeed the only statistically
significant difference was in the opposite direction although this was

for the non-5GC3 sub-group of pupils.

w
O
w
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-

Anpendiz o

A sample of element X contains the following types of atom:

13 15 16

A A
B
The electronic configuration of the element is

A, 2,4,

B'
C.
D

',
'6.
7

’

NP DON

An isotope of aluminium has an atomie number of 13 and a mass number of
27. An atom of this isotcpe will contain

A. 14 protons and 13 neutrons. B
B. 13 protons and 14 neutrons.

C. 14 protons and 13 electrons.

D. 13 protons and 14 electrons,

Some atoms of an element are heavier than other atoms of the same element.
This is because they have different numbers of

B. nuclei.
C. protons.
D. electrons.

A. neutrons. g

Which of the following particles has the same number of electrons as a
calcium ion?

A, A potassium atom

B. A potassium ion 8
C. A magnesium ion

D. A chlerine atom

Which statement is true?
A. The proton has the same mass as an electron.
H BT
B. The hydrogen molecule contains one atom. D,

C. Isotopes of chlerine have different numbers of protons in their atoms.
D. The element with atomic number 13 is a metal.

V/hich one of the following pairs of particles contains equal numbers of protons?

A. Naand Na©

B. Na+ and Ne [_’__\
C. CI” ond Ar |
D. K>+ and COZT

2
v
e
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Which of the following compounds has a formula of the type X2Y where both

ions have the same electronic arrangement as argon (2,8, 8)?

A. Potassium sulphide [
B. Aluminium chloride ,q
C. Scdium fluoride /

D. Potassium oxide

An element X of atomic number 13 forms a chleride. Which one of the
following is the formula of the chloride?

A, XCly |
B. XCI, é
c. xcl,
D. Xcl,

Which of the following pairs of elements cre likely to form a compound
with the formula XY ,?

3
A. Phosphorus and hydrogen
B. Hydrogen and sulphur ‘C}

C. Sulghur end chlorine
D. Chlerine and carbon

Which pair of corapounds would both decompose when heated separctely with
a bunsen burner?

A. sodium nitrate, calcium oxide
B. zinc oxide, lithium nitrote C
C. copper ccrbonate, mercury oxide
D. potassium carbonate, silver oxide

Calcium oxide dissolves in water. The solution would have a pH of

A, 1,
B. between2and?. —
c. 7. D

D. between 8 and 14,

Copper when heated in air turns black. Copper when heated in the absence
of air does not turn black. Which one of the following statements is true about

ccpper?
When heated

A. in the absence cf air it loses weight,

B. in air it stays the scme weight,

C. in the cbsence of cir it stcys the same weight,
D. in the cbsence of air it gcins weight,

€I
«
i
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Fluorine is more cctive than chlorine
Chlorine is more active than bromine N
Bromine is more active than iodine /o

From this it can be deduced that in solution

A. chlorine displaces both iodine from potassium iodide and bromine
from potcssium bromide.

B. iodine displaces bromine from potassium bromide.

C. bromine displaces chlerine from potassium chloride.

D. bromine displaces both iodine from potassium iodide and fluorine
from potassium fluoride.

The spread of colour from a crystal through still water is called

A. dilution. :
B. dissolving. C
C. diffusion. -

D. melting.

The table below shows some of the properties of elements represented by the
letters A = D, Which one of the elements shows typical metallic

properties?

Element Conductivity of electricity Type of oxide
when solid
A insulator basic
B conductor acidic
C insulator acidic
D conductor basic

In which one of the following are the metals arrenged in decreasing order
of activity?

A. lIron, cclcium, sodium .
B. Calcium, iron, sodium D
C. Iron, sedium, calcium
D. Sodium, calcium, iron

Which one of the following solutions of a salt in water is mest concentrated?

A. 10g of salt dissolved in 100 ml of water
g 79 of salt dissolved in 60 ml of water 8
C. 4gof salt dissolved in 50 ml of water
D. 2g of salt dissolved in 20 ml of water

.

4

o

1

D
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Which one of these compounds is covalent?

A. Calcium fluoride 8
B. Sulphur chloride .
C. Sodium bromide

-D. Potassium iodide

To make an exactly 0.1 molar solution of sodium chloride (formula weight = 53 5)
what would you do?

t A. Dissolve 5.85g of sodium chloride in 100 m! of water |
B. Dissolve 5.85g of sodium chloride in water and make up with water B

to 1 litre of solution
C. Add 100 ml of a molar solution of sodium chloride to 1 litre of water
'D. Add 5.85g of sodium chloride to 1 litre of water and shake until

dissolved

Which one of these is a test for carbon dioxide?

A. Relights a glowing splint

B. Bleaches damp litmus .

C. Forms a white precipitate when passed through a solution of calcium
hydroxide

D. Forms a white precipitate when passed through a solution of sodium

hydroxide

Hydrated copper(ll) sulphate is obtained from a dilute solution of copper(il)
sulphate by

A. filtration,
B. precipitation. ])
C. neutralisation.
D. crystallisation.

When o metal atom changes to an ion it

A. loses electrons. /q
B. changes the structure of its nucleus.

C. gains protons.

D. isreduced.

If air Is passed through sodium hydraxide solution and then over heated copper,
the gas collected contains nitrogen end

A. oxygen.
carbon dioxide., C

B.
C. noble gases..
D. nitrogen dioxide.
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An analysis of 24g of antimony oxide showed that 20g were antimony and
4g were oxygen. Knowing that the atomic weight (relative atomic mass)
of antimony was 120 and that of oxygen wes 16, which of the following
formulae would correctly represent antimony oxide?

. S

A. SbO ~.
B. ShO ),
C. Sb)0 -
D.

szO3

A solution of a salt is electrolysed. At the negative electrode a brown dsposit
forms and at the positive electrode a yellowish green gas is evolved. Which
of the following could the salt have been?

