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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 I 

Ca) How the language of the question may 

influence performance 

Cb) 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 I 

. ~. 



Ca) 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 

Cb) 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 

science. 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. 

Ca) ability to respond correctly to multiple 

choice chemistry questions is associated 

strongly with measured verbal ability 

Cb) simplification of items materially helped 

the less able as well as girls without 

impairing the general efficiency of the test 

as a measuring instrument 

Cc) 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 a 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 
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words in the question may also have an 

influence ag.compressed formal language may 

depress performance. 

2 Expression of Quantity or Order a 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 I If a negative expression is removed, 

there can be an improvement in performance. 

4 Bits of Information I 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 I 

(a) Technical vocabulary that is introduced 

early in the secondary school may not be 

recalled by 0 grade chemistry candidates. 

(b) The language of the text book may not be 

the language with which the pupil is most 

comfortable. 

(c) In 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 suggested a 

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) language 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 thinking process. 

The thesis ends with some tentative recommendations 

and an account of some of the consequences of the 

research work. 

17 



C~P~R1 

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. 

Ca) How the language of the question 

may influence performance. 

Cb) 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. In particular this chapter will 

give more consideration to • Chemistry and Language; 

Language across the Curriculum; Language Development; 

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 Cl) 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 
think if the words were shortened, then 
pupils 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 

language. 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 I I think its coming off 

quicker because there's'more sort of cut 

faces to the sma1ler bits. 
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Text book I 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 technical 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 
pre sen ting it.' 

The difficulty facing the pupil of chemistry 

is more than coming to grips with technical terms and 

these investigations begin to give an indication of the 

wider role of language in science. 
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(a) 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 readable. simpli­

fication of non~technica1 words by sUbstitution. 

amplification of technical vocabul~ry through 

the addition of phrases or complete sentences; 

and rephrasing and shortening sentences.to 

make their thoughts clearer and more distinct. 

(b) 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 

fo~ 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). 

(c) Storey (13) with reference to Fullman (14) 

describes an investigation with 105 pupils 

taught by the same teacher and when half were 
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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. 

(d) O'Donnell (15) showed that language in 

examinations can even influence pupil choice 

of question. In 0 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 

-. 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 themJ 
and that such an understanding involves his 
paying particular attention to the past 
language plays in learning.' 
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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 

quotation 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 like 

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 
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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 

indicated are approximate and should not be construed 

as normative periods. 

The infant period I (birth to six months) 

The child produces such sounds as grunts, cries, gasps, 

shrieks, chuckling and cooing. 

The babbling period I (six months to nine months) 

units of utterances - babbling. 

The jargon period I (nine months) 

Stresses and intonation patterns in strings of utterance 

units more closely correspond to those of the adult. 

The quiet period I (nine months to one year) 

Decrease in vocalisation. 

The holophrastic stage I (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 I (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 perioda(three years) 

Uses functionally complete sentences 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 children. 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 argue'ments 
I 

were crucial in undermining the imitation theory. 

1 We would expect children to produce rather 

different patterns in their language than in 

fact they dOl 'Nobody don't like me'. 

2 We would not be able to explain some of the 

things that children actually do say in their 

utteranceSI '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 LAD is a fictitious aid for thinking about 

language. 
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• 
Fig.1.1- Language Acquisition Device 
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Lenneberg (41) suggests that language experiences 

are analrzed 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, 



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. 

Eloom'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 I linguistic 

experience, nonlinguistic experience and cognitive­

perceptual organisation with the three components 

interacting to affect the development of linguistic 

competence. A schematic representation is I 
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Fig.1. 2 - Cognitive and Language Development 

Cognitive erceptual 
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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 ~~y 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 fcrnorrnal 

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 
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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). 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 

a lesion to a posterior part of the left hemisphere. 

Broca's patient could comprehend speech but not produce 

36 



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 I 

(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, 

visual and 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). 

Ca) Patient with a tumour in the left hemisphere 

was asked to repeat the sentence I 'Spring 

came and the leaves came out in the trees' I 

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 temporal 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 thought 

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 ill. It was 
like thisl 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; 
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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. 

Cb) 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. In a similar 

way for one of my own children all furry four legged 

animals were at one time called 'dog'. ~vith 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 childre n increa ses 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 developments 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 tended 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 contexts: 

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 ~ummY'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 were 

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 
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(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 

being 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 I 

enactive. 

iconic I 

symbolic. 

representing the world in terms of action 

representing the world in terms of static 

perceptual images 

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. In 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 ~s 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 verbally 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 • 

(a) Far transposition. 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 1.3. 
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Fig. 1.3 - A Model of Cognitive Processes 
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White (105) 

This model seems to me to have been influenced 

by previous models. For example , Ernst and e'.;ell 

(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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~'I'ha t ~';hi te h·~s done is to marry together a number 

of ideas successfully and his model is worthy of further 

conside rd. tion. 

., 

Evp.nts are anything that goes on aroun~ the learnGr 

and the learner translates the observ~d stimuli into a more 

or less meaningful form y;hich is helc1 in the short-ter!n 

buffer. 

49 



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. In 

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 

processedl 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. 
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(a) 

(b) 

(c) 

Slobin asks us to consider these three sentences I 

. little p1e blue mud make eye girl was 

the little pie with mud eyes ~s~ti~ a blue 

girl 

the little girl with blue eyes ~s 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"and 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 la ter asked to place the clicJ( 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. 

Tb 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 considered to be 

cognitive processes that are closely interwoven with 

linguistic ability. 

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 Gagn~ (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 diagrarnmstic 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 l{hite'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 so far seems clear on one 

major point that whether language is the cause or the 

~esult of cognitive power, the internalisation aspect 

of language (i.e. thinking) is of fundamental importance. 
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This manifests itself in I Halliday (28) a child makes 

a language; NcNeil (39) the language acquisition 

devices 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; Novak (110) cognitive bridges; White and 

Gagne (116) linking. 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 Introduction 

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 stated 

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 

amplifica tion. 

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 

1. READING 2. PROCESSING 3. PERFORMING 

The questions 

~Il) 
Thinking about 

nnl) 
Selecting a 

and the possible the information. response 
responses Recalling 

information 

Through a considera tion of the performance it 

may be possible to become more aware of the t'tvo inter-

rela ted stc.:ges of reading anc processing. 

To think of reading as primarily a visual process 

would be erroneous (119). Reading involves the inter-

action of informa tion th,) t the reader receives through 

his visual system an-:l the inform:tion that the r<?a~ler 

already has available in his brain. For example, we 

reae faster 't.;hen the m-"terial is f21miliar, or an example 

from smith (120) - przyjezdzac - a Polish speaker would 

recognise at a glance but a non-Polish speaker 'tmulc. 

h'3ve diffiCUlty I'd th ane ,voule be unlil<:ely to recall 

after a short time. 

In 2h:ipter 1 the cognitive processes and the 

role of the components of memory (103)(108) are con-

sidereo and in reading, the limitations of short term 

memory in effect restricts the nurr.:b0r of items that 

c2>n be attendee1 to at anyone time. ;liller (121) 

observec 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. 

~vi th 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) Negative and Affirmative statements 

Wason (126)(127)(128). Subjects were presented 
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with simple affirmative and negative sentences 

and were asked to decide whether each sentence 

was true or false. He found that they took 
i 

longer and made more errors on the negative 

statements than the affirmative statements. 

Eifermann (129) had similar findings with 

Hebrew. The difficulty seems more a conceptual 

than a syntactic one. 

(b) 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. 

(c) 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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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 'h~ich has some?' and give the object 

with the most as the best example of some. 

(d) 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. 

(e) 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. 

(f) 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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label 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 were 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. 

Although words themselves are fascinating 

the linking of words to produce meaningful 
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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 less 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) Senbmces 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 I 

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 the memory 
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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 on 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 I 

(a) in matched pairs of multiple choice questions (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 multiple choice questions (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 
of the question 

P.M. X X 

Changing possible pompous non-technical 
terms 

P .M. X X 

The understanding of technical terms IN. 

Comparison of terms of quantity or order P.M. 

Replacing negative expressions P.M. 

Reducing the number of words P.M. 

Changing the arrangement of clauses P.M. 

Changing parts of speech of words 

Replacing passive expressions 

The understanding of non-technical 
terms 

P.M. 

P.M. 

IN. 

The understanding of logical connectives IN. 

Words in text-books:pupil preference IN. 
and author choice 

Pupil choice of definition 
cues 

possible 
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X 
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X 
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X 

X 

X 
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X 
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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 ability, 

their social class and their sex. The areas of 

investigation are indicated in Table 2.2. 

The Chemical Society Experiment is an expansion 

of onc 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. 
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C~P~R3 

The Scottish Experiment 

3.1 Introduction 

In this chapter it is my intention to look at 

the following hypotheses. 

(a) Replacing words in key positions in multiple 

Choice Chemistry questions may influence 

performance. 

(b) Changing possible pompous non-technical terms 

in multiple choice chemistry questions may 

influence performance. 

(c) Technical terms which have been introduced in 

first or second year of the secondary school 

may not be recalled by the 0 grade candidates. 

(d) Expressions of quantity or order (e.g. more, 

less, increasing, decreEing) in multiple choice 

chemistry questions may influence performance. 

(e) Replacing a negative expression by an affirmative 

expression in multiple choice chemistry questions 

may influence performance. 

(f) Reducing the number of words in multiple choice 

chemistry questions may influence performance. 

Cg) Changing the arrangement of clauses in multiple 

choice Chemistry questions may influence 

performance. 

Ch) Changing parts of speech of words in multiple 
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choice chemistry questions may influence 

performance. 

(i) Replacing passive expressions by active 

expressions in multiple choice chemistry questions 

may influence performance. 

(j) 0 grade chemistry candidates may have a poor 

understanding of useful non-technical words. 

(k) 0 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 0 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. 
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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 were as follows I 

(i) words in key positions in multiple choice 

chemistry questions influenced performance 

(ii) 

(iii) 

(iv) 

the effect of a large number of unnecessary 

words in a multiple choice chemistry question 

could be to impede candidates 

the presence of negatives depressed performance 

in multiple choice chemistry questions 

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. In 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 the 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 

(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'.lt.ems 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 investigate 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 



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 I 

(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 

res~n~s 

(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 

Denny High 

Dollar Academy 

Dunblane High 

Eastbank Secondary, Glasgow 

Glenwood Secondary, Glasgow 

Govan High, Glasgow 

Kelso High 

Kingsrldge Secondary, Glasgow 

Knox Academy, Haddington 

Madras College, St. Andrews 

Williamwood High, Clarkston 

TABLE 

All Saints, Glasgow 

Craigbank Secondary, Glasgow 

Eastwood High, Newton Mearns 

Grange Secondary, Glasgow 

Greenock High School 

Kilmarnock Academy 

Lochend Secondary, Glasgow 

Nicolson Institute, Stornoway 

Portobello High, Edinburgh 

St. Mungo's Academy, Glasgow 

Rothesay Academy 

Victoria Drive Secondary, Glasgow 

3.2 

Number of Pupils 

1977 

1978 

1979 
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1,297 pupils 

1,272 pupils 

1,282 pupils 



A comparison between this sample and all Scottish 

secondary schools presenting 0 grade chemistry candidates 

shows a reasonable similarity. Consider the ratio of 

total number of schools; to city schools; to Roman 

Catholic schools; 

Studies schools; 

grant aided) 

to non-Certificate of Sixth Year 

to private schools (independent and 

total 

10 

10 

city 

3 

4 

RC 

2 

2 

non SYS I private 

Scotland 

my sample 

2 

2 

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 0 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 (Appendix 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). 
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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. In 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 Resul ts 

The results of the three exercises have been 

organised as follows I 

Table 3.3 

Table 3.4 

Table 3.5 

Table 3.6 

Table 3.7 

Table 3.8 

Table 3.9 

Table 3.10 

Table 3.11 

Table 3.12 

Table 3.13 

Table 3.14 

Table 3.15 

Table 3.16 

Table 3.17 

Table 3.18 

Control Questions 

Key Words (1977) 

Difficult/pompous Non-technical Words 

(1979 ) 

Technical Terms (1978) 

Technical Terms (1979) 

Terms of Quantity or Order (1979) 

Negatives 

Large Number of Words (1977) 

Arrangement of Clauses 

Minor changes in parts of speech 

(1978 ) 

Passive voice (1979) 

Vocabulary Questions (1977) 

Logical Connectives (1979) 

Words in Text Books (1978) 

Words in Text Books (1979) 

(See over) 
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Table 3.18 

Table 3.19 

Pupil's choice of definition (1978) 

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: 

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 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. 

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. 

1977 

Pink 

No. in sample 671 

1 66 

2 70 

3 60 

* 6 

1978 

Yellow Pink Yellow 

626 626 646 

67 69 70 

71 72 71 

60 59 61 

6 

1979' 

Pink Yellow 

641 641 

69 68 

67 67 

58 56 

6 

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

78 



TABLE 3.4 

Ife~ Words p977~ 

Original Question % Simplified Question % 
correct 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 liquid other than 

* water to dissolve it? 49 
A. Salt 
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 

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. 

C. Ethene is a gas and propanol is a liquid. 
D. Propanol is an alcohol and ethereis 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. 

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 ml 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. 

% 
correct 

67 

51 

36 

Simplified Question 

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 
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. 
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 
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. 

% 
correct 

* 74 

55 

40 
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TABLE 3.6 

Technical Terms (1978) 

Question 

Evaporation 

% 
correct 

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: 

A. Chlorination. 
B. Distillation. 
C. Filtration. 
D. Precipitation. 

Distillation 
Crude oil is refined by: 

A. Filtration. 
B. Sublimation. 
C. Distillation. 
D. Condensation. 

Colloid 
Particles in a colloid: 

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? 

A. Bleach. 
B. Ink. 
C. Sugar dissolved in water. 
D. Milk 

Saturated solution 
A saturated solution of a substance is one 

A. in which 19 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 

A. Bubble. 
B. Solute. 
C. Solution. 
D. Solvent. 81 
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Table 3.6 contd. 

Solute 
When a solid dissolves in a liquid, the solid part is called: 41 

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

Solvent 
When a solid dissolves in a liquid, the liquid part is called: 50 

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

Non aqueous solvents 
Which one of the following is a non aqueous solvent? 41 

A. Water. 
B. Starch. 
C. Petrol. 
D. None of these. 

82 



TABLE 3.7 

Technical Terms (1979) 

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

Question Answers 

A B C D 

1. Chlorine Salt Sugar Water 

2. Alcohol Milk Solder Tin 

3. Acid Iron Litmus Rust 

In each of these questions choose the substance 
that is a compound 

Question Answers 

A B C D 

1. Rust Air Lead Tin 

2. Iron Milk Sulphur Salt 

3. Copper Ice Silver 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? 

-t----A 
-----8 

~--r----------C 

r---:t=t---- 0 

83 

% 
correct 

88 

92 

88 

56 

88 

77 

79 

59 



TABLE 3.8 

Terms of quantity or Order (1979) 

Original Question 

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 in water 
is the most 
concentrated? 

A. 11g of salt 3 
dissolved in 10cm 
of water. 

B. 9g of salt dissolved 
in IOcm3 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? 

B,oo~ 
~7,. 

tj.04 
-g~4 

U.04 

% 
correct 

* 84 

* 85 

* 71 

84 

Simplified Question 

A brass 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. 
B. Lead. 
C. Copper. 
D. Aluminium 

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

A. Ilg of salt dissolved 
in 15cm3 of water. 

B. 8g of salt dissolved in 
10cm3 of water. 

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

D. 5g of salt dissolved in 
lOcm3 of water 

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

bOOJ 
1j'OJ 
/;JW4 
UW4 

% 
correct 

75 

59 

63 



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

A. Iron, calcium, 
sodium. 

B. Calcium, iron, 
sodium. 

C •. Iron, sodium, 
calcium. 

D. Sodium, calcium, 
iron. 

WET FILTER PAPER 

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

METAL P METAL 

A. Zinc Copper 
B. Iron Tin 
C. Magnesium Silver 

Q 

D. Lead Platinum 

Table 3.8 contd. 

* 82 

METAL P 

METAL 

* 55 

Q 

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

A. Sodium, calcium, iron. 
B. Calcium, iron, sodium. 
C. Iron, sodium, calcium. 
D. Iron, calcium, sodium. 

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

METAL P METAL Q 

A. Zinc Copper 
B. Magnesium Silver 
C. Iron Tin 
D. Lead Platinum 

85 

63 

47 



TABLE 3.9 

Negatives 

1977 Exercise 

%" Original Question 
correct Simplified Question 

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. 
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. 
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. 

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. 
C. Nitrogen. 
D. Oxygen. 

52 

24 

60 

62 

86 

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 

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. 
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 
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. 
C. Chlorine. 
D. Hydrogen. 

% 
correct 

* 59 

* 80 

* 80 

58 



TABLE 3.10 

Large number of Words (1977) 

Original Question 

When a metal Z 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 reaction occurred. 
When 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. Y Z X T 
B. Y X T Z 
C. Z X T Y 
D. T X Y Z 

Around the symbol for 
an element there are 
four positions where 
further information may 
be given. Which of 

. these positions is used 
to indicate the atomic 
number? 

A. Top left 
B. Top right. 
C. Bottom right. 
D. Bottom left. 

% 
correct 

47 

47 

87 

Simplified Question 

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 
shows the metals in the 
correct order of activity 
(the most reactive first)? 

A. Y Z X T 
B. Y X T Z 
C. Z X T Y 
D. T X Y Z 

If X is the symbol for 
an element, which 
position is used for the 
atomic number? 

A B 

X 

D C 

% 
correct 

* 67 

* 54 



TABLE 3.11 

1977 Exercise 
Arrangement of Clauses 

Original Question 

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. above 7. 

1979 Exercise 

Atoms of element X, 
which have two 
electrons in the 
outer shell, combine 
with atoms of 
element Y, which 
have seven electrons 
in the outer shell. 
Which one of the 
following statements 
is true? 

A. The compound 
formed has the 
formula XY2' 
+ B. X ions are formed. 
2-C. Y ions are formed. 

D. The compound 
formed is covalent. 

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 of 
antimony was 120 and 
that of oxygen was 16? 

A. SbO. 
B. Sb0

2 
C. SbO' 

3 
D. Sb

2
03 

% 
correct 

46 

38 

51 

88 

Simplified Question 

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. 

Atoms of X have two 
electrons 1n the outer 
shell. 
Atoms of Y have seven 
electrons in the outer 
shell. 
Atoms of X and Y combine. 
Which one of the following 
statements is true? 

A. The compound formed 
has the formula XY

2
• 

+ B. X ions are formed. 
2-

C. X ions are formed. 

D. The compound formed 
is covalent. 

An analysis of 24g of 
antimony oxide showed 
that 20g were antimony 
and 4g were oxygen. 
Knowing that the atomic 
weight of antimony was 
120 and that of oxygen 
was 18, which of the 
following formulae would 
correctly represent 
antimony oxide? 

A. SbO. 
B. Sb0

2 
C. Sb0

3 

D. Sb
2

0
3 

% 
correct 

51 

* 48 

52 



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 is evolved. 
Which of the following 
could have been the salt? 

A. Potassium bromide. 
B. Lead chloride. 
C. Copper chloride. 
D. Calcium iodide. 

56 



TABLE 3.12 

Minor changes in parts of speech (1978) 

Original Question 

In which one of the 
following compounds 
does 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. 
Which 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. 

% 
correct 

69 

81 

59 

57 

90 

Simplified Question 

Which one of the 
following compounds is 
predominantly covalent? 

A. Potassium bromide. 
B. Carbon tetrachloride. 
C. Silver iodide. 
D. Aluminium chloride. 

Which one of the following 
solutions would conduct 
electricity appreciably? 

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 produced? 

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. Predict 
which one of the following 
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. 

% 
correct 

71 

79 

59 

57 



TABLE 3.13 

Passive Voice (1979) 

Original Question 

A compound with the 
general formula XY3 

would be likely to 
be formed from which 
of the following pairs 
of elements? 

A. Phosphorus and 
Hydrogen. 

B. Hydrogen and sulphur. 
C. Sulphur and chlorine. 
D. Chlorine and carbon. 

Equal numbers of 
protons would be 
contained in which 
one of the following 
pairs of particles? 

+ A. Na and Na 
+ B. Na and Ne 

C. Cl and Ar 

D. K+ and Ca2+ 

Iron (11) oxide is 
reduced when it is 
heated with carbon, 
but magnesium oxide 
is unaffected by 
this treatment. 
Which of the following 
statements is a 
correct deduction from 
these facts? 

A. Magnesium ions 
accept electrons 
less easily than 
do iron(ll) ions. 

B.Iron is a more active 
metal than magnesium. 

C. Oxides of metals are 
stable compounds. 

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

% 
correct 

57 

69 

50 

Simplified Question 

Which of the following 
pairs of elements are 
likely to form a 
compound with the general 
formula XY

3
? 

A. Phosphorus and hydrogen. 
B. Hydrogen and sulphur. 
C. Sulphur and chlorine. 
D. Chlorine and carbon. 

Which one of the following 
pairs of particles would 
contain equal numbers of 
protons? 

A. Na and Na+ 

B. Na+ and Ne 
-C. Cl and Ar 

D. K+ and Ca2+ 

Carbon reduces iron(ll) 
at high temperature but 
does not reduce magnesium 
oxide. 
Which of the following 
statements is a correct 
deduction from these 
facts. 

A. Magnesium ions accept 
electrons less easily 
than do iron(ll) ions. 

B. Iron is a more active 
metal than magnesium. 

C. Oxides of metals are 
stable compounds. 

D. Iron(ll) oxide forms 
iron(H) carbonate 
with hot carbon. 

% 
correct 

58 

67 

50 



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. 

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 

Probabili ty 83 

Sample size 1297 



TABLE 3.15 

Logical Connectives (1979) 

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 lOOOOC. Silicon is also 
made of giant molecules. 
____ ~--------, silicon has a melting point above 
10000 C. 

A However 
B Yet 
C Namely * 
D Therefore 

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 
B Consequently* 
C Conversely 
D However 

The formula of carbon dioxide is CO
2

; ______________ _ 

a carbon dioxide molecule contains one carbon atom 
and two oxygen atoms. 

A For example 
B Such as 
C Conversely 
D That is* 

Students shall not taste acids and bases; ____________ __ 
they should not taste any dangerous chemicals. 

A Nevertheless 
B Indeed* 
C Although 
D Consequently 

% each response 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

12 
5 
5 

78 

8 
72 

6 
14 

18 
2 
6 

74 

7 
55 

6 
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. 

Question 

1. Different colours to different "-----

2. 

amounts of energy. 

C. mean 
B. relate 
"A. accord 

* D. correspond 

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 

3. Atoms cannot lose electrons easily because 

4. 

this pulling a negative particle 
(the electron) away from the attraction of 
the positive nucleus. 

A. means 
* B. involves 

D. signifies 
C. entails 

We have already charged atoms. 

B. come across 
A. met 

* C. encountered 
D. confronted 

5. Does this anything about the colour 
of the dichromate ions? 

A. suggest 
C. tell us 

* D. indicate 
B. signify 

94 

% choosing 
each response 

2 
39 

1 
56 

26 
23 
48 

1 

13 
72 

2 
13 

55 
13 
26 

5 

43 
22 
27 

7 



TABLE 3.16 contd. 

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

A. found 
D. situated 

* B. concentrated 
C. focused 

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

A. was made up of 
c. consisted of 

* B. was composed of 
D. comprised of 

8. In electrovalent compounds each 
is attracted to all its neighbours. 

A. no word is needed. 
B. individual 
c. separate 

* D. constituent 

9. The energy is _________ as light. 

D. given out 
* B. released 

A. discharged 
C. emitted 

95 

ion 

19 
67 
10 

2 

16 
41 
30 
11 

40 
13 
42 

5 

17 
28 
20 
35 



TABLE 3.17 

Words in Text Books (1979) 

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 would prefer 
to use. 

When lithium is added to the water you can see ---
A. efflorescence. 
B. bubbles. 

* C. effervescence. 
D. frothing. 

Substances which conduct electricity when dissolved 
in water or when molten are called electrolytes. 
These substances are by electricity. 

A. separated. 
* B. decomposed. 

C. broken down. 
D. resolved. 

Sodium chloride solution conducts electricity -----
A. no word necessary. 
B. sufficiently. 
C. greatly. 

* D. appreciably. 

Two elements have the electronic arrangement 2, 8 and 
2, 8, 8. These elements are particularly ___________ _ 

A. unreactive. 
B. inert 

* C. stable 
D. inactive. 

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 ions. 

A. movement. 
* B. diffusion. 

C. spreading. 
D. dispersion. 

The copper coloured wires which you have been using 
in your electrolysis are not composed of blue 
copper ions. 

A. plainly. 
B. obviously. 
C. manifestly. 

* D. evidently. 

* Words used by the author of the text book. 

96 

% each response 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C. 
D 

8 
49 
18* 
25 

17 
50* 
26 

7 

49 
24 
13 
14* 

14 
36 
41* 

9 

28 
43* 
16 
13 

9 
54 

7 
30* 



TABLE 3.18 &7 

Pupils choice of Definition (1978) 

Question % choosing 
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. 

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. 

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 

52 

28 

20 

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 l~C 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. 

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 isotope. 

33 

37 

22 

8 



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 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. 

98 

17 

35 

25 

23 



TABLE 3.19 

Definitions (1979) 

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. 

B. An element is composed of atoms all of 
which have the same mass number. 

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

D. An element is made of only one type of 
atom. 

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. 

B. Isotopes are atoms of the same element 
with different numbers of protons. 

C. Isotopes are atoms of an element with 
different mass numbers. 

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

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 electrons 
in an atom is called the mass number. 

B. The mass number of an atom is the number 
of protons plus the number of electrons 
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 isotope. 

99 

% each response 

A 3 

B 10 

C 24 

D 63 

A 6 

B 13 

C 17 

D 64 

A 23 

B 12 

C 53 

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 

100 



predominate', 'following procedures ••• expected to 

produce' brought about an improvement in performance 

though not 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 0 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 terms. 

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 



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. In 

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. 

In multiple 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 

question 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 presentation 

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 designed to·'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 

vocabulary questions originally designed for an 

Australian exercise (12). Some of these technical words 

cause even 0 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 

connectives are also based on Australian exercises 

(136 )(137) (138). Logical connectives, e.g. 'therefore', 

'however' or expressions which serve as links between 

pieces of informationl 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 
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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; is 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 like '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 I 

(1 ) Words I 

If a non-technical word that needs to be under­

stood to answer the question Ca key word) is 

replaced by a word that is more easily under­

stood then there is an improvement in 

performance. In addition to the key 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 I 

If a negative expression is removed there can be 

an improvement in performance. 

(3) Expressions of quantity or order I 

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 I 

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 improves. 

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 0 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 

TbeJoint 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 

(JMB) in order to involve their 0 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 0 grades, in England there are two, 

namely C.S.E. and 0 level and it was anticipated that 

as a group the 0 level candidates would be a mare 

able group than the Scottish 0 grade candidates. 

In 1975 the JMB was approached by the Science 
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Education Research G~oup 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 I 

Ca) Ability to respond to multiple choice chemistry 

questions may be associated strongly with 

measured general verbal ability. 

Cb) Ability to respond to multiple choice chemistry 

questions may be related to factors that influence 

language development namely social class and sex. 

Cc) Replacing words in key positions in multiple 

choice chemistry questions may influence 

perfonnance • 

Cd) 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. 

(f) 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. 

(j) 0 level chemistry candidates may have a poor 

understandIDg 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 Harch/April 1977 and the other in Harch/ 

April 1979. 

4.2 Design of the test items used in the 1977 

Investigation 

The test i terns used in thi s 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 1-
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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 I 

(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 himaQas 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 

Investigation 

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 a-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 
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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). 

Group 1 Professional and skilled workers 

Group 2 Semi-skilled workers 

Group 3 Unskilled workers 

~fuere 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 pupils, 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 values; 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 Ca Verbal Ability 

item). 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 matched. 
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Question • t ___ 

( ~rbal J.bi~ity) 

1 
2 
.3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1lr 
15 
16 
17 
18 
19 
20 
21 
22 

'23 
24-
25 
26 
27 
28 
29 
.30 
.31 
32 
33 
34-
35 
36 
37 
38 
39 
40 

Mean facUity 

TABLE 4.1 

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

.;.1?unils -' offerinf:} Question Pupils, " offerint~ • 
Test X Test Y ( Vocabu'lary) Test X Test X . 

79 78 41 ~negative) 85 eJ,. 

77 75 42 correspond.) 84- 87 
92 92 43 (efficient) 97 96 
95 95 44- (converse) 34 34-
85 85 45 (valid) §1 86 -77 77 Mean facility 77.4- 77.'+ 
77 75 
,58 59 
81 82 (The word in parenthesis is ·the 
76 78 word the.understa~ding of which is 
63 62 bein[ttested.) , " ' ' 
73 73 
47 46 
84 Bl .. 
75 75 
88 90 
42 43 
62 62 Control 
91 92 ~e3tion..q .~pils .. _ off.!r:in~ 
67 67 (~emistry) !.est X Test Y 
92 92 I • 

90 93 52 71 71 
44- 1,,5 53 67 65 
66 66 51J. 57 58 
31 32 55 66 66 
57 61 Mean facility 65.3 65.0 
93 93 
45 45 
81 80 
63 62 Test X Test Y 
55 57 
48 48 Number of 
61 62 pupils 1 004- 1 120 
71 72 
45 45 
31 28 
34- 35 
25 27 
35 37 
~ !t!. 
65.4- 65.7 

12.2. 



TABLE 4.2 

Facility values for_tpe sub-5£OupS ~e common-suestions 

~- -. . -..,.--~----...•. -.--' .. -' 
li I 

Verbal Ability' Social Class ~ Sex i E:m.mirultion 

Group 1 I Group 2 Group 3 Group "1 I GrOU~2 . Group. 3· Boys . Girls I GCE 1--_·'.- Non-
Question I I . ' L GCE 

~6 i ~6 ~3 I ~~7 ~8 ~6 ~ ~91 ~7 :rl:S ~3C 1~3 --io+k I ~6 ~ ~~t"-F-k'l 
83 I 81 67 62 53 55 71 73 64 64 57 i 61 69 \ 66 65 66 70 69 36 38, 

52 
53 
5+ 79 I 80 57 53 36 42 65 65 51 54 45 I 46 61 j] 61 52 54 61 61 30 32 
5.5 I eo 85 66 I 64 53 53 73 74 63 64. 55 I 59 66 66 66 68 70 71 39 38 

1 ..! ~. I 
Sarnpl e I I I I ! . , I "," ' 
'::~:_!18 ~~ .... J:~~=- 3~_.~~:". 3~_":62~"_41~3 \ 93 606 I~~. 393 p~~~2110~J:!_i 
!Estimated ·1 I I I . t 
t;difference I' i 1 \ 
fnecessary I 8 I 8 . 8 7 7\ 14 6 7 5 \' 12 I 
{fOr 5% . . ' I I 

~ign1~ 1 
e'::=: . .':J _,-!. . J 

M 
C\I 
r-4 



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 • Test scores 30-40 318 324 

Group 2 • Test scores 24-29 364 367 

Group 3 • 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 misang 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 tre .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. 



TABLE 4.3 

- Facility val..ues for in[ivi[ull Questions· for total sample 

------, 
I 

Boys I 
r GCE 

:pupils 

-\ 
Non-GCE I 
Il'Upils I 

Question l' Ability Group i Social Class 
, number 1 2 3 I 1 2 3 t-----_,-.-.- .. "~--.-... --.. - r-

Girls I ----- , , , 
i 1 j Vocsbulary 

questions 

Chemistry 
control 
questions 

1'---·-" 
I 

I Number of 
pupils* 

l 

41 I 92 86 78 I 8 

42 95 88 75 8 

8 

8 

43 100 99 93 9 8 

45 88 
4l+ 36 34 34.. t 3 

8 95 79 : I 
.~. ___ ., .. ___ ... __ J.._~ ..... -.... ... _, __ .... _._ 

52 86 

.53 82 

54 80 
55 83 

.---.. 

72 
'65 
55 
65 

-.---

58 

51+ 

39 
53 

7 
7 
6 

.7 

~ ,. , 
J ! . 
2 I 

~ I 

84-
84 

97 I 
33 I 
87 

! 
1 

68 ! . I 

611- ; 
I 

1 52 \ , 
63 t 

;, 

~ 

82 I 
I 

85 86 87 72 
85 I 86 86 . 87 80 
96 97 98 98 91 
32 34- 35 35 33 
82 88 86 88 82 

! ! 

1 
; -----'1: 

I t 

65 73 I .. 69 76 36 ! I 

I i 
67 

I 
65 69 .54 ( ! 42 I I 

11-5 61 53 61 
1 

31 
i 

57 t 66 67 70 31 I I ! i I 

t ~ i Id I 
f J I i I . 

_~ __ ':"'-__ I~j_~72. L~_1122~ __ ~_j__ 791 ~~~ __ J._.~_~~: ....... .1 
642 731 I 561 

.. Because of missing. data some totals do not sum to 2024 
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4.5 Analyses of individual guestions 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 boysl 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 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. 