A. Potassium bromide

B. Lead chlorids C
C. Copper(ll) chloride
D. Calcium iodide

Given this equation

H2504 + 2KOH — K2504 + 2H2O

Which of these solutions would exactly neutralise 20cm3 of 2M sulphuric acid?

A. 20cm” of 2M potassium hydroxide

B. 40cm” of 2M potassium hydroxide B
C. 10cm” of 2M potassium hydroxide

D. 40cm” of M potassium hydroxide

W W

W W

The volume of ammonia mecsured at room temperature and atmospheric pressure
needed to produce 1 mole of nitrogen molecules is

A. 2 litres. D

B. 4 litres.
C. 24 litres.
D. 48 litres.

Solid sodium chleride does not conduct eleciricity but sodium chloride does
conduct when molten. The reason is

A. solid sodium chloride contains no ions.

B. the passage of electric current forms fons in molten scdium chloride J
but not in the solid form.

C. melting sodium chloride preduces sodium ions and chloride ions.

D. ions present in solid sodium chloride are not free to migrate but
ccn do so when the substence is molten.

368
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89. Which one of these statements about carbon dioxide is correct?

A. It is not the only product formed by the action of hydrochleric
acid on marble chips.

B. It doss not give a white precipitcie when passed into lime water,

C. It is a basic oxide.

D. lts molecule is made up from two carbon atoms and one oxygen
atom linked covalently.

70. Which one of the following statements istrue of the elements in the
Periodic Table?

A. Elements with similar preperties are arranged in vertical columns. ~
The elements in group | become less reactive with increasing atemic mass. -}

B

C. The elements in group VIl become more reactive with increasing
atomic mass.

D

of their atoms.

71.  Assume that air contains nitrogen and oxygen only. Remember that the
boiling point of nitrogen is lower than that of oxygen. If 100cm 3of air
is liquefied and then allowed to warm up, which one of the following will

result?
A. 20cm
B. &0cm
C. 20cm
D.

80cm" of nitrogen will come off first and then 20cm3 of oxygen,

of oxygen will come off first and then 80cm3 of nitrogen.
of oxygen will come off first and then 20cm3 of nitrogen.

of nitrogen will come off first and then 8Ocm3 of oxygen.

W W LW w

72, The formation of potassium bromide is similar to the formation of sedium chloride

All the elements in group IV have five electrons in the outer shell

A

~~
L

in that each metal atom loses one electron to each non-metal atom. Which one
of the following best describes the compesition of a erystal of potassium bromide?

A. A lattice containing equal numbers of potassium atoms and bremine

atoms arranged in a definite pattern,

B. A lattice containing equal rnumbers of potassium ions and bromide
jons arranged in a definite pcttern,

C. A lattice containing equal numbers of potassium ions and bromide
ions crranged in no definite pattern.

D. Many separate molecules each made up of one potassium atom and

one bromine ctom,

73.  Which one of the following is the order in which water is purified for use in

towns and cities?

A. chlorination, storage, filtration, distribution
B. collecticn, distribution, filtration, storage

C. extraction, sterilisation, distiliction, storage

D. collection, filtration, chlerinction, distribution

30%
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A sample of element X contains the fellowing types of atom:

1 ;X ];X 1 gx
The electrenic configuration of the element is B
A. 2,4,
B. 2,5,
C. 2,6.
D. 2,7.

An isotope of aluminium has an atomic number of 13 and a mass number of 27.
An utom of this isotope will contain

A. 14 protons and 13 neutrons. =
B. 13 protons and 14 neutrons, )
C. 14 protons and 13 electrons.
D. 13 protons cnd 14 electrons.

Some atoms of an element are heavier than other atoms of the same element.
This is because they have different numbers of

A. neutrons,

B. nuclei 2
. . I

C. protons.

D. electrons.

Which of the following perticles does not have the same number of electrons
as a caleium ion?

A. A potassium ion

B. A potassium atom : o
C. Anargon atom o
D. A chleride ion

Which statement is not true?

A. The proten dees not have the same mass s an electron.
B. The hydrogen molecule contains two atoms.
C. Isotopes of chlorine do not have different numbers of protons in

their ctoms, ,\)
D. The element with atomic number 13 is a nen~-metal. —

Equal numbers of protons are contain in which one of the following pairs of
particles?
A. Naand Na'
B. Nc+ and Ne i
C. ClI” ond Ar |
D. K ond Ca®* 316

")
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A compound, where both ions have the same electronic arrangement as argon
(2,8,8) has a formula of the type X2Y. Which of these compounds is it?

A. Potassium sulphide
B. Aluminium chloride Q[
C. Sodium fluoride !
D. Potassium oxide

An element X of atomic number 13 forms a chloride. Which one of the
following is the formula of the chloride?

A, XCIS —
B. XCI4 L/
C. XCI3
D. XCI2

A compound with the formula XY., would be likely to be formed from which of
the following pairs of elements?

A. Phosphorus and hydrogen ;
B. Hydrogen and sulphur /g(
C. Sulphur and chlerine
D. Chlorine and carbon

In which of the following would both compounds not have been decomposed
when heated separately with a bunsen burner?

A. sodium nitrate, silver oxide -
B. mercury oxide, zinc nitrate _
C. potassium carbonate, calcium oxide

D. copper carbonate, lithium nitrate

The burning of calcium in oxygen produces an oxide which, when it is added to water,

gives a solution whese pH value is

A, 1, ™
B. between 2and?7. !
C. 7.

D. between 8 and 14,

c

A piece of copper, when heated directly in the bunsen flame, turns black but
when heated in a hard glass tube from which all air has been removed it does
not turn black. Which cne of the following statements is true about copper?