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 diff~rences were found to be statistically significant. 
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TABLE 4.4 

~'~ 
• F,a$lit .. y: va;tues !9~1!!l:Gtr.y .. _t'l\!e3tiorl?...in or} .. gi~l. form 

Question 
number 

Ability Group' Socia.l Class -------- GCE --~T-NO~-GCE .... 
1 2 3 1 2 3 Boys Girls _ pupi_~_.-1 __ ~~pil:_ 

46 99 98 90* 97 95 98 i 97 94 97 t 88* 
47 80 59"" 39~ 67 54') 52 I 62 54* 63 t 25* 
48 61 t.59 62 63 56';' 57 I 65 54-* 61 I 58 
49 76 l 60* 43* i 63 58 52 63 54-* 63 31 » 
50 h8W4* 29 ~ 44 32':< 23 I 39 34 39 ~ 24;~ 

___ 51 ~_6 -t1~r-4--6.'~-i-~~-155.-I-.3Lt---qQ_-·---_5.~- ----22 i_3l.r:_-
56 60 49* 1 43 1 51" i 52 - . 38 i 55 1\-5* 52' r 39* 
57 81 65* 56* \ 69 66 59 i 69 64- 70 ; 40;~ 
58 64 51 * 39*' 56 49* 46: 53 . 49 5l.. t 31 * 
59 47 32* 24* I 35 32 28 i 39 28') 36 I 21* 
60 81 66'" 41 * 68 58"'< 60 I 68 51+* 65 I 38» 

~~ 85 6~* 45~ {I T73 It D '6f* A ;~ NJ 6~--' --'64~'- --'6;'--i--"--'~;;~ 
63 31 23* 1 6 * 26· 22 1 9 I 24 . 22. 24 . l 14 >:1 

.64 71 59* 39* 64 52* 45! 58 I 53 59 I 32;~ 
65 68 56* 44* 56 55 54 l 59 I 52') . 57 ~ 44* 
66 6.5 52 37:;C 58 47~ 50 l' 55 : 45') 52 . I 41>:1 I 
67 46 36* 30 41 35"" 16 36 I 36 38 t 20"" 
68 65 1 .. 5* I 37* 53 4-5* 50 50 I 46 51 I 26* . 

"69 43 35* I 32 39 36 41 35 40 37 l 35 
! 70 . 65 55* 1 40* . 58 50') I 44 54 f. 53 56 t 35* 

i ~~fi~?f 1~~ 364 l322 419 f--;·6~l-~f6-;6-· \ --393- 899 L~05_ .. ~~ 
• The differences between Ability Group 1 and Ability Group 2, between Ability Group 2 and Ability Group 3, 

botween Social Class Oroup 1 and Social Class Group 2, between boys ~d girls and between GCE pupils 
and non-GCE pupils for individual "questions have been tested; those markectare significant at the 
5 per cent level. 

m 
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TABLE 4.5 

Facilitv values for Chemistry questions in simplified form 

I-·;~:t;~·:-r-·-·~~~~i t~ro~~ ~. Social Class I ! ~--l--GCE- - -I lIon-GCE 
number ; 1 2 3 1 2 3· Boys ~ Girls pupils! pupils 

~ __ ~. ,r! 

I 
I 
I 

I 
I 
I 
I 
~ .. 

46 ~ 99 100 I 99 100 rI' 99 100 99 }j.. 100' I 99 ' 1 100 
47 I go ! 79*! 67* 83 74 * 75 79 78 83 I 48* 
48 r 68 \' 59-X-! 63 65 I 62 68 64 1 61 63 I 64 
49 1 77 64* '-.4:(5-»- 71 t 58-X- 53 65 58* 65 I 42* 
50 1142 126* 21 54! 26* 28 32 27 31 I 16* 
51 75i 57* 52 651 58* 57 63 . 57' 64 I 39* 

56 ~ 73 I
j 

61* \54 69 l' 61-X' {57 64 60 66 t 40* 
57 L 84 65* I 54* 72. 66 I 60 68 68 70 l 49* 
58 58 .; 44* 34* 55 ~ 41* 38 49 40;(- I 48 I 21* 
59 49 I 32* 27 40 I 34 I. 22 38 32.* I 38 ! 23" 
60 75! 54*, 40* .1 62 i ,52*! 55 . 6~ 5P.' 59 I 38* 
61 , 11 I -iT H .. D R A U }, ' , 
62 88 I 70* i 61* 79 1 68*: 74 73 73· 75 I 55* 
63 31 \' 26 1 25 33 26* I 14 30 '23-)(- I 28 t 22 
64 77 l 52* 41* 67 52* 1 44 ( .56 57 61 I 26* 
65 59 49* 43 52 49* I 56 t ',54 45-*. 
66 67 I 50* 43 61 50*, 57 I 55 50 I 55 i 39* 

- 67 51 J 37* 31 47 37* I 24 I 41 38 I 41 , 30-)(-
68 80 I 59* 42* 63 61 52 59 63 1 64 t 36*-

~6 I ~~ ! ~~: I ;1: I~~ I ~* . 1b !;~ !~! ~ I ~~: i 
~ 1ium'Qer of 
i1 pup~ls 

-11. 32~-1-~6~'~;-! 4;-;' 9-;17,;----;;-\ 902 -I 118 I 
. , i ~ I ' I ,--

* The differences bet'-Teen Ability Group 1 and !1.bili ty Group 2, beti'Teen Ability Group 2 end. Ability Group 3, 
betlreen Social Class Group 1 and Socio.l Class Group 2, petvTeen boys and girls and between GCE pupils 
and non-GCE pupils for individual questions have been tested; those marked"*ure signii'icant at the 
5 per cent level. 

o 
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TABLE 4.6 

Differences in facility v8_1ues behTeen sim"Olified and orip:il1..al fo~s of Chemistry Questions 

'f Question Ability Group Social Cla~'~-' 
I number 1 2 3 1 2 3 Boys 

1 I 1 G ! 46 O .. .'! 2*:': 91)·' 3* 4* 2 . 
I 47 10* I 20* 28* I 16* 20* 23* 
! 48 . 7 0 1 2 6 11 

I, 49 1 I 4 :3 8 0 I 1 
. 50 -6 -8* -8-)!-':'10* -6 5 
I 51 9* 1 6 . 8* 3 6 
i 
I 56 13* 1 2* I 11 * 15'* 9* 19* 
! 57 3 0 -2 3 0 1 

I· 58 -6 -7 I -5 -1 -8*-8 
59 2 I 0 :3 5 2 -6 

" 60 -6 1-12* -1 -6 '-6 -5 

j
t 61 _ •. ,_ft· _.M._· \\' I T IT D R A 

62 . 3 t 2 16* 6* 7* 19* I 
63 O. I;; 9* 7* 4 -5 t 

I 64 6 -7 2 3 0 -1 I 
I G5 -S* -7 I -1 -4 -6 2 i 
! 66 2 -2 I 6 3 :3 7 I 
j 67 5 1 . 1 6 2 8 
'i 68 15* ~ 14* 5 10* 16* 2 I 
i 69 22* t 15* . _ g'* J 17')!- 11 * 4 t 
I 70 2 I -6 I -6· J -2·' 6 -4 , 
L_~ " 

2* 
17* 
-1 

2 
-7')f-

:3 

9* 
-1 
-4 
-1 
-8* 

W 11 
5 
6* 

-2 
-5 
o 
5 
9-)(-

17* 
-2 

* Difference statistically significunt at the 5 per cent level 

., GC.3 Non-GCE 
! Girls pupils pupils 

! 6* 
24* 
7* 
4 

-1'* 
6 

15')f-
4 

-9* 
4 

-3 . 

9* 
1 
4 

-7* 
5 
2 

17+:' 
9* 

-6 1 

2* 
20* 

2 
2 

-8* 
5* 

14* 
o 

-6·)10 
2 

-6* 

6* 
4 
2 

-G* 
3 
3 

13* 
15* 
-3 

I 
J 

I 
I , 
~ 

12* 
23* 
6 

11 
-8 

5 

1 
9 

-10 
2 
o 

10 
8 

-6 
-2 
-2 
10 
10 

j 5 
f . -12* 
• 

r-4 
M 
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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. 48; 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 valuesl 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 0 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 JMB/Glasgow experiment 

and those obtained in the second Scottish experiment. 

All the differences in facility values between the JMB/ 

Glasgow 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 

defini tion 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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Original Question (X) Simplified Question (Y) 

59 Which statement is 8Li+ and 8Bi2+ 
true about the ions 3 4 ~ 

8Li+ 
3 

8 :/.2+ and 4B er ? have the same number of 

A. They contain the A. neutrons 
same number of B. protons 
neutrons. 

C. charges 
B. Their atoms D. electrons 

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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4.7 Discussions and conclusions of 1977 Investigation 

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 account. 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 values 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 Design of the test 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 

forms of the two tests should contain 33 items made up 

as follows 1-

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.g. 

increasing/decreasing) 

(b) the presence of negative expressions 

(e.g. incorrect, not) 

(c) the number of bi ts of information in the 

stern 

(d) the arrangement of the bits of information 

in the stern (e.g. embedded clauses) 

ee) 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 0 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 Administration of the 1979 

Investigation 

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 Results of items common to all pupils in 1979 
. .. - .. . . - ~ .. ~ 

Investigation 

As in 1977 it was intended that by using 

fairly large samples overall, the sub-groups of pupils 



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 less, 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 

matched. 

Details of the sub-groups and the numbers of 

pupils in each are as follows ,- (see over) 
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Verbal Ability 

Group 1 I Test Scores (26-40) 

Group 2 I Test Scores (19-25) 

Group 3 I Test Scores (0-18) 

~ 

Boys 

Girls 

Test X 

246 

254 

247 

484 

263 

Test Y 

259 

244 

254 

503 

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 
(Verbal Ability) Test X Test Y 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

Mean facility 

67 

62 

81 

89 

74 

67 

66 

44 

77 

67 

51 

58 

37 

76 

60 

80 

38 

48 

86 

54 

85 

91 

31 

52 

23 

45 

82 

40 

77 

49 

49 

37 

47 

53 

33 

24 

27 

14 

20 

26 

54.8 

66 

59 

84 

90 

73 

67 

68 

47 

74 

66 

52 

60 

39 

76 

59 

81 

35 

52 

88 

56 

85 

90 

30 

53 

27 

43 

83 

42 

77 

48 

50 

37 

51 

56 

32 

23 

27 

19 

20 

30 

55,5 

Control Questions 
(Chemistry) 

41 

42 

43 

48 

Mean facill ty 

Pupils offering 
Test X Test Y 

69 

60 

49. 

53 

57.8 

69 

60 

49 

53 

57.8 

Test X Test Y 

Number of pupils 747 757 
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TABLE 4.9 

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

Verbal Ability 

Croup 1 Croup 2 Crou~ 3 
Question 

41 

42 

43 

48 

Sampie 
size 

Estimated 
difference 

x y 

83 82 

78 78 

71 70 

70 6S 

246 259 

for 5 per 8 
cent 
.ignificance 

x y x y 

71 65 53 58 

55 56 48 41 

45 48 32 31 

52 S3 37 42 

254 244 247 254 

8 8 
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Sex 

Boys Girls 

x., y x y 

71 70 65 65 

61 62 60 S2 

51 53 45 44 

56 54 47 52 

484 503 2G3 254 

7 8 



4.11 Analysis of individual questions in 1979 

Investigation 

Separate analys~s 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 

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 statistically 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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(1979} Faci1it;l 

Question 
Number 

44 

45 

46 

47 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

6G 

67 

68 

6:> 

70 

71 ' 

72 

73 

:i •• 0.%. 
pUpils 

1 

42 

64 

78 

31 

61 

36 

65 

88 

92 

84 

79 

72 

85 

48 

26 

86 

85 

85 

83 

53 

65 

58 

15 

8~ 

78 

70 

74 

61) 

88 

248 

TABLE 4.10 

values for Chemistr;l questions in original form. 

Ability Group Total 
2 3 

Boys Girls Sample 

• 23 17 27 28 27 

• 47 41 51 49 50 

56* 41* 
: ...... , 

50~ !)7 ts 
* 23 22 23 29 24 
... 3S· 48 51 45 49 

• • 27 27 35 21 30 

• • 52 35 51 50 50 

• 54· 76 74 71 73 

* • 78 53 74 75 74 

• 69 63 71 74 72 

• • 65 49 65 64 64 

54* . • 48· 34 56 53 

• • 72 54 72 67 70 

• 37 35 . 30 38 36 

23 ·19 '23 21 22 

• • 74 57 72 73 73 

* • 70 51 68 69 68 

.' •• 
72 52 68 72 69 

• • • 
55 34 61 52 58 

• 33 30 4.0 35 39 

• • 51 41 54 . 50 52 

• 31· 43 4.6 41 44 

13 13 15 11 13 

• • 63 48 62 6B 64 

• * 
54 se !Ss 56 S6 

•• ... 
50 38 53 5!l 53 

• * • 
58 42 61 53 58 

• 49 45 53 53 53 

78· • 60 74 79 76 

254 247 484 263 747 

The differences between Ability Group 1 and Ability Group 2, between 
AbIlIty Group 2 and AbIlIty Oroup 3, and between boys and girls tor 
individual questions have been testod; these Marked • are signifleBnt 

at tho 5 per cent level. 
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TABLE 4.11 

(1979) Facility values for Chemistry questions in simplified form. 

Question 
Number 

44 

45 

46 

47 

-10 . 

50 

51 

152 

53 

54 

55 

156 

57 

S8 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

Nunber of 
Pupils· 

1 

27 

65 

75 

33 

64 

36 

6·1 

67 

92 

85 

76 

90 

83 

56 

21 

83 

77 

82 

70 

57 

71 

66 

17 

sa 
69 

77 

75 

67 

8G 

259 

Ability Group 
2 3 

27 30 
III III 

45 26 
III Ill. 

57 38 

29 24 
III III 

48 36 

'" 25 24 

'" III 
52 40 

III III 
73 48 

III 
86 63 

75* 
III 

. 63 
III 

70 59 

84 62* 

71· • SS 

• 35 34 

19 19 

71* • 54 
* III 

68 47 

• '" 73 58 

• • 48 30 

• III 
35 23 

* • 54 45 

• 40 38 

• 9 9 

• '" ·76 S7 

• III sa 30 

• • 68 46 

• • 54 35 

• '" 54 39 

• 8~ 67 

244 254 

Boys Girls Total 
Sample 

28 28 28 
III 

48 40 45 

59 52 57 

29 28 ·29 

51 47 49 
III ~8 33 20 

53 50 52 
III 

73 62 69 

80 82 81 

76 73 75 

68 69 69 

83 71· 79 

72 64· 70 
• 44 36 45 

20 19 20 

71 66 69 

'" 67 59 64 . 

71 72 71 

54 42 
III 

50 

40 37 39 

57 57 57 

51 43 • 49 

14 7 12 

72 75 73 

54 49 ' 52 

63 65 64 

58 48 55 

54 53 54 

79 76 78 

503 254 757 

The difforences botween Ability Group I and Ability Grou~ 2, between Abillty 
Group 2 and Abllity Group 3, and between boys and r,irIs for individual questions 
have be.n tested; these marked III are oignl!lcant at the 5 per cent level. 
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TABLE 4.12 
_ {1979) Differences in facility values between simplified nnd oriRinal 

torms of chemistry question. 

Question Ability Group 
-Boys Girls Total 

Number 1 2 3 Soml'le 

... ... 
44 -15 +4 +13 + 1 0 + 1 

... * ... 
45 + 1 - 2 -15 - 3 - 9 - 5 

46 - 3 + 1 - 3 0 - 5 - 1 ... 
47 + 2 . + F +2 + 6 - 1 + 5 

49 + 3 0 - 2 0 +. 2 0 

50 0 - 2 - 3 - 2 - 1 - 2 

51 - 1 0 + 5 +2 0 +2 
... 

52 - 1 . - 3 - G - 1 -9 - 4 
... ... ... 

53 0 + 8 +10 + 6 + 7 +7 

54 + 1 + 6 0 + 5 - 1 +.3 
... • 55 - 3 + 5 +10 + 3 + 5 + 5 

... ... ... III • • :56. +18 '+30· +28 +27 +23 +26 

57 - 2 - 1 + l' 0 - 3 0 
... • 58 + 8 0 + 4 + 6 0 + 8 

59 .- 5 + 4 0 .. 3 - 2 - 2 

GO 3 - 3 - 3 - 1 1 7 - 4 
... ... 

61 - 8 - 2 - 4 - 1 -10 - 4 

62 - 3 + 1 + G + 3 0 -2 
... ... • ... 

63 -13 - '1 - 4 - 7 -10 - 8 

64 +4 +·2 - '1 O· + 2 0 

. + 4 + 3 + 7 • 65 + 6 + 3 + 5 

66 . + 8 
... 

3 + '1 + 5 + a • + 5 

67 + 2 - 4 - 4 - 1 - " - 1 
• ... ... • 68 . + 5 +13 + g +10 - 7 + 9 .. 

+ 4 -2' 69 - 9 - 6 - 7 - 4 

• ... ... • • 
70 + '1 +18 + 8 +10 +13 +11 

71 + 1 - 4 - 7 - 3 - 5 - 3 

72 + 2 + 5 - 6 + 1 0 + 1 

73 - 2 +4 + '1 + 5 - 3 +2 

• 15 2 
DiffereDces statistically significant at the 5 par cent level. 



Inspection of Table 4.12 shows that, when 

statistically significant differences only are taken 

into account, the items may be placed into the 

following groupsl-

(a) No change in facility values I 

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

64, 67, 71, 72, 73. 

(b) Change in the hypothesised direction, that 

is, simplification leads to a significant 

rise in facility valuel 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 I 

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 • 

If a non-technical word that needs to be 

understood to answer the question is replaced 

by a word that is more easily ~derstood then 

there is an improvement in performance 

(19771 46, 47, 51 and 1979. 56, 58, 68). 

If any word is capable of being misinterpreted 

then this influences performance (1977.69). 

(2) Negatives • 

If a negative expression is removed, there 

can be an improvement in performance. 

(19771 56 and 1979. 70, 44). 

(3) Bits of Information 1 

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 

(19791 59, 60, 62, 73). This is unlike the Scottish 

experiment and may reflect on the greater ability of 

the JMB candidates. Changing questions from passive 

voice to active voice also bad little effect (1979a 

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 dialect 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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C~P~R5 

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. In 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 I 

'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 abundant', 'least abundant' 

(Table 3.8) 'increasing', 'decreasing' 

(Appendix M No. 56). 

Thus even in matched multiple choice questions 

investigations (160)(161) 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). In 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 

major modification. Gardner's findings were based on 

the results of only one question testing each word 

and from my findings with matched multiple choice 

questions it seemed to me that the meaning of a 

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 I 



(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, 

161 



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 I 

Ca) Gardiner's findings are in the main appli­

cable to Bri tain • 

Cb) 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. 

(d) 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 
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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 0) 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 

If " English second language 

Technical College Students English first 
language 

" " " English second 
language 

Teachers in Training in Great Britain 

Teachers in Training in West Indies 

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 

valid 63 

(B) English Second Language (% correct) 

average 63 rate 

converse 18 spontaneous 

convert 72 valid 

efficient 72 criteria 

illustrate 72 postulate 

165 

(131) 91 

( 11) 84 

( 65) 90 

( 31) 80 

(287) 89 

( 55) 81 

(5) 

72 

72 

54 

72 

36 (10) 



TABLE 5.3 

Technical College Students 

Words which fewer than 80% of students got correct 

(A) English First Language (% correct) 

average 69 propagate 78 criteria 58 

converse 13 valid 41 postulate 38 (6) 

(B) English Second Language (% correct) 

associate 74 diversity 74 rate 77 hypothesis 64 

. average 77 effect 77 relevant 77 postulate 16 

concept 70 efficient 61 simultaneous 77 substitute 77 

contrast 70 factor 67 spontaneous 64 symmetrical 64 

converge 74 illustrate 74 standard 64 theory 25 

converse 41 incident 74 stimulate 77 

correspond 54 logic 77 valid 64 

disintegrate 67 probability 70 criteria 45 

(29) 

TABLE 5.4 

Teachers in Training 

Words which fewer than 80% of students got correct 

(A) In Great Britain (% correct) 

average 76 criteria 74 incid!Ult 69 theory 77 

converse 14 postulate 19 . propagate 79 valid 58 

(B) In West Indies (% correct) 

average 72 factor 78 simultaneous 78 

contrast 78 illustrate 78 spontaneous 65 

converse 47 incident 63 valid 27 

correspond 79 negllble 79 criteria 67 

diversity 69 probabili ty 56 postulate 21 

effect 70 propagate 72 symmetrical 79 

efficient 78 rate 74 theory 50 

(21) 
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TABLE 5.5 

Number of pupils taking each original test. 

Test 
Year 

1 2 3 4 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 

18 249 193 195 59 5 

19 186 150 129 66 

20 148 116 17 5 

21 78 82 69' 58 45 

22 54 138 98 18 3 

23 107 145 237 59 107 8 

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 Bri tishResults 

Year 

Word 1 2 3 4 

Invert 88 90 95 93 Australian) 
91 94 97 100 British ) 

Results 

Instant 91 93 94 95 
93 96 97 98 

Instantaneous 77 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 

conception 

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 

film 

fog 

fundamental 

generate 

illustrate 

incident 

incline 

ini tial 

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 

preparation 

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 

textbook 

transform 
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TABLE 5.8 

Second Form List 

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

abundant disperse liberate reflect 

action displace limit regulate 

arid distribute linear revise 

ascend diversity logic row 

audible dominant lubricate section 

average external magnitude simultaneous 

complex factor negative spontaneous 

concept film negligible stagnant 

conception fog neutral standard 

constituent fundamental omit stimulate 

continent incident outline substitute 

contrast incline partial tabulate 

convention initial percentage transform 

converse interpret phenomenon 

correspond invert positive 

descendant involuntary probability 

devise latitude propagate 

diagnose layer random 

diameter leaf rate 

disintegrate leak recoil 
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TABLE 5.9 

Third Form List 

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

audible external magnitude standard 

average factor negative stimulate 

concept film negligible substitute 

conception fundamental omit tabulate 

constituent incline propagate 

continent invert random 

convention latitude· rate 

converse layer recoil 

correspond leaf regulate 

descendant leak revise 

diagnose liberate row 

disintegrate limit section (49) 

displace linear simultaneous 

distribute logic spontaneous 

diversity lubricate stagnant 
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TABLE 5.10 

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

converse 

correspond 

disintegrate 

diversity 

factor 

laU tude 

layer 

leaf 

liberate 

limit 

linear 

logic 

lubricate 

omit 

rate 

simultaneous 

spontaneous 

standard 

173 



(c) The Questions 

One of the ideas behind the Chemical society 

exercise was to involve 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 Form Form 

B. modern and newly discovered 1-2 3-4 

c. difficult and hard to Number of pupils 108 113 
understand 

Percentage correct 58 74 
D. easily.explained 

E. most important 

Iron is Fundamental to life: 

A. iron can kill living things Form Form 

B. iron stops living things 1-2 3-4 
from growing 

Number of pupils 51 232 
c. all living things must 

Percentage correct 49 65 
have iron 

D. life is difficult without 
iron 

The Fundamental property of a knife is that it: 

A. is made of metal Form Form 

B. is longer than a fork 1-2 3-4 

c. can cut things Number of pupils 51 84 

D. has a pointed end and a Percentage correct 60 61 
handle 
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(i) connotations 

One word often has a number of connotations 

and it would be wrong to assume be ca use 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: 

This is called: 

A. a text 

B. a title 

Absorption, 221 
Acids, 257 
Action & Reaction, 84 
Adaptive Features, 38 
Adhesion, 94 
Air, 151-154 
Alkalis, 258 

C. a dictionary 

D. an index 

E. the page numbers 

Anaerobic Respiration, 135 
Animal Identification, 30 
Ascent, of water, 62 
Atomic Number, 62 

Which of these is the 
Index finger? 
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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 

Form 

3-4 

359 

93 

Form 

3-4 

112 

68 



Reverse 

A B 

Number of pupils 

Percentage correct 

Form 

1-2 

126 

51 

Form 

3-4 

110 

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. join + to -

When you reverse a car, you: 

A. go in a circle 

B. go faster 

C. slow down and come to a stop 

D. go backwards 
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Number of pupils 

Percentage correct 

Form 

1-2 

336 

90 

Form 

3-4 

193 

91 



(ii) 

178 

Context/Precision 

From the data received, questions designed to 

test the same word with the same meaning 

produced different results. Part of the 

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 
B. was beautiful 
C. was not clever 

on 

D. had 
E. was 

only a few 
absent 

clothes Number of pupils 

Percentage correct 

A candle usually has a naked flame. 

A. very weak 
B. not covered 
C. orange-coloured 
D. slow burning 

Law 

Lay down the law means:-

A. discuss 
B. put the piece of 

paper down 
C. argue 
D. give orders 

Scientific laws are:-

A. laboratory rules 
B. acts of Parliament 
C. instructions on how 

to write up an 
experiment 

D. facts we have learnt 
from experiments_ 

Number of pupils 

Percentage correct 

Number of pupils 

Percentage correct 

Number of pupils 

Percentage correct 

Form Form 

1-2 3-4 

59 

95 

Form 

1-2 

98 

75 

Form 

1-2 

392 

74 

Form 

1-2 

221 

39 

60 

100 

Form 

3-4 

541 

78 

Form 

3-4 

131 

80 

Form 

3-4 

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 

B. an estimate of length 

C. a duplication of length Number of pupils 

D. a standard of length Percentage correct 

Form 

1-2 

51 

48 

A can of juice must contain at least 350 ml of liquid. 

Which can is not up to standard? 

A. which contains 348 ml 

B. which contains 350 ml 

C. which contains 352 ml Number of pupils 

D. which contains 363 ml Percentage correct 

Argument 

A man is having an argument with his wife over 

which TV programme they should watch. 

They had a:-

A. friendly chat 

B. difference of ideas 

C. quick check 

D. long talk 

Number of pupils 

Percentage correct 

John explained his views by careful argument 

He:-

A. shouted 

B. provided evidence 

C. made measurements 

D. became annoyed 
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Number of pupils 

Percentage correct 

Form 

1-2 

29 

90 

Form 

1-2 

143 

84 

Form 

1-2 

201 

50 

Form 

3-4 

246 

60 

Form 

3-4 

62 

93 

Form 

3-4 

149 

92 

Form 

3-4 

106 

59 



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 wi th 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 I 

(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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Word 