When heated

A. in the tube it loses weight.

B. in air it stays the same weight. C/
C. in the tube it stays the some weicht.

D. in the tube it gains weight.
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The order of increasing chemical reactivity (least reactive first) of four
halogen elements is

iodine, bromine, chlorine, fluorine.

From this information it can be deduced that
A

A. chlorine displaces both fodine from potassium iodide solution
and bromine from potassium bromide solution.

B. iodine displaces bromine from potassium bromide solution.

C. bromine displaces chlorine from potassium chloride solution.

D. bromine displaces both iodine from potassium iodide solution
and fluorine from potassium fluoride solution.

If a crystal of hydrated copper(1l) sulphate is placed carefully at the bottom
of a beaker of water to stand for several days, a blue colour gradually spreads
through the liquid. The best way to describe the spread of colour is

A. dilution, e
B. dissolving. _
C. diffusion.

D. melting.

The table below shows some of the properties of elements represented by the
letters A = D. Which one of the elements shows four typical metallic

properties?

Element State at  State at  Conductivity of  Type of oxide
0°C 1000°C  electricity when

solid ]>

A liquid gos insulator basic
B solid solid conductor acidic
C liquid gas insulater acidic
D solid solid conductor basic

In which cne of the following are the metals arranged in increasing order of
activity?

/

C.

A. Sodium, calcium, iron
B. Calcium, iron, sodium R
C. Iron, sedium, calcium
D. lron, caleium, sodium

Which one of the following solutions of a salt in water is most dilute?

A, 10g of salt dissolved in 100 ml of water
B, 5g of salt dissolved in 80 ml of water
C. 4g of salt dissolved in 50 ml of water 4
D. 2g of salt dissolved in 20 ml of water

A)

\

(693
b
N\
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58. In which one of the following compounds is there a tendency for covalency
to predominate?

A. Calcium fluoride
B. Sulphur chloride B
C. Sodium bromide
D. Poctassium iodide

59.  Which of the following procedures would be expected to produce cn exactly
0.1 molar solution of sodium chloride (formula weight = 58.5)?

A. Dissolving 5.85g of sodium chloride in 100 ml of water N
B. Dissolving 5.85g of sodium chloride in water and making up with

water to 1 litre of solution
Adding 100 ml of a molar solution of sodium chleride to 1 liire

of water
Adding 5.85g of sodium chloride to 1 litre of water and shaking

until dissolved

c.
D.

60.  Which one of the following observations is used to detect the presence of
corbon dioxide?

A. Relights a glowing splint

B. Bleaches dump litmus C

C. Forms a white precipitate when passed through a solution of calcium
hydroxide

D. Forms a white precipitate when passed through a solution of sedium
hydroxide ‘

81,  The process used to obtain hydrated copper(ll) sulphate from a dilute solution of
copper(ll) sulphate is called '

A, filtration.
5. D

precipitation.
C. neutralisation,
D. crystallisation.

€2. When an atom of a metallic element jonises it
A

A, loses electrons.

B. changes the structure of its nucleus.
C. gains protons.

D. isreduced.

63. The laboratery preparation of nitrogen by passing air through sodium hydroxide
solution and then over heated cooper produces nitrogen which contains

A. oxygen.

B. carbon dioxide.

C. noble gases. 7
D. nitrogen dioxide, —
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From an analysis of 24g of antimony oxide, which showed that 20g were
antimony and 4g were oxygen, which of the following formulae would
correctly represent antimony oxide, knowing that the atomic weight (relative
atomic mass) of antimony was 120 and that of oxygen was 16?

A. SbO ,;
B. Si:)O2 D
C. Sb205
D. Sb293
Which of the following could be a salt which, when a solution is electrolysed,
gives a brown deposit at the negative elecirode and evolves a yellowish green

gas at the positive electrode?

A. Potcssium bromide '
B. Lead chloride C

C. Copper(ll) chloride
D. Cclcium iodide

Which one of the following solutions when added to 2Oc:m3 of 2M sulphuric
acid would form a neutral solution?

The equation fer the reaction is

H2504 + 2KOH —> K2504 + 2H20

20cm3 of 2M potassium hydroxide \B

w

40cm” of 2M potassium hydroxide

W

10em™ of 2M potassium hydroxide
40cm™ of M potassium hydroxide

U 0w >
w

The volume of dry ammonia gas measured at one atmosphere pressure cnd at
room temperature needed to produce 1 mole of gaseous nitrogen molecules is

A, 2 litres,
B. 4 |itres. '\;\‘;
C. 24 litres. ~
D. 48 litres.

Crystalline sodium chloride does not conduct electricity but fused sodium
chloride has an opprecichle electrical conductivity. The reason for this

observation is that

A. scolid sodium chloride contains no ions.
B. the passage of electric current forms fons in melten sedium
chloride but not in the solid form.
C. melting sedium chioride produces sodium ions and chloride ions.
D. fions present in solid sodium chleride are not free to migrate but
can do so when the substance is molten,
314
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Which one of these statements cbout carbon dioxide is incorrect?

A. It Is the only product formed by the action of hydrochloric acid

D

on marble chips.
B. It gives a white precipitate when passed into lime water.
C. It is an acidic oxide.
D. Its molecule is made up from two oxygen atoms and one carbon
atom, linked covalently.
Which one of the following statements is NOT true of the elements in the
Periodic Table?
A, Elements with similer properties are arranged in horizontal rows.
B. The elements in group | become more reactive with increasing y
atomic mass. A
C. The elements in group VIl become less reactive with increasing
atomic mass.
D. All the elements in group IV have four electrons in the outer shell

of their atoms,

Assume that air contains nitrogen and oxygen onlg and the boiling point of
nitrogen is lower than that of oxygen. If 100cm? of air is liquefied and then
allowed to warm up, which one of the following will result?