abundant 

adjust 

annual 

average 

capable 

classify 

complex 

. conception 

constituent 

contrast 

converse 

crude 

descendant 

disintegrate 

diversity 

emit 

estimate 

excite 

external 

film 

grain 

illustrate 

initial 

isolate 

lubricate 

maximum 

naked 

obvious 

percentage 

plot 

probabili ty 

random 

reflect 

repel 

row 

sequence 

stagnant 

suspend 

tabulate 

treatment 

TABLE 5.11 

Test 1 

Percentage correct 

34, 57, 82, 83, 100 

71, 74, 82, 91, 100 

66, 84, 91, 100 

68, 70, 90, 100, 100, 100 

77, 77, 98, 98 

66, 66, 84, 100 

27, 57, 75, 88 

36, 65, 66 

64, 70, 80 

13, 77, 77, 91 

24, 42, 63, 74 

48, 64, 85, 86 

67, 69, 86, 90, 92 

22, 40, 40, 63, 85 

33, 60, 78, 79, 98 

21, 47, 58, 58, 59, 79 

66, 82, 83, 86, 91, 94 

65, 85, 89, 91, 95 

44, 61, 84, 88, 94 

70, 70, 85, 95, 98 

38, 89, 91, 95 

47, 54, 83, 86, 92 

42, 60, 72, 72, 87, 96 

64, 74, 80, 82, 84, 91, 98 

51, 57, 75, 79, 84, 85, 96 

55, 79, 80, 96 

72, 85, 90, 95, 97 

71, 80, 81, 96, 100 

56, 75, 86, 89, 94 

69, 75, 85, 88, 100, 100 

54, 60, 82, 93, 100, 100 

45, 65, 72, 79, 81, 93 

76, 77, 82, 93, 96, 100 

49, 74, 91, 96, 96 

44, 65, 66, 68, 91 

66, 70, 74, 100 

51, 66, 67, 72, 78 

44, 54, 85, 87, 100 

30, 31, 41, 71, 79, 86 

75, 83, 86 

Mean 

71 

83 

85 

88 

87 

79 

61 

55 

71 

64 

50 

70 

80 

50 

69 

53 

83 

85 

74 

83 

78 

72 

71 

81 

75 

77 

87 

85 

80 

86 

81 

72 

87 

81 

66 

77 

66 

74 

56 

81 

Range 

66 

29 

34 

32 

21 

34 

61 

30 

16 

64 

50 

38 

25 

63 

65 

58 

28 

30 

50 

28 

57 

45 

54 

34 

45 

41 

25 

29 

38 

31 

46 

48 

24 

47 

47 

34 

27 

56 

56 

11 
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Word 

action 

alternate 

appropriate 

associate 

characteristic 

component 

consecutive 

continent 

convention 

crest 

deflect 

device 

diagnose 

displace 

effect 

erect 

exact 

exert 

fundamental 

impact 

incline 

limit 

linear 

modify 

negligible 

outline 

perpendicular 

previous 

propagate 

recoil 

relative 

retard 

sense 

source 

standard 

submerge 

symmetrical 

theory 

vital 

TABLE 5.12 

Test 2 

Percentage correct 

78, 93, 95, 96, 98 

65, 77, 80, 93, 97 

51, 91, 94, 98, 98, 100 

76, 83, 92, 95, 96, 96 

39, 61, 75, 75, 100 

33, 63, 88, 89 

71, 77, 80, 80 

15, 63, 87, 99 

47, 52, 58, 68, 73 

45, 67, 70, 87, 94 

84, 85, 88, 91, 92, 94 

41, 75, 82, 86, 92, 94 

45, 68, 84, 91, 92, 93 

26, 35, 48, 67, 77, 89 

28, 77, 80, 87, 87, 92 

56, 63, 73, 79, 88, 94 

57,85, 89, 91, 93, 95, 96 

47, 60, 63, 69, 73, 85, 90 

17, 59, 61, 66, 76 

47,60, 69, 97 

8, 31, 69, 73, 78 

54, 73, 73, 86, 89, 91 

32, 37, 44, 69, 75, 79, 81 

66, 70, 76, 81, 85 

20, 25, 27, 42, 54, 66 

78, 81, 83, 89, 95 

36, 52, 70, 73, 75 

66, 71, 89, 90, 93, 96, 100 

16, 41, 47, 50, 50, 59, 81 

16, 40, 53, 61, 62, .96 

24, 74, 81, 83, 96 

9, 34, 50, 72, 83, 87 

71, 73, 92, 94, 94, 98 

55, 63. 67. 85 

41, 55, 91, 94 

48, 75, 86, 86, 100 

36, 44, 56, 74, 79, 100 

52, 71, 73, 76, 85 

88, 91, 91, 100 

Mean 

92 

82 

88 

89 

70 

68 

77 

66 

59 

72 

89 

78 

78 

57 

75 

75 

86 

69 

55 

68 

51 

77 

59 

75 

39 

85 

61 

86 

49 

54 

71 

55 

87 

67 

70 

79 

64 

71 

92 

Range 

20 

32 

49 

20 

61 

56 

9 

84 

26 

49 

10 

53 

48 

63 

64 

38 

39 

43 

59 

50 

70 

37 

49 

19 

46 

17 

39 

34 

65 

80 

72 

78 

27 

30 

53 

52 

64 

33 

12 
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Word 

abUi ty 

adjacent 

analysis 

audible 

calculate 

column 

concept 

consistent 

contract 

converge 

criticise 

degree 

diameter 

distinct 

efficient 

essential 

excess 

expose 

factor 

function 

generate 

illuminate 

influence 

involuntary 

magnitude 

minimum 

negative 

omit 

permanent 

preparation 

process 

rate 

regulate 

residue 

section 

simultaneous 

stain 

symbol 

temporary 

uniform 

TABLE 5.13 

Test 3 

Percentage correct 

89, 96, 100, 100 

77, 85, 89, 97 

82, 88, 100, 100 

52, 55, 55, 76, 78, 100 

85, 93, 93 

67, 77, 78 

54, 61 

65, 86 

17, 74, 85 

59, 68, 92, 93 

40, 60, 90, 92 

59, 88, 96 

74, 75, 88, 93 

69, 78, 93, 98, 98 

55, 58, 80, 85, 89, 89 

67, 75, 81, 91, 95 

29, 61, 77, 86, 95 

63, 90, 91, 100, 100 

32, 70, 80, 84, 100 

73, 83, 98 

69, 72, 77, 96 

76, 79, 92, 96 

47, 86, 96 

42, 62, 81, 88, 93 

32, 47, 71 

79, 81, 85, 100 

61, 77, 84, 97 

42, 52, 88, 92, 93 

84, 88, 89, 96 

60, 72, 85, 93, 96, 100 

60, 88, 91, 93, 100, 100 

47, 65, 75, 95, 100 

64, 79, 79, 93, 96 

60, 68, 77, 83, 86 

66, 79, 93, 96, 98 

42, 57, 84 

79, 95, 100 

83, 90, 94, 96, 100 

65, 88, 95, 99, 100 

77, 85, 93 

Mean 

96 

87 

92 

69 

90 

74 

57 

75 

58 

78 

70 

81 

82 

87 

76 

81 

69 

88 

73 

84 

78 

85 

76 

73 

50 

84 

79 

73 

89 

84 

88 

76 

82 

74 

86 

61 

91 

92 

89 

85 

Range 

11 

20 

18 

48 

8 

11 

7 

21 

68 

34 

52 

37 

19 

29 

34 

28 

66 

37 

68 

25 

27 

20 

49 

51 

39 

27 

36 

51 

12 

40 

40 

53 

32 

26 

32 

42 

21 

17 

35 

16 
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Word 

accumulate 

agent 

aperture 

arid 

coincide 

composition 

conical 

consume 

contribute 

correspond 

decay 

detect 

devise 

disperse 

dominant 

enable 

evacuate 

exclude 

fog 

immerse 

incident 

interpret 

liberate 

logic 

multiple 

neutral 

partial 

phenomenon 

primary 

proportion 
, 

reference 

relevant 

revise 

sensitive 

spontaneous 

stimulate 

substitute 

system 

thrust 

valid 

TABLE 5.14 

Test 4 

Percentage correct 

60, 72, 90, 100 

56, 86, 87, 96, 96 

42, 43, 57, 85, 90 

30, 33, 51, 60, 71, 72, 98 

38, 56, 67, 69, 100 

72, 76, 86, 95 

74, 75, 75, 86 

77, 77, 87, 91 

87, 88, 90, 90, 96 

31, 76, 84, 85, 89 

82, 85, 88, 92, 93, 94, 100 

46, 72, 75, 89, 93, 98, 100 

66, 71, 78, 86, 89, 97 

55, 75, 76, 79, 93, 94 

57, 68, 71, 80, 84, 99 

69, 69, 70, 80, 80, 82, 98 

16, 54, 63, 80, 95, 95, 96 

26, 81, 85, 88, 91, 92, 94 

77, 77, 77, 91, 94, 100 

46, 48, 63, 78, 96 

23, 71, 81, 91, 94 

53, 79, 88, 89 

19, 37, 56, 67, 68, 71, 82 

63, 72, 73, 74, 90, 96 

61, 80, 81, 85, 90, 97 

76, 77, 79, 80, 87, 97 

68, 71, 85, 85, 87, 88 

39, 64, 65, 69, 85, 86 

50, 60, 74, 86, 92, 100, 100 

68, 75, 85, 85, 86, 91, 98 

71, 72, 75, 75, 86, 88, 96 

43, 61, 75, 84, 85, 87, 95 

9, 48, 66, 70, 88, 94 

49, 87, 90, 92, 92, 98 

15, 42, 59, 61, 70 

37, 48, 54, 76, 92 

42, 49, 86, 88, 91, 93 

52, 69, 81, 90, 91, 93 

59, 64, 77, 81, 85, 92 

42, 63, 76, 77, 88 

Mean 

80 

84 

63 

59 

66 

82 

77 

83 

90 

73 

90 

81 

81 

78 

76 

78 

71 

79 

86 

66 

72 

77 

57 

78 

82 

82 

80 

68 

80 

84 

80 

75 

62 

84 

49 

61 

74 

79 

76 

69 

18.5 

Range 

40 

50 

48 

68 

62 

23 

12 

14 

9 

68 

18 

54 

3-

39 

42 

29 

80 

68 

23 

50 

71 

36 

63 

33 

36 

21 

20 

57 

50 

30 

25 

52 

85 

49 

55 

55 

51 

41 

33 

46 



TABLE 5.15 

Range of Scores 

Different Number of words 
Range (%) in this category 

o - 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 0 

o - 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 anyone question, it was decided 

that a more fruitful approach may be to consider each 

factor in turn and then look at questions in which 

each factor may be operating. 

Three factors were considered I 

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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1 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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TABLE 5.16 

.. Identical Questions 

Basic. 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 

Inhabited. The people inhabited the forest. They 

A. lived there 

B. hunted there sometimes 

C. made it a habit to visit there 

D. left 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 

Invert. 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 0 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 10 Which one of the objects shown has a conical shape? 

/;3 (/) ~ e U L1> 
A ,., C. \ P r -Version. 20 Which one of these shapes could be described as conical? 

0 /)) 8> L1> 
A n. c 0 ~ 

Version 30 Which of the following is conical 'in shape? 

0 \J 0 D 0 
A 1\ G- O 

,.. 
u. 

Version 4. Which of the following shapes is conical? 

LJJO \J 0 
R I) c 0 ,; 
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TABLE 5.18 

Comparison of Schools 

Word 
School(s) 

L M N 0 

Third Form 
290 166 

Sample size 
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 
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2 Type of Question Used 

In the information sent out to participating 

centres there are six types of question given as 

examples (see Appendix N) 

A Recognising a Synonym 

B Instance Recognition 

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 ~ 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 

tha t any particular ~ 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 ~o 5.14 can be accounted for by 

variations in schools and question type, these may not 

be the major factors. Other fac~ within the questions 

may be significant contributors. 
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Word Tested 

arid 

coincide 

contribute 

correspond 

detect 

devise 

disperse 

dominant 

evacuate 

include 

fog 

immerse 

incident 

logic 

multiple 

partial 

phenomenon 

primary 

proportion 

spontaneous 

Percentage correct 
taverage t 

TABLE 5.19 

Type of Question 

Type of 

A B C 

71 51 

67 100 

90 

76 

100 

89 

55 

71 80 

63 

88 91 

91 94 

96 46 

91 

72 

97 90 

87 88 

39 69 

74 100 

91 

15 

76 82 
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Question 

D E F 

60 72 

56 69 

90 87 

24 89 84 

72 98 89 

71 66 

79 76 

84 

95 54 

81 

77 

94 75 

74 63 

81 61 

68 85 71 

64 85 

60 86 

85 75 85 

59 42 

72 76 75 



3 Difficulty of the Question 

CA) Connotation I 

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. In 

ather words the first version of the 

question testing 'correspond' is a 

sentence completion type. Tb 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 complexity of the 

thinking is responsible for the gross 

differences in the results. 

Which of the following is a grain? 

A. Peas Year Year Year 

B. Beans 

C. Oats 

D. Turnips 

E. Carrots 

Number of pupils 

Percentage correct 

The class talked about the grain of different 
rocks. They talked about : 

A. the colours 

B. the shapes 

C. where the rocks had Number of pupils 
come from Percentage correct 

D. how big the pieces in 
the rocks were 

E. how old the rocks were 
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1-2 3-4 5-6 

340 278 

85 88 

Year Year Year 

1-2 3-4 5-6 

300 236 39 

49 52 52 



PRIMARY 

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

A. a school for young 
children 

B. a school for older 
children 

C. a new school 

D. a modern school 

Number of pupils 

Percentage correct 

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

A. all colours can be made 
by mixing them 

B. 

C. 

they are used in flags 

they are used in American 
elections 

D. they are only used in 
junior school 

Number of pupils 

Percentage correct 

The question was of primary importance 

A. It was unimportant. 

B. It was extremely 
important. 

C. It was the first 
question asked. 

D. Children were asked the 
question. 

Number of pupils 

Percentage correct 

E. It was an examination question. 

CORRESPOND 

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

A. compete 

B. deflect 

C. dismiss Number of pupils 

D. correspond Percentage correct 

E. contradict 

When a product corresponds with a design 

A. it is made exactly as designed 

B. there are similarities 
between it and the design 

Number of pupils 
c. there are letters 

written about it Percentage correct 

D. it has been badly designed 
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Year Year Year 

1-2 

54 

100 

2-3 

65 

100 

5-6 

Year Year Year 

1-2· 3-4 5-6 

89 

75 

63 

100 

10 

100 

Year Year Year 

1-2 

166 

24 

Year 

1-2 

236 

85 

Year 

1-2 

191 

75 

3-4 

195 

41 

Year 

3-4 

280 

90 

Year 

3-4 

252 

74 

5-6 

119 

55 

Year 

5-6 

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. 

B. The head corresponds to 
the neck. 

C. The stomach corresponds 

Number of pupils 

Percentage correct 

to the mouth and intestines. 

D. The feet correspond to 
the head. 

198 

Year Year Year 

1-2 3-4 5-6 

101 

26 

232 

47 



(B) Context I 

The context in which the word is tested has an 

influence on the percentage correct. 

Consider the examples on 'audible', 

'recoil' and 'spontaneous'. The first 

version of 'audible' connects it with 'buzz' 

Whereas 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 

D. was loud 

E. could not be heard 

Number of pupils 

Percentage correct 

Which of the following is audible? 

A. an oil painti~g 

B. a distant star 

C. a dictionary 

D. a silent film 

E. an explosion 

RECOIL 

Number of pupils 

Percentage correct 

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 
so 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 

aoo 

Year Year Year 

1-2 3-4 5-6 

201 

65 

116 

79 

68 

100 

,Year Year Year 

1-2 3-4 5-6 

758 

39 

Year 

1-2 

177 

88 

Year 

1-2 

176 

27 

747 

62 

Year 

3-4 

122 

98 

Year 

3-4 

132 

46 

352 

90 

Year 

5-6 

Year 

5-6 

54 

78 



SPONTANEOUS 

The explosion was spontaneous. 
This means that it happened: 

A. because of the bomb 

B. suddenly on its own 

C. with a loud bang 

D. with a lot of smoke 

E. inside a building 

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

Number of pupils 

Percentage correct 

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

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

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

D. A fire can start. without 
someone setting the grass 
alight. 

Number of pupils 

Percentage correct 

Year Year Year 

1-2 3-4 5-6 

239 

56 

282 

65 

10 

100 

Year Year Year 

1-2 3-4 5-6 

149 

12 

234 

28 

21 

81 



(c) science Context I 

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'; '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. 



LIBERATE 

The new ruler decided 
to liberate the prisoners. 
He was going to: 

A. educate them 

B. brainwash them 

c. set them free 

D. torture them 

E. starve them 

Hydrogen gas was •••• when 
magnesium was added to 
the acid: 

A. saved 

B. evoked 

C. reprieved 

D. liberated 

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: 

A. levitate 

B. alleviate 

C. elevate 

D. illuminate 

E. liberate 

Number of pupils 

Percentage correct 

Number of pupils 

Percentage correct 

Number of pupils 

Percentage correct 

Year Year Year 

1-2 3-4 5-6 

114 

60 

691 

60 

13 

92 

Year Year Year 

1-2 3-4 5-6 

166 

16 

195 

33 

119 

47 

Year Year Year 

1-2 3-4 5-6 

236 

16 

280 

25 

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 

D. an access of food 

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 

D. put just the right 
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 container 

B. add more water to 
the acid 

C. make sure all the 
acid is used up 

D. make sure some acid 
is left at the end 

Number of pupils 

Percentage correct 

Number of pupils 

Percentage correct 

Number of pupils 

Percentage correct 

Year Year Year 

1-2 3-4 5-6 

758 

64 

Year 

1-2 

386 

50 

724 

83 

Year 

3-4 

257 

75 

349 

97 

Year 

5-6 

29 

100 

Year Year Year 

1-2 3-4 5-6 

233 

37 

390 

57 

207 

70 



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 

D. because of 

When dilute hydrochloric 
acid is added to marble chips 
a gas called carbon dioxide 

Number of pupils 

Percentage correct 

1s produced. Thus hydrochloric 
acid and marble chips are used 
in the •••• of carbon dioxide. 

A. collection 

B. combustion 

C. degradation 

D. liquefaction 

E. preparation 

INFLUENCE 

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

A. affluence 

B. instance 

C. confluence 

D. immanence 

E. influence 

Temperature influences the 
speed of chemical reactions. 

A. affects 

B. does not affect 

C. increases 

D. slows down 

Number of pupils 

Percentage correct 

Number of pupils 

Percentage correct 

Number of pupils 

Percentage correct 

Year Year Year 

1-2 3-4 5-6 

192 

95 

75 

100 

Year Year Year 

1-2 3-4 5-6 

732 

41 

722 

46 

346 

85 

Year Year Year 

1-2 3-4 5-6 

736 

76 

Year 

1-2 

108 

45 

615 328 

90 91 

Year Year 

3-4 5-6 

113 20 

61 100 



(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' 

may be a factor in explaining the gross 

differences between the two versions of the 

'effect' question. The first version also 

has an extra twist in asking for sensible 

* f , , , 



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' 

wa s de scri bed • 

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 simultaneousll. 
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 

1-2 

3-4 

5-6 

A 

41 

39 

o 

Two rockets are fired. 

B 

3 

4 

o 

The explosions are simultaneous. 
This means that the rockets: 

A. missed their target 

B. hit the same target 

C. did a great deal of damage 

D. exploded loudly 

E. exploded at the same time 

C 

1 

1 

o 

* D 

55 

56 

100 

Percentage selecting 

Year 

1-2 

3-4 

5-6 

A 

4 

3 

B 

13 

5 

208 

C 

5 

3 

D 

8 

3 

E 

70 

86 

100 



EMIT 

Certain materials can emit 
radiation. 
Does this mean that materials: 

A. give out radiation 

B. transfer radiation to other countries 

C. take in radiation 

D. connect radiation to another form 

Percentage selecting 

Year 

1-2 

3-4 

5-6 

A 

48 

59 

100 

... 
B 

4 

3 

o 

A lamp which will emit blue light 

A. gives out blue light 

B. cannot give out blue light 

C. uses up blue light 

D. reflects blue light 

C 

45 

35 

o 

D 

3 

3 

o 

Percentage selecting 

Year 

1-2 

3-4 

5-6 

A 

59 

85 

91 

... 
B 

22 

6 

3 

2.09 

C 

7 

4 

3 

D 

12 

5 

3 

E 

E 



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 

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

D. The boy's laziness could effect the 

rest of the group. 

when the temperature 

rest of his career. 

E. The effect of heating water with abunsen burner is that 

Percentage selecting 

Year 

1-2 

3-4 

5-6 

A 

o 
1 

o 

B 

3 

5 

o 

C 

12 

27 

28 

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 

1-2 88 2 7 

3-4 94 1 4 

5-6 98 0 1 

al0 

D 

41 

31 

23 

D 

3 

1 

1 

E 

44 

36 

49 

E 

* 

it boils. 



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? 

A. There was a shortage of splints. 

B. The splints were not suitable. 

c. The supply of splints was just enough. 

D. No splints were available. 

E. There were plenty of splints. 

Percentage selecting 

Year 

1-2 

3-4 

5-6 

A 

23 

13 

o 

B 

6 

3 

o 

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

A. larger than usual 

B. deeper in colour 

C. in plentiful supply 

D. ready for picking earlier 

Percentage 

Year A B 

1-2 13 5 

3-4 4 4 

5-6 0 0 

2.11 

C 

18 

15 

o 

selecting 
It 
C 

66 

85 

100 

D 

9 

8 

o 

D 

16 

7 

* E 

44 

61 

100 

E 



(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. 

am 



EXTERNAL 

Some animals have an external skeleton 

A. hard 

B. soft 

C. inside 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. 

C. They have an invisible 
skeleton. 

D. The skeleton is made of 
bone. 

E. They have a skeleton 
which bends. 

The ••••••• symptoms of illness 
are flushed face, hot forehead, 
swollen glands, sickness and 
fainting. 

A. external 

B. expanded 

C. extended 

D. exported 

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. 

Number of pupils 

Percentage correct 

Number of pupils 

Percentage correct 

Number of pupils 

Percentage correct 

Year Year Year 

1-2 3-4 5-6 

108 113 20 

40 70 100 

Year Year Year 

1-2 3-4 5-6 

326 

32 

278 

50 

Year Year Year 

1-2 3-4 5-6 

51 

78 

84 

96 

15 

100 

Year Year Year 

1-2 3-4 5-6 

205 

91 

135 

99 

75 

100 



LINEAR 

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

A. j( X X 

B. )( X x 
c. )( 

X 
jI( Number of pupils 

D. le X Percentage correct 
)( 

Which one of the following lines is linear? 

A. ~ 
B. 

c. C :> Number of pupils 

D. 0 Percentage correct 

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

n 

o 
y 

214 

Number of pupils 

Percentage correct 

Year Year Year 

1-2 3-4 5-6 

390 135 16 

83 81 87 

Year Year Year 

1-2 3-4 5-6 

388 136 15 

74 80 86 

Year Year Year 

1-2 

135 

41 

3-4 

141 

45 

5-6 



(F) Precision and Discrimination 

The degree of 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 stern), 

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 resul ts. 
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IMMERSE 

If we immerse an object, we have 

A. heated it 

B. measured its length 

c. covered it wi th a liquid 

D. weighed it 

E. rubbed it 

Percentage selecting 

* Year A B C D E 

1-2 7 2 84 1 6 

3-4 1 1 96 1 1 

5-6 0 0 100 0 0 

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

n 

Year 

1-2 

3-4 

5-6 

39 

64 

100 

c 

Percentage selecting 

B 

16 

12 

o 

216 

C 

28 

14 

o 

D 

17 

10 

o 

o 

E 



DIAGNOSE 

The doctor diagnosed the man's illness. 
He: 

A. found out what the illness was 

B. gave him some medicine 

C. looked up the illness in a book 

D. made him better 

E. said he could not cure him 

Percentage selecting 

Year 

1-2 

3-4 

5-6 

* A 

93 

95 

B 

3 

5 

C 

2 

o 

Which sentence used the word diagnosed 
correctly? 

D 

2 

o 

E 

o 
o 

A. The nurse saw what was wrong and diagnosed some medicine. 

B. The doctor examined the patient and diagnosed tonsilitis. 

C. The nurse diagnosed the patient's temperature. 

D. The chemist diagnosed the prescription. 

Year 

1-2 

3-4 

5-6 

A 

33 

29 

9 

Percentage selecting 

* B C D 

23 

56 

77 

20 

7 

7 

24 

8 

7 

E 



(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. In 

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. The distinction between 

"heating" and "burning" or "melting" and 

"dissolving" are elementary examples of this. 

In support of this tentative idea that the most 

difficul t questions are those demanding mes t 

complex thinking or interpretation steps the 

reader is asked to consider the following 

examples of the words 'revise', 'invert', 

'coincide', 'agent', 'appropriate' and 'detect' 

where there are gross differences in the 

percentage correct. 

REVISE 

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

A. complete it 

B. put it into a folder 

C. put it into paragraphs Number of pupils 

D. punctuate Percentage correct 

E. read it again to learn it 

If you revise something you: 

A. write a summary of it 

B. change or alter it 

C. read it quickly Number of pupils 

D. copy it out Percentage correct 

~19 

Year Year 

1-2 3-4 

238 283 

96 94 

Year Year 

1-2 3-4 

316 144 

5 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. lay it on its side 

D. put more sand in it 

To invert an object means: 

A. to turn the object 
upside down 

B. to make an object that 
no-one else has made 

c. to turn the object on 
its side 

D. to decorate the object 

COINCIDE 

Number of pupils 

Percentage correct 

Number of pupils 

Percentage correct 

Which times on the clock coincide? 

C9 Q) A 

e e G 
Number of pupils 

CD (!) C. Percentage correct 

e E) 0 

Two events are found to coincide 

A. The events happened to 
different people. 

B. They occurred at the Number of pupils 
same time. 

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 

1-2 

167 

20 

Year Year 

3-4 5-6 

205 

100 

Year 

3-4 

132 

60 

Year 

3-4 

205 

100 

Year 

3-4 

280 

71 

Year 

3-4 

261 

43 

39 

100 

Year 

5-6 

54 

87 

Year 

5-6 

93 

100 

Year 

5-6 

14 

93 

Year 

5-6 

101 

58 
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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. is changed itself 

B. stops a change 

c. is 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. 

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

D. I appropriate:the work 
done by Rutherford. 

Number of pupils 

Percentage correct 

2'31 

Year 

1-2 

115 

98 

Year 

1-2 

236 

48 

Year 

1-2 

201 

80 

Year 

1-2 

135 

27 

Year Year 

3-4 5-6 

668 

96 

Year Year 

3-4 5-6 

280 14 

61 100 

Year Year 

3-4 5-6 

116 

85 

68 

97 

Year Year 

3-4 5-6 

141 

38 



DETECT 

Jim said he could hear a noise. 
The otherehildren said they could 
not hear it. 
Jim could 

A. affect the noise Year Year Year 

B. inspect the noise 1-2 3-4 5-6 

C. reject the noise Number of pupils 159 199 44 

D. detect the noise Percentage correct 95 98 97 

E. contact the noise 

If I detect something I will 

A. find it out Year Year Year 

B. write it down 1-2 3-4 5-6 

C. throw it away Number of pupils 236 280 14 

D. leave it behind Percentage correct 90 91 100 

E. cancel it out 

The use of a flame allows hydrogen 
gas to be 

A. displaced Year Year Year 

B. distorted 1-2 3-4 5-6 

C. decomposed Number of pupils 114 654 29 

D. detected Percentage correct 40 47 79 

E. dehydrated 
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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 

(section 5.7 3E). 



Cc) 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. 
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CHAPTER 6 

Conclusions and Recommendations 

6.1 The influence of language on performance in 

matched pairs of multiPle choice guestions 

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 a 

(a) that ability to respond correctly to multiple 

choice chemistry questions is associated 

strongly with measured verbal ability. 

Cb) 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). 



In addition to these personal factors, 

performance in multiple choice chemistry questions 

seems to be influenced by .-

1 Words I 

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 

perforrnanc e,' 

In addition to the key words, the other 

words in the question may also have an influence 

on performance 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. 
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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 

question 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 language from 

individual multiple choice questions 

From the Scottish Experiment these tentative 

conclusions are suggested I 

Ca) Technical vocabulary that is introduced early 

in the secondary school may not be recalled 

by 0 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. 

(d) 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 I 

(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. 

(d) 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). 



Example 1 

9. Which of the following statements is true for 

the four carbonates? 

sodium carbonate 

silver carbonate 

lead carbonate 

magnesium carbonate 

*A 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 tlEy 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 I 

*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 
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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 I Co Key D 

Syllabus section 12 Percentage Correct I 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 I Co Key C 

Syllabus section 12 Percentage Correct I 53% 

If magnesium is placed in iron (Ill) 

chloride solution then 

A magnesium is oxidised and the chloride ion 

reduced. 

230 



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 Band 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 ~~Sl 

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. 

2/3 Expressions of quantity or orderfNeqatives 

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 

terms like 'more' or 'less'. The difficulty 

with negatives seems to confirm the finding of 

various works (126)(127)(128)(129) that negatives 
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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. 

4 Bits of Information I 

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 
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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 multiple 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 I 

(a) the language of the question is being 

processed, i.e. words, expressions, and 

bits of information are moving into the 

memory units 

(b) language could be being used for the 

processing, e.g. advance organisers 

(109), cogni ti ve 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 Ca) 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 I 

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 I 

Context I 

Confusion I 

when appropriate discuss the various 

connotations of a word 

explain words in context. The word 

used in a technical sense should be 

linked with, or distinguished from 

its more general use. 

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 I 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 connected 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 I In text books include. glossaries 

of all technical terms and non-technical terms 

where they differ from normal usage. 

2 To examiners I Avoid negative expressions 
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appearing in both the stem and the responses of 

multiple choice questions 

3 To teachers a Avoid compres~ formal language 

when introducing new ideas 

4 To all three groups I 

(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 tie 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 I February '80 

Strathclyde Science Teachers I May '79 

and June '79 

west Midland Science Teachers I July '79 

National Course Language across the 

Curriculum (Aberdeen) I September '79 
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scottish Remedial Teachers Conference I 

October '79 

Scottish Religious Education Conference I 

May '80 

strathclyde Management for Senior Promoted 

Staff in Secondary School I 

January '80, June '80. 

2 A number of sources have asked for articles 

to be written. The following have been 

published I 

J.R.T. Cassels and A.H. Johnstone I Language 

in Chemistry I Bulletin of the Scottish 

Centre for Maths, Science and Technical 

Education II • 1977. p19-24 

J.R.T. Cassels and A.H. Johnstone I 

Language in Chemistry I Report of Education 

Division Conference I Research for the 

Classroom and Beyond I p48-54 

The Chemical Society I London I July 1977 

J.R.T. Cassels and A.H. Johnstone I 

What's in a Word? • New Scientist 

18th May 1978 p 432-434 

J.R.T. Cassels and A.H. Johnstone I 

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. 

3 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 units. Introduction; Talking to learn; 

Listening and understanding; Teacher and pupil 

talk; Reading and learning; Writing and 

learning. 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 

242 



become actively engaged in the suggested 

activities and get involved in a professional 

exchange of ideas with their colleagues. 

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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LJ\NuU}HJ~ .LN I\pptmu.L X 1\ 

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 0 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 
male or F if you are 
female. 

c;3::>~3::rC Pc3?C3~C 3 

.~. C4;C4~C 4 :'c4 ::>C4?~4 . . 
C}:Jc5?~ 5?'~5-?CS?c~ 

Instructions 

• QUEST ION 

B?cEi?CB?CB:::>CB::>C~C8:::>c:8:tC:B:J'C8 
, _ -i', '. -' . • ~ ,. 

c:>c c:> CC':J c C:::> C:C:::> c C:::> c C? CC:::> c C:::> c C 
'. ." . -' I'" 
D~C,O?C~C:~:::>~D~C~?~D:::>~~?C~ fCD 
E?cE?cE?c:E:::>CE:::>cE:::>CE?cE? c E?,CE 

QUESTION NUMSER-"l" 

16 17 ' 18 ' 19 - 20 21 22 23 28 
CA?cA:::>CA?cA:::>~cA:::>CA?CA:::>CA:::> 

" , ,". " 
C8?CB?CS:::>CB:::>cfPc B:::>CB?C8?CB:::>tC ~ 

c:::>cC:>C;C~Cc :::>~c:::>c C:::>Cc~c~c9.;:)tc 
O:::>cO:::>CD:::>cD?C[).?'cD:::>cD:::>cO:::>CO? t 

Your Father or Guardian's Occupation 

4. Only one oval should be shaded in anyone 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 1n 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) an answer card. 

If your number is odd you should have 

Check this. 

(i) the Yellow 0 Test and 
(ii) an answer card. 

3. Fill in the answer card in pencil as instructed. 

4. 

5. 

Column for school number 

Year number 
Please put the 
colour of the 

Please put M if 
you are male or 
F 1f you are 

number test PINK or YELLOW. female. 

QUESTION NU\1BER 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1"\ .... .... 1"\ 1"\ .... v. QUESTIO~ NUMBER 
~4~~~j. 

v 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 49 50 

S S ~ ~ S 8 8 3 6 6 3 3 8 6 3 t 6 3 ~ 6 6 6 ~ 3 
8 ~ 8 8 8 8 g ~ g g g ~ g ~ g ~ ~ ~ g g 8 g t g 

.... .... .... .... ~ 0 .... .... .... .... .... n n n n n .... n 2 2 2 2 2 2 5 5 5 5 G 0 G 6 5 6 6 G G 6 G 66& 
~ n 1"\ n n n a i 9 9 ~ 9 9 g 9 9 S S Q 9 Q ~ 
g 6 6 6 & & ~ v v v v v v v v V v V ~ V V v 

~ ~ ~ ~ g ~ ~ g g ~ g ~ ~ s g ~ ~ g ~ ~ g ~ 

CA.RO 

FilL IN B:)XES L1I(E TH: ~ 

ERRORS MUST BE ERASE 

I 

5. DO NOT BE'JO THIS CARD 

6 WRITE DETAilS BELOW 

NAME •• ________________ _ 

Your Father or Guardian's Occupation. 

Only one oval should be shaded in anyone column. If you want to 
change your answer rub out the shading with an ordinary rubber and 
shade another oval instead. 

Tackle all the questions in the test and mark your ansers in pencil 
with firm shading - using an HB pencil if possible. Please shade 
in the oval completely. 
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UNIVERSITY OF GL~SGo;l - SCIEXC2 8DUC.~TIOH GROUP 

LANG UAGE Hr CHEIHST!1Y 

Y ELL 0 W '0 ' T 8 .3 T (3) 

1. \fnen mea. t is boiled for too long, it d':'s in te&:'re. tes . 
It : 

A. changes colour . 
B. breaks into s~all pieces . 
C. dries out . 
D. disappears . 

2. One half of some~hing written as a ne rcentaEe is : 

, 
The ;. 

The 
the 
The 

\ 1 _ .. 2 ' 
B. 5/10. 
C. 50 . 
D. 0 . 5. 

doctor saw a man with a disease tha.t had never been seen before . 
doctor thought that the disease ~ight have been caused by the food 
man had eaten . 
doctor ' s idea could be called 

B. 
C. 
D. 

Cl fac t . 
an o'oserV!l tion . 
a result . 
a theory . 

4. ilhich of tne folloi>/ir..g groups 0:' objects has the :;lost di-;grsit;r? 

.--.~ 

0 I , 

0 6 O. .t"" • • !..-J 

B. Cl 6- o i 1 . 
C. 0 0 I 1 0 6 6. . 

D. 6- !::. 6 6 6. 6- 1'. t . 

Some studs:1ts ere st'ldying the f-"':"''1da'''e:1tel la'.':s 0: pi':.ysics . 
:rnat dOes fQ'1dn~en~al w~an? 

~ . Modern and ne~ly discc7ered . 
~ . Dif~ic·.ll t :::.nd ~p..rd to tL."1d.ers ta.!::l. . 
C. ~asily e~plainad . 
J . ~ost important. 

.. '1. . - .... -~ 1.. ............. . 

.::l . quickl:~ . 

. ~...- . 
::: - . -. 
" v . --
...I . 

'.: .:.:".;..: 



- 2 -

8, When a solid is dissolved in ~ liquid , t~at solid is culled 

A. the solution . 
B. the residue . 
C. the solute . 
D. the solvent . 

9, Hhich one of the follOi-ring requires £l liquid other than .... ·ater to 
dissolve it ? 

A. Sult . 
B. Sugar . 
C. Sodiuo nitr~te . 

D. Sulphur . 

0, Elements in the same column of the Periocic Table have the same number of 

1~ . protons . 
B. electron shells . 
C. neutrons . 
D. outer electrons . 

vfuich one of the folloNing is u choking gas ? 

h. Ca rbon dioxide , 
B. Nitrogen . 
C. Sulphur dioxide . 
D. i1e th~ne . 

I 
I , ~men e concentrated aqueous sol~tion of sodium brooide is electrolysed , 

the product at the positive electr cda is 

A. bromine . 
B. hy-droger.. . 
C. ozygen. 
D. sodiUr:l . 

I, ~'lhich one of the follo'n'ing sulphides is easies t to breck dO'tffi to its 
elerr.ents? 

A. Leed sulphide. 
B. Sodiuo sulphide. 
C. C£llci~ 3ul~~ide . 
D. Zinc sulphi~ e . 

1:. melted coopound conducts electricity ':lLl t ';Then solid does no~ conduct . 
This suggests the bondi~o i~ :~e c c~p ~~d is 

A 
.>. • 

:2 . 
C. 
D. 

covalent . 
polar cove.len: . 
:uetallic , 
ionic . 

To tell the dif:er~~ce 

\ .. . -"'- :l """ ""~ .... __ . 
~ . a ~arge CCll0~~ . 

C. n glo~i~g -;:!~; . 

D. br':!:lin.; ·tl~~~:- f 
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16 .. llhich clement would form the same number of bonds as nitrogen? 

A. Hydrogen . 
B. Beryllium. 
c ~ Boron. 
D. Oxygen. 

17. W, X, Y and Z are four elements in order, one after the other, in the 
Periodic Table . Y is a noble gas . -Uhich formula is likely to be correct? 

A. \"lX . 

B. Z2IV• , 

C. Z2X• 
D. ZW2• 

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

13X 
7 

15
X 

7 
16

X 
7 

ThFl Alectronic configuro.tion of the element is 

A. 2 , 4 . 
B. 2,5 . 
C. 2 ,6. 
D. 2 , 7 . 

19. An isotope of aluminium hns an atomic number of 13 and a mass number of 27 . 
An atom of this isotop~ will contain 

A. 14 protons nnd 13 neutrons . 
B. 13 protons and 14 neutrons . 
C. 14 protons and 13 electrons . 
D. 13 protons and 14 electrons . 

20. Some atoms of an element are heavier than other atoms of the same element . 
This is because they have different numbers of 

neutrons . 
B. nuclei . 
C. pro~l)ns . 

D. electrons . 

21 . vlhich of the follovlirus statements is true of sea water? 

A. It h::!.s 0. lower electrical conductivity than tap i-T£l. ter . 
B. It contains n0 dissolved gold salts . 
C. There are no ions present. . 
D. It freezes below OoC . 

22 . lVhich of these statements is correct? The elements of column 4 of the 
Periodic Table 

A. are all met~ls . 

B. dc not form dio~ides . 

C. 0.11 form the same n'l.lIL'c-,~r of bonds. 
D. dissolve readily in wa~~ 
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23 . A sample of copper (II) sulphate containing copper (rr) oxide ,.,as pmrdered 
and mixed with a large volume of water . The ~ixture wes then filtered . 
vfuich one of the following statements is true? 

A. The copper (11) oxide would dissolve in the wnter. 
B. The copper (rr) sulphate "lOuld be left on the filter paper. 
C. One compound dissolves in the wa ter and the other does not . 
D. The filtrate would be colourless . 

24 . Three metals Z, T and Y "rere added to sepnru. te solutions containing 
metal X ions. Z precipi ta tes X; T had no effect; and with Y a gas "ras 
given off from the solution. , 
vfuich one shows the metals in the correct order of activity (the most 
r eactive first)? 

A. Y Z X T. 
B. Y X T Z. 
C. Z X T Y. 
D. T X Y Z. 

25 . VThy are the atomic \'Teights of naturally occurring elements not whole numbers? 

A. Th~ 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 . 

26 . If X is the symbol for an e l ement , which position is used for the atomic 
nU!!lber? 