A. 20cm® of oxygen will come off first and then 80cm”® of nitrogen. })

8Ocm3 of oxygen will come off first and then 2Ocm3 of nitrogen.
3

B.
C. Z20cm" of nitrogen will come off first and then 80cm3 of oxygen.
D.

80cm® of nitrogen will come off first and then 20em® of oxygen,

Use your knowledge of the structure of sodium chloride and the knowledge that
the formation of potassium bromide involves the transfer of one electron from
each potassium atom to each bromine atom to predict which one of the following
statements best describes the composition of a crystal of potassium bromide?

A. A lattice containing equal numbers of potassium atoms and bromine
atoms arranged in a definite patfern.

B. A lattice containing equal numbers of potassium ions and bromide -
ions arranged in a definite pattern. ‘

C. A lattice containing equal numbers of potassium ions and bromide
ions crranged in no definite pattern.

D. Many separate molecules each made up of one potassium atom and
one bromine atom.

The sequential stages invelved in the large scale purificaticn of water supplies
for use In towns and cities are

A. chlorination, sterage, filtration, disiribution. —
B. collection, distribution, filtration, storage.

C. extraction, sterilisation, distillation, storage.

D

. collection, filtration, chlcrination, distribution.
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Joint datriculation Board Apnendix X

1979 Investigation into Language Barriers in Chemistry being carried
out in association with the Science Fducation Group, University

of Glasgow

Instructions to Supervisors

Introduction

These instructions are for the guidance of teachers administering the
General Ability Test (Verbal) and the 'Language in Chemistry' test.
(There are two forms of the 'language in Chemistry' test: Test X (Pink)
and Test Y (Yellow)).

The aim of the 'language in Chemistry! test is to investigate the effects
of language difficulties of cendidates in Chemistry (Ordinary) in terms
of key word positions, syntax and sentence length., Although scme
questions appear in exactly the same form in both tests, the majority

of questions in Test X appear in Test Y in a modified form of language,

The e2im of conducting the General Ability Test (Verbal) is to obtain
en indication of the general (verbal) ability of those candidates who

are being tested.

The Teats

The General Ability Test (Verbal) contains 4O questions (numbered froa
1 %o AO) and is of 30 minutes duraticn, Answers to questicns for this
test should be made in Part I of the special (combined) answer-sheet,

The 'language in Chemistry' test appears in two different forms. Test X
(Pizk) and Test Y (Yellow) should be distributed to the candidates
alterrately i.e, the first candidate receives Text X, the second candidate
receives Test Y, the third candidate receives Test X, etc, Test X and
Test Y each contains 33 questions (numbered from 41 to 73): LO minutes

is to be allowed for pupils to complete the test, Answers to questions
for this test should be made in Part II cf the answer-sheet, Each pupil
should complete the General Ability Test (Verbal) and either Test X or

Test Y,

Genera) Prevaration

The following materials are regquired for each pupil on each occasion
(see Section D):

1. Cne General Ability Test (Verbal) booklet CR one Test X
(Pink) booklet CR one Test Y (Yellow) booklet,

2, One combined answer-sheet,

3, FPaper for rcugh work,

4, Two sharpened peancils (HB) and an india-rubdber,

v 316 over
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The test supervisor will also recuire:

1 A supply of spare pencils and india-rubbers,

2. A stop-watch or other suitable timing device,

Candidate identity

The General Ability Test (Verbal) and the 'languasge in Chemistry!
test may be administered on the same occasion or on different cccasions,
If the tests are administered on the same occasion and the results of
individual candidates are required by the school, the candidates'
answer-sheets must carry their names or be marked in scme other vay so
that the candidates can be identified,

If the tests are set cn different occasicns each candidate's answer-
sheet must carry his/her identity because he/she must complete the
same answer-ctheet on wihich he/she recorded the answers to the first

teﬂto

Each candidate is requested to indicate in the appropriate box
whether he/she is a boy or a girl.

Procedure for General Ability Test (Verbal)

1, Pupils should first be told to £ill in the information
secticn at the top of the answer-sheet, Note that the
school ray or may not require tae candilates to be
identified on their answer-sheets (see Section D zbove),

2, The supervisor must make sure at this stage that all
pupils understand how to fill in the answer-sheet

correctlye.
3, The supervisor should then announce:

"Then you are told to start the test, try to answer each
problem in turn., Work carefully and quickly. Do not
waste time over any question you cannot do, but go on to
the next cne. If you are not quite sure of the answer
to any problem, mark what seems to be the best answer,
Remember to record your answers on the answer-sheet only.
Rud out any answer you wish to change eand mark clearly

the answer you think is correct., Answer-sheets should be
kept flat at all times, o rough work should be done on
the answer-sneets, If you should need another pencil
during the test, raise your hand, Always check to be sure
that each answer you zark belongs to the gquestion you have

just attexpted”,

Lo “Then candidates are clear about the procedure the supervicsor
should eay:

"Turn to page one, Begin",

. 317
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The supervisor should write down the exact time at which

5e
he says "Begin" and what the time will be after 20 minutes,
25 minutes and 30 minutes,

After 20 minutes the supervisor should announce:
"You have 10 minutes more",

and after 25 minutes,

"You have 5 minutes more",

and after 30 minutes,

"Stop writing",

6. Immediately after the test has been completed all test
bocklets must be collected. Unless the second sesszion
of testing is to follow immediately the answer-sheets
shculd also be collected,

Procedure for Test X (Pink) and Test Y (Yellow)

1, Each candidate should indicate cn his/her answer-sheet,
in the space provided, the colour of the paper on which
his/her test booklet is printed., Tais is most important,

2. The supervisor must make sure at this stage that all
pupils understand how to fill in the answer-sheet
correctly,

3, Ls for Section E, paragreph 3 (if this session of tezting
follows immedia¥ly after the General Ability Test (Vertal)
then this may be omitied).