B 
X 

D C 

27. 40 2+ and 20Ca have the same number of 

A. protons . 
B. electrons. 
C. charges . 
D. neutrons. 

28. Calcium is a met~l which burns in oxygen to form an oxide which when added 
to water gives n solution whose pH value is 

A. between 2 and 5. 
B. between 5 and 7. 
C. 7. 
D. above 7. 
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1. When meat is boiled for too long, it disintearetes. 
It: 

A. changes colour. 
B. breaks into small pieces. 
C. dries out. 
D. disappe!J.rs. 

2. One half of sooething written as a percent~2~ is: 

A. t. 
B. 5/10. 
C. 50. 
D. 0.5. 

3. The doctor saw a man with a disease that had never been seen befor€. 
The doctor thought that the disease eight h!J.ve been caused by the'food the 
man had eaten. 
The doctor's idea could be called 

.i. a fact. 
B. an observation. 
C. a result. 
D. a theory. 

4. Which of the following groups of objects has the most diversity? 

A. 0 0 0 ~ O. 

B. c::J t::. 0 c:J. 

C. 0 0 Dot::. t::.. 

D t::. t::. t::. t::. t::. t::. t::. t::.. 

5. Sooe st'.l.dents ere studying the fu.l1d~::1ent~l laws of physics. 
wbat does fu.11daoental mean? 

A. Nodern and newly discovered. 
E. Difficult and herd to understand. 
C. Easily explained. 
D. Most impo~ta~t. 

" . ~ 

6. If two things h~p~en si~~lt~n~ouslv, they happen 

A. et the saoe time. 
B. quickly. 
C. one after the other. 
D. once e. year.' 

7. \·,rhich of the following could ha7e the highest p!'~b<:.bili ty? 

.1 
.L-:'. 

B. 
C. •., -,.cT"I· ... n h~s si:~ child.ren, a1'_ " .. om +o·.,.et .... "'r .. - • 0 ..... • 

D. ..'" WE.!" .. grCi'lS to a height ef 7 feet. 

2.50 
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8. iYhen a solid is dissolved in a liquid, that solid is c.:llled 

A. the solution. 
B. the residue. 
C. the solute. 
D. the solvent. 

9. Which one of the following requires a non-aqueous solvent to dissolve it? 

A. Salt. 
B. Sugar. 
C. Sodiuo nitrate. 
D. Sulphur. 

o. Ele~ents in the sane group of the Periodic Table have the same nuober of 

J... protons. 
B. electr on shells. 
C. neutrons. 
D. outer electrons. 

I, ~~ich one of the fo110wL~g is a pungent gas? 

A. Carbon dioxide. 
B. ~Ti trogen. 
C. Sulphur dioxide. 
D. Methane. 

2. Imen a concentrated aqueous solution of sodium brooide is electrolysed, 
the product at the anode is 

~. bromine. 
B. hydrogen. 
C. oxygen. 
D. sodiuo. 

3. iYhich is the least stable sulpnide cmong the following? 

A. Lead sulphide. 
B. Sodi~ sulphide. 
C. C~lci~ sulphide. 
D. Zinc sulphide. 

~. A fused coopo~~d conducts electricity but when solid does not conduct. 
fhis suggests the bonding in the compo~~d is 

i '. 

A. covalent. 
B. polar covalent. 
C. metallic. 
D. ionic. 

To distinguish be~ween nitrogen and heli~ you could use: 

A. a burning t~per. 
B. a lerge balloon. 
C. a glowing spli~t. 
~. trc:i~e w~t~=. 
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16. The v3lency of nitrogen is the same as .that of 

lL. hydrogen. 
B. beryllium. 
C. boron. 
D. oxygen. 

17. W, X, Y and 2 are four consecutive elements in the Periodic Table. Y is a 
noble gas. lJhich formula is likely to be correct? 

A. vJX. 
B. 2

2
10[ • 

C. Z2X• 
D. Z~'l2' 

18. A sample of element X contains the follOiving types. of ~tom: 

16
X T 

The electronic configuration of the element is 

A. 2,4. 
B. 2,5. 
C. 2,6. 
D. 2,7. 

19. An isotop~ of aluminium hes an atomic nucber of 13 and a mass number of 27 • 
.till atom of this isotope will contain 

.A. 14 protons ·:md 13 neutrons. 
B. 13 protons and 14 neutrons. 
C. 14 protons and 13 electrons. 
D. 13 protons and 14 electrons. 

· (0. Some ntoms of an element are heavier than other atoms of the same element. 
This is becnuse they hnve different numbers of 

• ~ .. 
B. 
C. 
D. 

neutrons. 
nuclei. 
protons. 
electrons. 

Which of the following stntements is not true of sea water? 

A. It has a higher electrical conductivity than b.p water. 
B. It contains dissolved gold salts. 
C. It contains ~ variety of positive ions and neg~tive ions. 
D. It freezes at OoC. . 

iihich of these statements is inccrrect? The elements ef colur~ 4 of the 
Periodic Tc:ble 

L. 011 form the sa~e n~ber of bonds. 
B. all form dioxides. 
C. are all metals. 
D. do not dissolve readily in water. 

(a5~ 
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23. A sample of copper (11) sulphate containing copper (11) oxide was powdered 
and mixed with a l~rge volume of water. The mixture was then filtered. 
vlliich one of the following statements is not true? 

A. 
B. 
C. 
D. 

The copper (11) sulphate would dissolve in the water. 
The copper (11) oxide would be left in the filter paper. 
Both compounds would be left on the filter p~per. 
The filtrate would be a blue soluticn~ . 

24. When a metal Z was added to the sulphate of a metal X, the metal X was 
precipi tated and there W:lS no effervescence. l'lhen the test WllS repeated 
using the metal T in place of Z no reaction occurred. tJhen a metal Y was 
added to a solution of the sulphate of X, a brisk effervescence o~curred. 
Which one of the following is the correct order of decreasing activity 
(i.e. the most reactive first) of the four metals? 

A. Y Z X T. 
B. Y X T Z. 
C. Z X T Y 
D. T X Y Z. 

25. Which of the following is the best explanation of the fact that the atonic 
weights of most of the naturally occurring elements are not whole nunbers? 

A. The number of protons and neutrons in each element varies. 
B. Raturally occurring elements are mixtures of isotopes. 
C. Chemical methods of atomic weight determination are innccurate. 
D. It is difficult to isolate the elements in the pure state. 

26. Around the sy~bol for un element there are four pOSitions where further 
inforoation may be given. vlliich of these 'positions is used to indicate 
the atomic n~ber? 

A. Top left. 
B. Top right. 
C. Bottom right. 
D. Bottom left. 

27. Which statement is true about the ions ~~Cl- and ~gca2+ ? 

A. Their atoms contain the sace nunber of protons. 
B. They contain the same number of electrons. 
C. They will combine with the some n~~ber of F- ions. 
D. They contain the same number of neutrons. 

28. What would be the pH of the solution formed when calci~ oxide dissolves 
in water? 

A. Between 2 and 5. 
B. Between 5 end 7. 
C. 7. 

-D. libove 7. 

. (253 
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1. Which one of the following compounds is predominantly covalent? 

A. Potassium bromide. 
B. Carbon tetrachloride. 
C. Silver iodide. 
D. Aluminium chloride. 

2. Which one of the following solutions would conduct electricity appreciably? 

A. A glucose solution. 
B. A salt solution. 
C. A sugar solution. 
D. A starch solution. 

3. i:/hen calcium is added to water which of the following are produced? 

A. An acid and oxygen. 
B. An acid and hydrogen. 
C. An alkali and cxygen. 
D. An alkali and hy1rogen. 

4. An unknown metal X was found to be more reactive than sodium. Predict which 
one of the following 1s 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 fro~ its oxide by reduction with carbon. 

5. 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? 

A. Sulphur. 
D. Hydrogen chloride. 
C. Potassium bromide. 
D. Carbon tetrachloride. 

6. What is the product at the positive electrode when a concentrated aqueous 
solution of potassium iodide is electrolysed? 

A. Hydrogen. 
B. Oxygen. 
C. Potassium. 
D. Iodine. 

7. A sample of element X contains the following types of atom~ 

The electronic configuration of the element is 

A. 2,4. 
B. 2,5. 
C. 2,6. 
D. 2,7. 

254 



- 2 -

8. An isotope of aluminium has an atomic number of 13 and El 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. 

9. Some stoms 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 

11 • Crude 

A. in which 19 of the sUbstance is dissolved. 
B. which is made by dissolving the substance in boiling water. 
C. in which no more of the substanc0 will dissolve at a given 

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

tempera ture. 

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: 

A. solute. 
B. soluble. 
C. solution. 
D. solvent. 

13. '.lhat do we call the change l'l'hen water turns into a gas? 

A. Freezing. 
B. Condensing. 
C. Evaporation. 
D. Melting. 

14. Which of these is an emulsion? 

A. Bleach. 
B. Ink. 
C. Sugar dissolved in water. 
D. Milk. 

\ 

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

15. If you were asked to explain the meaning of the word ELEr~NT which ~ 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 atomic 

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

of protons in the nucleus. 

ass 
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16. If you were asked to explain the meaning of the word ISOTOPES which OI~ 
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 ot 
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 wordsATOIUC l1ASS which .Q!ill 
of the following s~atements 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 ~~ss of an element is the average mass of one atom of 
an element on a scale where the carbon 12 isotope1~C has a mass of 
12.00000a.m.u. 

C. The Atomic Mass of an element is the average mass of nn 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 proportion. 

18. If you were asked to explain the meaning of the words MASS NIDmER 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 ~~ss 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 isotope. 

19. If you were asked to explain the meaning of the wordsATOHIC NUMBER whir.h 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 ONE answer which you prefer to use. 

20. The energy is --- as light. 

A. discharged. 
B. released. 
C. emitted. 
D. given out. 

21. ~le have already --- charged a toms. 

A. met. 
B. come across. 
C. encountered. 
D. confronted. 

22. Atoms cannot lose electrons easily because this pulling a negative 
particle (the electron) aw~y from the attraction of the positive nucleus. 

A. means. 
B. involves. 
C. entails. 
D. signifies. 

In electrovalent compounds each ---- ion is attracted to all its neighbours. 

A. no word is needed. 
B. individual. 
C. separate. 
D. constituent. 

24. Does this ------ anything about the colour of the dichromate ions? 

A. suggest. 
B. signify. 
C. tell us. 
D. indicate. 

One of the main(~~;ferences which we found bet~'1een (25) and compounds was the 
fact that the of the components in n mixture could be varied while the 

(27) of a (28) were in a fixed proportion, 

25. A. mixtures. 
B. components. 
C. proportion!!. 

26. A. compounds. 
B. mixtures. 
C. proportions • 

27. A. proportions. 
B. components. 
C. compounds. 

28. A. compound. 
B. mixture. 
C. component. 

Thank you for your help, 257 
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1. In which one of the following compounds dOb ~ covalency predominate? 

A. Potassium bromide . 
B. Carbon tetrachloride . 
C. Silver iodide . 
D. Aluminium chloride . 

2. 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. 

3. When calcium is added to water ~hich of the following are the products? 

A. An acid and oxygen. 
B. An acid and hydrogen. 
C. An alkali and oxygen. 
D. an alkali nnd hydrogen . 

4. An unknown metal X was found to be mor0 reactive than sodium. \'Ihich one of 
the following predictions is most likely to be correct? 

A. It ''Till oxidise readily in air. 
B. It should be stored under water. 
C. Its compounds will be unstable . 
D. It "rill be obtained from its oxide by reduction with carbon. 

5. Vfuich one of the following does not conduct electricity when it is a solid 
but does conduct electricity when it is a l ~quid? 

A. Sulphur . 
B. Hydrogen chloride . 
C. Potassium bromide . 
D. Carbon tetrachloride . 

6. Vfuen a concentrated aqueous solution of potassium iodide is electrolysed the 
product at the positive electrode is! 

A. hydrogen. 
B. oxygen. 
C. potassiUIJ. 
D. iodine . 

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

The electronic configuration of the element is 

A. 2 , 4. 
B. 2, 5. 
c. 2, 6. 
D. 2,7. 
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8. An isotope of aluminium h!ls an a tomic numb€'~:' of 13 and a mass number of 27. 
An atom of this isotope will cont~in 

A. 14 protons and 13 neutrons. 
B. 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. When a gas dissolves in a liquid, the mixture of the gas and the liquid is 
called a: 

A. bubble. 
B. solute. 
C. solution. 
D. solvent. 

11. When making water fit to drink, mud is removed from pond water by: 

A. chlorination. 
B. distillation. 
C. fil tra tion. 
D. precipitation. 

12. ~lhen a solid dissolves in a liquid, the solid. part is called: 

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

13. Which one of the following is a non aqueous solvent? 

A. ~Iater. 
B. Starch. 
C. Petrol. 
D. None of these. 

14. Particles in a colloid: 

A. can be seen without a microscope. 
B. will not go through filter p~per. 
C. settle to the bottom of their container in time. 
D. can reflect light and make a beam. 

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

15. If you were asked to explain the meaning of the word ELEMENT which ~ 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 atomic 

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 numbArs 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 words ATOMIC l1ASS which.Ql:.l]l 
of the following statements would you prefer to use? 

A. The Atomic r~ss 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 r~ss of an element is the average mass of the isotopes 
of the element in their proportio;l. 

18. If you were asked to explain the meaning of the words MASS mr,mER which .Qillil 
of the following statements would you prefer to use? 

A. The total number of protons and neutrons in an a tom 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 isotope. 

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 nnswer that is correct. I would like you 
to choose the o~re answer which you would prefer to use. 

\/e learned that the nucleus of en atom is --- in the heart of the atom. 

A. found. 
B. concentrated. 
C. focussed. 
D. situated. 

21. 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. 

22. 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. 

In electrovalent compounds each ------- ion is attracted to all its neighbours. 

A. no word is needed. 
B. individual. 
C. separate. 
D. constituent. 

Different colours ----- to different amounts of energy. 

A. accord. 
B. relate. 
C. moan. 
D. correspond. 

(25) 
One of the main(di5ferences which we found between and compounds was the 
fact that the 26 of the components in a mixture could be varied while the 

(27) of a (28) were in a fixed proportion. 

25. A. mixtures. 
B. components. 
C. proportions. 

26. A. compounds. 
B. mixtures. 
C. proportions. 

A. proportions • 
B. components. 
C. compounds. 

28. A. compound. 
B. mixture. 
C. component. 

Thank you for your help. 
261 
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In each of these questions choose t he substance t hat is a conpound 

Ansuers 
Question 

A B C D 

1 • Rust Air Lead Tin 

2. Iron Hilk Su+phur Salt 

3. Copper Ice Silver Sulphur 

4. 1'illich of the substances in t he di{lgruL1. belm·; could be culled the filtrate? 
~", -~.,~ 
.. ", ... , 

'. ,,' ,.-.. _-.... / 

\:./ :~-~ .. ~;.~L ~ .. _-.. ·-·- .-- H '\ ./ / ''!~... ...~?V --.---- r; .. - --;-' , . - ~L _.. , ~ 
1" l -. . . --........._. ' "- - . - , ~ 
.. } : '--' 

I i ! 
i ~ .'::::: ' _'~j_ .---- . .-. ,~. r) 

5. CalciuN oxide dissolves in ,'later . '.Phis solution would have a pH of 

6. 1!hich one of 
concentrated? 

A 
B 
C 
D 

A 1. 
B between 2 and 7. 
C 7 . 
D betueen 8 and 14. 

the follOi'Ting solutions of a salt 

11 g of sult diGsolved in 150r.? 
9g of salt dissolved in 100[13 
7g of salt dissolved in 15c[13 

5g of salt dissolved in 10cn3 

in w'ater is the least 

of ,'rater . 
of w!ter . 
of ~ra ter . 
of llater. 

7 . 1Tnich beaker of 'vu ter and s pc.,'i;ula of salt w'ould make the mos t dilute 
solution \'Then I1ixed? 

". ';.i. :y 

~( 
1--=-1 " J . f b--, 
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8. Copper W~1ell heated in air tU~lli3 blacl~. Copper he.1. ted in the <:i,'!Jsence of air 
does not turn black. lfuich one of the follouil"lB' statol'1onts is true about 
copper? 

llhen heated: A in the absence of air it loses weiGht. 
B in nir it sta~rs the snne ll'eiGht. 
C in the arsence of air it stays the same lleight. 
D in the a1 lonce of air it cains ,'reicht. 

9. A brass contains 75 per ce:i1t cc ?per, 22 per cent zinc, 2 :per cent altUiliniUI!l 
and 1 per cent lo~d. 

1nwt is the nost abundant ~le~uent in this brass?" 

A Al u:nini ID • 

B Copper. 
e Lead. 
D Zinc., 

10. To tell ethane and propanol a.part, just by looking at then, you lfould have 
to know that 

A tile molecules of pro)anol are larger than those of 
ethene. 