L, “her there are no further questions the supervisor shculd
cay:

"Turn to page one, Begin",

5. 'The supervisor should write domm the exact time at which
he says "Begin" and what the time wlll be after 20 mirutes,
20 minutes end 4O =minutes,

After 20 minutes the supervisor shculd announce:
"You have 20 minutes more",
and efter 30 ainutes,
"7ou have 10 minutes more",
and after LO minutes,
"Stop writing".
6. Izmediately after the test has been completed all test

bocklets and answer-sheets must be collected.,
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G.

Return of test material

All answer-sheets and test booklets, whether used or unused, should be
returned to the Research Unit, Joint Matriculation Board, Manchester
M15 6EU as soon as both tests have been completed. Before returning
test material, please separate answer-sheets of candidates entered for
the JMB/WMEB joint examination in 1979 from those of other pupils should
there be any.

The box(es) in which the tests were sent to the school may be used for
their return. Labels for this purpose have been provided.

An alternative to the use of GPO parcel post (postage costs will be
refunded) is to use the Medallion Services of National Carriers Ltd.
A consignment note and label are attached.

The nearest of the following N.C.L. area depots should be contacted:

N.C.L.,
Lawley Street,
Birmingham,

tel. 359 6411,

N.C.L.,
Vernon Road,
Stoke-on-Trent.

tel. 411321,

N. c .L. '
Bradford Place,
Walsall.

tel. 33211.
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SURNAME OTHER NAMES

SCHOQOOL

For each question make a thick pencil stroke under
the appropriate letter joining the two dots as in this

example. Rub out completely any mark you wish to change,
Do not use ink or bali-point pen.

PUPIL INFORMATION Boy | Girl

PART |

Please refer to the white question booklet and answer the 40 questions in the spaces
numbered 1 - 40 below.

1 ' ' 14 | o 27
2 ‘ ' 15 28
3 16 29
1 17 30
5 18 | , 31
6 19 32
7 20 N 33
8 21 34
9 22 ' 35
10 23 ' ' 36
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12 | 25 - S R 38
" 13 26 ‘ ' N 39
' - ' 40

PART Il

You will have been provided with either a pink or a yellow question booklet. Please indicate in the
box belaw the colour of the booklet you have been given.

Pink  Yellow

The booklet contains 33 questions which are numbered 41 - 73. Please answer the questions in the
spaces numbered 41 - 73 below.

g s < _—
42 S | ss 64 3
43 o 54 B 65 ]
44 L ss 66

4 56 67

T o S o

47 o e el A e o9

48 D s 70

49 - o 60 - 71

5o L 51 v e 2
s« 2 .. 71 |
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Appeéendix M

Chemistry questions in original (Test X) and simplified (Test Y) form

together with approppiate comment.

(The correct response is indicated by *)

(a) Qualifying Words.

56.

¥

Original Question (X)

In which one of the
following are the
metals arranged in
increasing order of
activity?

A. Sodium, calcium, iron

B. Calcium, iron, dodium
C. Iron, sodium, calcium

D, Iron, calcium, sodium

Sinplified Question (Y)

In which one of the
following are the metals
arranged in decreasing
order of activity?

Iron, calcium, sodium

. Calcium, iron, sodium

Iron, sodium, calcium

o 0O w >

. Sodium, calcium, iron

From Table X11 all groups showed a significant improvement with the

simplication.
this was not the case in the simplifeid form.

By far the best distractor in the original form was A and
This perhaps reflects that

the activity of metals is more familiarly taught and learned in decreasing

order and in the original form the expression "increasing order" requirest

another thinking stage and consequently found to be more difficult.

68.

Original Question (X)

Crystalline sodium chloride
does not conduct electricity
but fused sodium chloride

has an appreciable electrical
conductivity. The reason

for this observation is that

A. solid sodium chloride
contains no ions.

B. the passage of electric
current forms ions in
molten soiiium chloride
but not in the solid
form.

C., melting sodium chloride
produces sodium ions
and clloride ions.

D. ions present in solid
sodium chloride are not
free to migrate but ean
do so when the substance
is molten.
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Simplified Question Y)

Solid sodium chloride dees
not conduct electricity but
sodium chloride does conduct
when molten, The reason is

A, solid eodium chloride
contains no ions.

B. the passage of electric
current forms ions in
molten sodium chloride
but not in the solid
form.

¢. melting sodium chloride
produces sodium ions and
chloride ions,

D. dions present in solid
sodium chloride are not
free to migrate but can
do so when the substance
is molten.



In addition to the significant improvement in the total sample

there are significant improvements for Ability Groups 2 and 3, and Boys

"Crystalline"”, "fused" and "apprecimble electrical conductivity” may
have added to the difficulty of the thinking stages reduired to solve

the original questions and as a result the facility values were depressed,

67.

57.

Original Question (X)

The volume of dry
ammonia gas measured

at one atmoshpere
pressure and at room
temperature needed to
produce 1 mole of gaseous
nitrogen molecules is

A.
B.
C.
D.

There were no significant changes for

2 litres
4 litres
24 litres
48 litres

Original Question (X)

Which one of the following
solutions of a salt in
water is most dilute?

A,

B,

10g of salt dissolved
in 100 ml of water

6g of salt dissolved
in 80 ml of water

4g of salt dissolved
in 50 ml of water

2g of salt dissolved
in 20 ml of water

Simplified Question (Y)

The volume of ammonia
measured at room
temperature and atmpspheric
pressure needed to produce
1 rmole of gaseous nitrogen
molecules is

A, 2 litres
B, 4 litres
C. 24 litres
D, 48 litres

this itemn,

Simplified Question (Y)

Which one of the following
splutions of a salt in
water is most concantrated? .

A, 10g of salt dissolved
in 100 ml of water

B, 7e¢ of salt dissolved
in 60 ml of water

C. 4g of salt dissolved
in 50 ml of water

D. 2g of salt dissolved
in 20 ml of water

There were no significant changes for this item.



(b) Negatives.

70.

Original Question (X)

Which one of the following
statements is NOT true of
the elements in the
Periodic Table?

A, Elements with similar
properties are arranged
in horizontal rows.

B, The elements in Group 1
become more reactive
with increasing atomic

Simplified Question (Y)

Which one of the following
statements is true of the
elements in the Periodic
Table?

A, Elements with similar
properties are arranged
in vertical columns.

B, The elements in Group 1
become less reactive
with increasing atomic
nass,

mass.,

C. The elements in Group V11
become less reactive with
increasing atomic mass,

D. All the elements in Group 1V

have four electrons in the
outer shell of their atoms.

C. The elements in Group V1l

become more reactive with
increasing atomic mass,

All the elements in
Group 1V have five
electrons in the outer
shell of their atoms.

From Table X1l all groups showed a significant improvement with the

simplification with the exception of Ability Group 1 which was in the

same direction, but less than significant.

44.

Original Question (X)

Which of the following
particles does not have
the same number of
electrons as a calcium
ion?

A, A potassium ion
B. A potassium atom
C., An argon atom

D. A chloride ion

Simplified Question (Y)

Which of the following
particles has the same
nunber of electrons as
a calcium ion?

A, A potassium atom
B. A potassium ion
C. A magnesium ion

D. A chlorine atom

Ability Group 3 showed a significant improvemmnt with the

simplification but Ability Group 1 showed a significant

deterioration with the simplification.

An examination

of effect of the various distractors showed that for

Ability Group 3 responses A, C and D become poorer distractors
in the simplified version whereas for Ability Group 1 responses

A and C become more effective distractors.
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Original Question (X) Simplified Question (Y)

45, Which statement is not true? Which statement is true?

A. The proton does not have A, The proton has the same
the same mass as an mass as an electron.
electron.

B. The hydrogen molecule B, The hydrogen molecule
contains two atoms. contains one atom,

C. 1Isotopes of chlorine do C. Isotopes of chlorine
not have different have different numbers
numbers of protons in of protons in their atoms,
their atoms.

*
* D, The element with atomic D. The element with atomic
number 13 is a non-metal, number 13 is a metal,

The attempted simplification brings about a significant deterioration
for the total sample, girls, and Ability Group 3. In all cases the
distractor B in the simplified version tmnds to be particularly effective.

Original Question (X) Simplified Question (Y)

69. Which one of these Which one of these
statements about carbon statements about carbon
dioxide is incorrect? dioxise 1s correct?

* A. It is the only product A. It is not the only
formed by the action of product formed by the
hydrochloric acid on action of hydrochloric
marble chips. acid on marble chips,

B, It gives a white B, It does not give a
precipitate when : white precipitate when
passed into lime water. passed into lime water,

C. It is an acidic oxide. C. It is a basic oxide.

. Its molecule is made up D. 1Its molecule is made up
from two oxygen atoms and from two carbon atoms
one carbon atom, linked and one oxygen atom
covalently. linked covalently.

In the original version the negative is in the stem and the simplified
version has the negative in the correct response and one of the
distractors. The only significant difference is for Ability Group 1

who found it easier with the negative in the stem.

The presence of a negative expression does seem to have an influence on

performance and this may be due to the increased thinking stages that

may be required to solve a question with a negative expression. From,

fér example, the results of question 45 this is not the only factor

s
operating because in trying to match responses between the two version

to be 8

A

a response may be produced e.g, B in simplified 85 that proves

mowe effective distractor.



(e)

Bit tion.
8 of information 335

Pink 55, Original Question (X)

The table below shows some of the properties of elements
represented by the letters A - D, Which one of the elements
shows four typical metallic properties?

Element State at State at Conductivity of Type of oxide

o o) electricity
0-C 3 e when solid
A liquid gas insulator basic
B solid solid conductor acidic
C liquid gas insulator acidic
]
D solid solid conductor basic

Yellow 55 Simplified Question (Y)

The table below shows some of the properties of elements represented
by the letters A - D, Which one of the elements shows typical
metallic properties?

Element Conductivity of electricity Type of oxide
when solid
A insulator basic
B conductor acidic
C insulator acidic
g D aonductor basic

From Table X11 in addition to the Total Sample, Ability Group 3

showed a significant improvement when the question was gimplified

by removal of two columns of information.

\v



53.

Original Question (X)

The order of increasing
chemical reactivity (least
reactive first) of four
halogen elements 1is

iodime, bromine, chlorine,
fluorine.

Simplified Question (Y)

Fluorine is more active
than chlorine

Chlorine is more active
than bromide

Bromine is more active
than iodine

From this it can be deduced

From this information it
can be deduced that

A.

C.

chlorine displaces both
iodine from potassium
iodide solution and
bromine from potassium
bromide solution.

iodine displaces bromine
from potassium bromide
solution,

bromine displaces chlorine
from potassium chloride
solution,

bromine displaces both iodine
from potassium iodide solution

and fluorine from potassium
fluoride solution.

that in solution

A.

chlorine displaces both
iodine from potassium
iodide and bromine from
potassium bromide.

iodide displaces bromine
from potassium bronide,

bromine displaces chlorine
from potassium chloride.

bromine displaces both
iodine from potassium
iodide and fluorine
from potassium fluoride.

The reorganisation of the bits of informaticn in the simplified version

brought about a significant improbement for the Total Sample, Ability

Group 3 and Ability Group 2.

51.

Original Question (X)

The burning of calcium in
ogygen produces an oxide
which, when it is added to
water, gives a solution
whose pH value 1is

A. 1.
B. between 2 and 7.
(o PR ("

D, between 8 and 14,
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Simplified Question (Y)

Calcium oxide dissolves
in water. The solution
would have a pH of

J ek 1Y
B. between 2 and 7.
c. 7.

D. between 8 and 14.



54.

*

Origgnal Question (X)

If a crystal of hydrated
copper (11) sulphate is
placed carefully at the
bottom of a beaker of
water to stand for several
days, a blue colour
gradually spreads through
the liquid., The best way
to describe the spread of
colour is

A, dilution,

B. dissolving.
cC.
D. melting.

diffusion.

327
Simplified Question Y)

The spread of colour
from a crystal through
still water is called

A. dilution,.
B, dissolving.
C. diffusion.
D. melting.

There are no signifieant changes for either of these items although

for most categories the changes brought about minor improvements.

52.

Original Question (X)

A piece of copper, when
heated directly in the
bunsen flame, turns black
but when heated in a hard
glass tube from which all
air has been removed it
does not turn black,

Which one of the following
statements is true about
copper? When heated

A, in the tube it loses weight.

B, in air it staps the same
weight,

C. in the tube it stays the
same weight.

D. in the tube it gains weight.

Simplified Question (Y)

Copper when heated in

air turns black. Copper
when heated in the absence
of air does not turn black.
Which one of the following
statements is true about
copper? When heated

A. in the absence of air
it loses weight.

B, in air it stays the
same weight.

C. 4in the absence of air
it stays the same weight,

D. in the absence of air
it gains weight.

The removal of a number of bits of informttion from the stem in the

simplified version brings about a significant deterioration in the

fiirls, and a smaller deterioration in some of the groups.

The expression "in the absence" which is used in the simplified version
but not in the original version may be a factor that is influencing

the performance in this question.

In some instances the reductionoof the bits of information in the
stem seems to make the question easier perhaps because the thinking
necessary to solve the question has been reduced. It is easier to

handle the information when some of the extraneous information has

been removed.



(d)

65,

Ofiginal Question (X)

Which of the following

could be a salt which,

when a solution is
electrolysed, gives a

brown deposit at the

negative electrode and

evolves a yellowish green

gas at the positive electrode?

A. Potassium bromide

B. Lead chloride

C. Copper (11) chloride
D. Calcium iodide

The arrangement of the bits of information in the stem.

Simplified Question (Y)

A solution of a salt is
electrolysed, At the

negative electrode a brown
deposit forms and at the
positive electrode a

yellowish green gas is evolwed.
Which of the following could
the salt have been?

A, Potassium bromide

B, Lead chloride

C., Copper (11) chloride
D, Calcium iodide

From Table X11 the simplification brought about an improvement for all

groups but only the Total Sample was a significant improvement.

The simple sentences of the simplified version seem to have been easier

to handle than the longer single sentmnce with the embedded clause.

In the simplified question the part of the stem thet &s asking the question

is much nearer the responses whereas in the original version the question

comes right at the beginning of the stem and information has to be read

before getting to the responses.

66.

Original Question (X)

Which one of the following
solutions when added to 20cm
80 2M sulphuric acid would
form a neutral solution?

The equation for the reaction is

H2504+2K0H K2804+2ﬁ20
A, 20cm3 of 2M potassium hydroxide

B. 4Ocm8 of 2M potassium hydroxide

C. 10cn3 of 2M potassium hydroxide

D. 40cm3 of M potassium hydroxide

»*

Simplified Question (Y)

Given this equation

H2804+2KOH K2804+2H20

Which of these solutions
would exactly neutralise 20cm
of 2M sulphuric acid?

A, 2Ocm3 of 2M potassium

hydroxide

B. 40cm3 of 2M potassium
hydroxide

C. 10cm3 of 2M potassium

hydroxide
D 4Ocm3 of M potassium hydroxide

B



This simplification brought about an improvement for most groups but
only for the Total Sample and Ability Group 1 were the improvements
signigicant,

In the simplified version the arrangement is information, question and
responses, whereas in the original version the arrangement is question,
information and responses. Perhaps having the question close to the
responses is easier to think about than having the guestion then information

before getting to the responses.

Original Question (X) Simplified Question (Y)
47, A compound, where both ions Which of the following
have the same electronic compounds has a formula
arrangement as argon (2,8,8) of the type X_Y where both
ha: a formula of the type X_Y. a
: 2 ions have the same electronic
Which o# these compounds is 1t? arrangement as argon (2,8,8)7
* *
A. Potassium sulphide A, Potassium sulphide
B. Aluminium chloride B. Aluminium chloride
C. Sodium fluoride C. Sodium fluoride
D. Potassium oxide D. Potassium oxide

The simplification brought about an improvement for most groups but only

for the Total Sample was the improvement significant.

In the simplified version the embedded clauses had been removed and this
arrangement was apparently easier for the candidates perhaps because it

made the thinking stages less convoluted.

Original Question (X) Simplified Question (V)

64, From an analysis of 24g of An analysis of 24g of
antimony oxide, which showed antimony oxide showed
that 20g were antimony and 4g that 20g were antimony
were oxygen, which of the and 4g were oxygen. Knowing
following formulae would that the atomic weight
correctly represent antimony (relative atomic mass) of
oxide, knowing that the atomic antomony was 120 and that
weight (relative atomic mass) of oxygen was 16, which of
of antimony was 120 and that the following formulae would
of oxygen was 167 correctly represent antimony

oxide?
A, 8b0 A. 8bO
B BbO2 B. Sbo2
Cs Bbzo5 c.8 szo5
. .
* D, szo3 D Sbao3
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71.

72.

Original Question (X)

Assume that air contains
nitrogen and oxygen only
and the boiling point of
nitrogen is lower than
that of oxygen. If 100cm
of air is liquefied and
then allowed to warm up,
which one of the following
will result?

3

A, 20cm3 of oxygen will come
off first and then 80cm3
of nitrogen.

B. 80cm3 of oxygen will come
of first and then 20cm3
of nitrogen,

C. 20cn3 ef nitrogen will come
off first and then 80cm3
of oxygen,

D, BOcm3 of nitrogen will come
off first and then 20cm®
of oxygen,

Original Question (X)

Use your knowledge of the
structmre of sodium chloride
and the knowledge that the
formation of potassium bromide
involves the transfer of one
electron from each potassium
atom to each bromine atom to
prddict which one of the
following statements best
describes the composition of
a crystal of potassium bromide?

A, A lattice containing equal
numbers of potassium atoms
and bromine atoms arranged
in a definite pattern.

B. A lattice containing equal
numbers of potassium ions
and bromide ions arranged
in a definite pattern.

C. A lattice containing equal
numbers of potassium ions
and bromide ions arranged
in no definite pattern,.

Simplified Question (Y)

Assume that air contains
nitrogen and oxygen only.
Remember that the boiling
point of nitrogen is lower 3
than that of oxygen. If 100cm
of air is liquefied and then
allowed to warm up, which one
of the following will result?

3
A. 20cm of oxygen will come
off first and then 80cm3
of nitrogen.

3
B, 80cm of oxygen will come
off first and then 20cmS
of nitrogen,

C. 20cm3 of nitrogen will come
off first and then 80cmfi
of oxygen.

D. 80cm3 of nitrogen will come
off first and then 20cm3
of oxygen,

Simplified Question (Y)

The formation of potassium
bromide is similar to the
formation of sodium chloride

in that each metal atom loses

one electron to each non-metal
atom, Which one of the following
best describes the composition of
a crystal of potassium bromide?

A. A lattice containing equal
numbers of potassium atoms
and bromine atoms arranged
in a definite pattern,

B., A lattice containing equal
numbers of potassium ions
and bromide ions arranged
in a definite pattern.

C. A lattice containing equal
numbers of potassium ions
and bromide ions arranged
in no definite pattern.

D. Many separate molecules each D. Meany separate molecules each
made up of one potassium atom made up of one potassstm atom
and one bromine atom. and one bromine atom.

There were no significant changes for any of these three items. The altemations
in the organisation of the information may have been of such a nature that they
did not anfluence the thinking necessary to solve the question and as & result
changes in performance were minor,
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(e)

Pompous Expressions,

58,

Original Question (X)

In which of the following
compounds is there a
tendency for covalency to

predominate?

A, Calcium fluoride

B, Sulphur chloride *
C. Sodium bromide

D. Potassium iodide

Simplified Question (Y)

Which one of these compounds
is covalent?

.

o Q W >

Calcium flooride
Sulphur chloride
Sodium bromide

Potassium iodide

From Table X11 the simplification brought about a significant improvement

for the Total Sample and for Ability Group 1.

59,

60,

Original Question (X)

Which of the following
procedures would be expected

to produce on exactly 0.1 mdlar
solution of sodium chloride
(formula weight = 58,5)?

A.

B.

Dissolving 5.88g of sodium
chloride in 100 ml of water,

Dissolving 5.85g of sodium
chloride in water and maeking
up with water to 1 litre of
solution,

Adding Y0 mlofa molar solution
of sodium chloride to 1 litre
of water.

Adding 5.85g of sodium chloride

to 1 litre of water and shaking

until didsolved.

Original Question (X)

Which one of the following
observations is used to detect
the presence of carbon dioxide?

A.
B.
C.

D.

Simplified Question (Y)

To make an exactly 0,1 molar
solution of sodium chloride

(formula weight = 58,5) what
would you do?

A.

*
B,

D.

Dissolve 5.85g of sodium
chloride in 100 ml of water.

Dissolve 5.85g of sodium
chloride in water and make
up with water to 1 litre of
solution,

Add 100 ml of a molar solution
of sodium chloride to 1 litre
of water.

Add 5.85g of sodium chloride
to 1 litre of water and shake

until dissolved.

Simplified Question (¥)

Which one of these is a test
for carbon dioxide?

Relights a glowing splint. A,
Bleaches damp litmus. B.
Forms a white precipitate 4 C.
when passed through a

solution of calcium hydroxide.
Forms a white precipitate D.

when passed through a solution
of sodium hydroxide.
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Relights a glowing splint,
Bleaches damp litmus.

Forms a white precipitate
when passed through a gdlution
of calcium hydroxide.

Forms a white precipitate
when passed through a solution
of sodium hydroxide.



Original Question (X)

62. When an atom of a metallic
element ionises it

A. loses electrons,

B. chahges the structure
of its nucleus,

C. gains protons.

D. 18 reduced.

Original Question (X)

73. The sequential stages involved
in the large scale purification
of water supplies for use in
towns and cities are

A. chlorination, storage,
filtration, distribution.

B. collection, distribution,
filtration, storage.

C. extraction, sterilisation,
distillation, storage,

D. collection, filtration,
chlorination, distribution.

For these four items there were

Original Question (X)

61. The process used to obtain
hydrated copper(ll) sulphate
from a dilute solution of
copper(ll) supphate is called

A, filtration.
B. precipitation.
C. neutralisation.

D. crystallisation.

Simplified Question )

When a metal atom changes
to an ion it

*

A. loses electrons.

B. changes the structtre
of its nucleus.

C. gains protons-

D. 1is reduced,

Simplified Question (Y)

Which one of the following is

the order in which water is

purified for use in twwns and

cities?

A. chlorination, storage,
filtration, distribution

B. collection, distribution,
filtration, storage

C. extraction, sterilisation,
distillation, storage

*

D. collection, filtration,
chlorination, distribution

no significant changes.

Simplified Question (Y)

Hydrated copper(1ll) sulphate
is obtained from a dilute
solution of copper(ll) sulphate

by
A, filtration.
B. precipitation.

C. neutralisation.

D. crystallisation.

For Ability Group 1 and the Girls there was a significant deterioration

with the attempted simplification.

The removal of the 