B ethane noleculcs contain a double bond lfhereas 
propanol nolecules do not. 

e ethene is a gas and :nropanol is a liquid. 
D propanol io an alcohol and ethane is not. 

11. A sa~1ple of clement X coatains the follol·rillg types of aton: 

The electronic configuracion of the clenent is 

A 2,4. 
B 2,5. 
e 2,6. 
D 2,7. 

12". An isotope of aluniniULl has an atomic number of 13 and a tlaSs nUMber of 27. 
An. atom of this isotope iTill conta.in 

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 elel'len"C are heavier than other atons of the sane element. 
This is beca:u.se they have different nULluers of 

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

14. rlhich one of the follouil'lG pairs of particles llould contain equal nUl'lbers of 
protons? 

A Ha und Na +. 
B lTa+ and ne. 
C Cl- and Ar. 
D ~ and ea2+. 
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15. lnlich one of the follO'tdng particles hus the S[lJae mmber of electrons as a 
cc..lcium ion? 

A A potc.ssi~ ato~. 
B A potassiun ion. 
C A nngnesium ion. 
D A chlorine atone 

16. l1hich statcIJeYlt is .!1£i true? 

A The proton does not have the snne nass as an electron. 
B The hydrocen !lolecule contains h'o a tOI:lS. 
C Isotopes of chlorine do not hnve different nUl':lbers 

of protons in their atons. 
D The elenent ui th Atonic lrunber 13 is n non oetal. 

17. In ,.hich of the follOlring eleocnts do r.lOst of the ntons contain equal numbers 
of protons and ncutrollS? 

A Fluorine. 
B O:=ycen• 
C C~lorine. 
D HydrOGen. 

18. A compound with the generul fornuln 'X:'I3 ,.ould be lil:ely to be fomed from llhich 
of the follouing Ilairs of eleoents? 

A Phosphorus n:ld hydrogen. 
B E:,rdrogen and sul},)lmr. 
C Sulphur nnd chlorine. 
D Chlorine :.md cnrDOil. 

19. Atons of X have two clectroi1:J i.1 the outer shell. 

20. 

Atof.'1S of Y have soven electro:lS in t:1.e outer shell. 
Atoms of X r.nd Y cO:'1bine. 
m'deh one of the follo,;rill~ stutonents is true? 

A The cou:)ounC', forned 1ms the foroula XY2• 
B X+ ions are fOri"led. 
C y2- i01W are forJed. 
D The conpotUlcl forned is covalent. 

mlich of the folloH'ing COT.lpounds ha.s 0. forr.lula of the 'bJpc X2Y where both ions 
have the sane electronic arrancewent as arGon (2,8,8) ? 

A Potassiun sulp~ide. 
B Co.lciu.Tl chloride. 
C Sodiu.~ fluoride. 
D Potassiun oxide. 

21. An nnalysiD of 243' of anti!!lo:lY oxide sho~led tl:a.t 203' i"l'ero antir:.lony and 40 l'rere 
oxygea. Knouinc thc'lt the atonic 'Tei~ht of antLl01W ll'.:l.S 120 and that of o~ygen 
lTllS 16, 1'1hich of the fOl1Oldng fornulae , .. ould correctly represent ll.l1tioony oxide? 

1l. SbO. 
B Sb02. 
C S~03. 
D Sb20:3' 
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22. A solution of a salt is electrolysed. At the neGative electrode a brown 
deposit foms and nt the positive electrode n ye1louish green ens is evolved. 
inlich of the follolTing could have been the so.l t? 

.l'.. Pob,ssiur.l bronitle. 
B Lead chloride. 
C Co~per chloride. 
D Ca1ciun iodide. 

23. 1fuich one of these conpounds is covalent? 

A Calciun fluoride. 
B Sulphur chloride. 
C Sodium bronide. 
D PotassiUfl iodide. 

24. To mke c.n exactly 0.1 !Io1ar solution of sodi~ chloride (fornuln ueieht = 58.5) 
whnt would you do? 

A Dissolve 5.35e of sodium chloride in 100nl of uater. 
B Dissolve 5.85g of sodiurl chloride in l,mter and r:ru::e 

up with water to 1 litre of solution. 
C .t~dd 100nl of II Iilolar solution of sodiun chloride to 

1 litre of wnter. 
D Add 5.85g of sodiurl chloride to 1 litre of lTater and 

shal~e lL't1til dissolved. 

25. In 1'111ich one of the folloning' are the netals arranced in decreasine order of 
activity? 

A Iron, calciuw, sodiun. 
D Colciur.1, Leon, fJoc.itm. 
C Iron, sodiun, cnlciurJ. 
D SodiuD, calcium, iron. 

~,-.--" .... , 

__ m_:T_l~_L_P __ ;/'" "@"('V'):\ 
~lET FIL'rER P: .. PER - - - - u "'- ' liETAL Q " ,./ --------' 

26. 11hich pair of I!leto.ls would cive the low'est reading on the voltmeter? 

• ~ .. 
B 
C 
D 

lmT!l.L P 

Zinc 
rbgnesiun 
Iron 
Lead 

I~TAL Q 

Cop1'er 
Silver 
Tin 
P1atinurJ 

27. Carbon reduces iron(II) oxide l?t high ter.lperaturo but does not reduce magnesium 
oxide. l111ich of the follouine state:-lcnts is a correct deduction from these 
fElcta? 

A !b~nesiurl ions Elccept electrons less easily than do 
iron(II) iOllS. 

13 Iron is ll. ;]ore active netel thea mCnesiun. 
C Oxides of nctals are stable cOilllJ0u,'1ds. 
D Iron(II) oxide forLw iron(II) cnrbon~te with hot carbon. 
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tlhich pc.ir of cOD!'oUnQS would bot!! deconpose uhen heated sepnr.'ltely ~1ith a 
bUl1sen burner? 

A 30diun nitrate, calciQq oxide. 
B Zinc o:cide, lithiurl nitrate. 
C Copper carbonate, nercury oxide. 
D Potns3imJ carbonate, silver oxide. 

In the follmdng questions you have to choose the anSl'lCr to fill in the 
blank space. There n:.?y be nore than one answer thnt is correct. I would 
like you to choose the CITE ans,",,~r l'I'hich you 'fOu:!.d prefer to use. 

29. ~ben 11 thiun ie added to the 1.'nter you can see 

A efflorescence. B bubbles. C effervescence. D frothine. 

30. Si.lbstances Ullich conduct electricity "Then dissolved in uater or when I.1olten 
are c['.lle(l electrolytes. These Substullces are by electricity • 

.. 'I. so::,:>c.rated. D decoll::,:>osed. C broken down. D resolved. 

31. 30diUtl chloride ~olution con~ucts electricity _____________ • 

32. 

A no word necessary. ~ sufficiently. C Greatly. D ap::,:>rociably. 

In the followt:lC questions choose the word or phrase which you feel fits best 
illto the blank space. 

Carborun<len a:1.d diaL10nd nrc both made of ciant r.lolcculos. All substances nude 
of giant nolcculos htx·w"e neltine i)oints ['.bove 10000 C. Silicon is also tl..'l.de of 
giant 0010cu10s. , silicon has El D8ltil1G point above 10000 C. 

A Honover 
B Yet 
C 
D 

Nanely 
The re fo:."O 

33. Ionic salts dissolve in untor to fOI'!l solutions which con(luct electricity. 
Sodiun chloride and potassiun chloride are both ionic salts. __________ __ 
solutions of both salta will conduct electricity. 

4\ On the other hE1.l1d 
B Consequel1tly 
C Conversely 
D !Io.'Tever 

In the follouine questions Bore than one ~l1S"Ter nay be correct but ue would 
1ilco to find out which one YOU prefer. 

34. If you w'ore nsked to explain the oeo.nint3 of the word elenent \111ic11 .Q!ill of 
the fol10'\'1inc stf.tenents l'Tould you prefer to use? 

J.\ An elenent is ~ substnnce which is nc.de of only one 
ty:)O of neutron. 

D A"l. e1encnt is conposed of e. tons all of ~lhich hnye the 
SD.:1e nnsa l'lQ'1i')er. 

C Elenents are Elubsta:nccs lihere atoJls all contain t!1e 
Sn:lC nU:-lbcr of !,rotons ia the nucleus. 

I. An elellent is r.1.'1.dc of only ono type of atone 
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35. If you were asked to cXlJlain the Dcanip..[; of the 'l'lord isotopes which .ill:m of 
the follovrillC' statellents would you prefer to use? 

A Isoto~es of an eloDent aro conposed of ntons that 
have the snno atonic nur.lber. 

B Isotopes arc atons of the SllI'lO elenent uith different 
nunbers of protons. 

C Isotopes are n tons of an eloDent w'i th different DIlSS 

n1.lI:l"ucrs. 
D Isotopes D.l"e c.torlS l'rith the cane ~torlic nU::lber but 

different mss nUllbers. 

36. If you uerc llsked to 0::1110.in the uenning of the 1<lOrds !"rnss HUHber l;11ich ..Q1l]l 
of the folloldnc otatcnc:1.ts loJ'ould you prefer to use? 

A The total nunber of prot0112 nnd electrons in an 
aton is called the mass nuobcr. 

B The naes nunber of an atom is the nur:lber of protons 
plus the nur:lber of electrons in its nucleus. 

C The nllss nunber of an II ton is the sun of the mmber 
of protons llnd neutrons in that llton. 

D The llans nun'ber of nn isotopo of an eloluent is the 
llU!".lbor of protons cnd neutrons in the nucleus of 
nn atoo of the isotope. 
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SCIElTCE EDUCATION G~ 

Language in Chemi str y 

Pink 'E' Test (1 979 ) 

In each of these questions choose the substanc e that is an element 

AnS1'ler s 
Question 

A B C D 

1- Chlorine Salt Sugar Vater 

2. Alcohol Hilk Solder Tin 

3. Acid LOll Litr.1US Rust 

4 . 'fuich method ITould be best for separ3.ting a oixture of an insoluble solid 
and a liquid? 

A Crystallise.tion 
B Distillation 
C Evapora tion 
D Filtration 

5. The burning of calcium in oxygen produces an oxide l'lhich , uhen it is added 
to w'ater, gives a solution vlhose pH value is 

A 1. 
B behTeen 2 and 7. 
c 7. 
D betueen 8 and 14 . 

6 . Uhich one of the following solutions of a salt i n w'ater is the roost 
c oncentrated? 

A 11 g of salt dissolved in 10cm3 of \ iD. ter. 

B 9G of salt dissolved in 10cm3 of uater . 

C 7g of salt dissolved in 5c;n3 of uater . 

D 5g of salt dissol-.red in 50m3 of Hater. 

7. tihich bealcer of ua tor and spa tu.la of St1.1 t uould nal-::e the BOS t concentrated 
solution uhen mixed? 

A 

'~ ., '-..... ,r ~ 4-1' 
1I 

I 
J 

I 

'1- ' " ! .-v .~. 

;~I r ~~ 

1
1:----1 ,'"' ~ t "," ..... '-_.- -. 

,,--_ .... _ -' 
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8. A piece of copr>er, llhen heated directly in the bunscn f1a;:1e, turns black 
but when heD. ted in El. hard glass tube from. 11:1ich nIl air hns been rCHoved 
it does not turn b1ac!~. 1111ich one of the follovTinc staterlents is true 
about copper? 

1lhen heated: A in the tube it loses ireight. 
B in air it stays the sane weight. 
C in the tube it stays the srule \{eight. 
D in the tube it eains ,·reight. 

9. A brass contains 75 per cent cOPl)er, 22 per cent zinc, 2 per cent alurlinium 
and 1 per cent lead. 

Uhat is the lenst abundant elenent in this brass? 

A 
B 

Zinc. 
Lead. 

C C0r>per. 
D Al ur.lini tU!l. 

10. To distinGuish visually bet .. Teen ethene and propanol, one ,'(ould have to 
knO'l'T that 

A the £101ccules of propanol are larger than those of ethene. 
B ethane f.1olecules contain 8. double bond whereas propanol molecules 

do not. 
C ethene iD a gas and propanol is a liquid. 
D ,ro~~no1 is nn alcohol and ethene is not. 

11. A slluple of elenent X contnins the follmving types of atom.: 

7 

The electronic confieuration of the element is 

A 2,4. 
B 2,5. 
C 2,6. 
D 2,7. 

12. An isotope of aluniniun has an atOl:lic number of 13 and a L1ass number of 27. 
An atom of this isoto,e 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 elem.ent ere heavier than other ntous of the sane elcnent. 
This is because they have cliffere::lt nunbers of 

A neutrons. 
B nuclei. 
C protons. 
D electrons. 
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14. Eqm1 nunbers of i):."'otons 't'iOuld be contained in uhic!1 0110 of the following 
pairs of particles? 

A 
B 
C 
D 

Uu nnd ra+ 
:L;a + and He 
Cl- and kr 
JC+ cnd Ca2+ 

15. Uhich one of the folloning particles dOGS .!:1.Q1 have the sane nU:Jber of 
electrons as a ca1ciu."l ion? 

A A potasSilliJ ion. 
B .A potassiun atone 
C fill arson a ton. 
D A chlorino atom.. 

16. 1:!hich statenent is true? 

~ The proton has the saile nass as an electron. 
B The hydro~~cn nolecule contains three a tOI:lS. 
C Isotopes of chlorine lw.ve different nunbers of protons in 

their c. torn. 
D The e1enent uith Atonic IT'Ur:1bcr 13 is a neta1. 

17. In \Thich of the fol1mring e1encnts c:.o nost of the atolls contain UJlcqun1 
nllilbers of rrotona and neutrons? 

A Carbon. 
B Fluorine. 
C :LT1 trogen. 
D Oxygen. 

18. lfuich of the fol1ol'ling pairs of elenents are likely to forn a conpo1.Uld 'tTi th 
the Genera.1 fOrLlUla XY3 ? 

..:~ Phosphorus and hydro8'en. 
B Hydroeen and sulphur. 
C Sulphur .:-:nc1 chlorine. 
D. Chlorine and carbon. 

19. Ato:c1S of e1enent AI \'Thich have tilO electrons in the outer shell, conbine 
with atollS of e1enent Y, which have seven electrons in the outer shell. 
l!hich one of the folloning stnteLlcnts is true? 

L. Tho con:)ound for:-:led has the fornu1a XY2• 
B X+ ions are fonned. 
C y2- ions arc for:'lCd. 
D Tho cO:J~)01.U1d forJ:led is covalent. 

20. A conpound, 'l'lhere both ions hD.vo the sa.ne electronic nrrc.l10'elJent as argon 
(2, 8, 8), hes a fornub of the t~rpc X2Y. llhich of these cOj:lpounds is it? 

~ rotassiurl sulphide. 
B Cnlciun chloric:.e. 
C So~iun fluoride. 
D PotassiQ~ oxide. 

270 



-4-

21. Fro!"-l an ano.lysis of 24g of nntinollY oxide, "fhich sholled tho.t 206 w'ere 
antiHOl1Y cnd 4g ~1ere oxyge:l, which of tIle follOidng fOrr.lulr.e would 
correctly re)resent antinony oxide, Imolrin;; that the atonic ",eight of antimony 
uns 1 20 and thn t of oXYGen ,TIlS 1 6 ? 

A SbO 
:B Sb02 
C Sb03 
D Sb203 

22. ~lhich of the follo"ling could be a salt 1'121ich, uhen 0. solution is electrolysed, 
gives a bro'nl deposit at the neeative electrode and evolves a yellowish green 
ens ut the positive electrode? 

A Potassiun bronide. 
E Lead chloride. 
C Coprer cllloride. 
D Calciuo iodide. 

23. In '-Ihich onc of the following cO!:lpou.nds is there II tendency for covnlency 
to !Jrcdoninate? 

24. 

A CalciU1:l fluoride. 
B Sulphur chloride. 
C Sodiu101 bronide. 
D I'o·i;a.ssiur:l iodide. 

llhich of the fellouinc ~?roced.urcs lTould be expected to ?roduce an exactly 
0.1 I·Iolnr solution of sodiun chloride (for~ula. l'loieht = 58.5).? 

J.. Dissolving 5.85c of sodi'l.t.l chloride in 100 01 of 1-later. 
B Dissolving 5.85e of sodiurJ chloride in mlter and 

nal:ine U~? witll .mter to 1 li tro of solution. 
C Adding 100lll of a nola.r solution of sodiun chloride 

to 1 litre of llt.l. tor. 
D Adding 5.85g of sodiufl c~lloriG.e to 1 litre of 1-1ater 

and shaJ:il16 lliltil dissolved. 

25. In 1>1hich ono of the follouiIlti ~re the netals arranged in increasing order 
of activity? 

26. 

A Sodiw~, cclciun, iron. 
B Calciun, iron, sodi~~. 
C Iron, sodiur~, caIciun. 
D Iron, c~lciun, sndi~~. 

---~'-.-...... ........ 
rICTAL P ." .. _____ ./ 'r .. · ... ·~ 

~1ET FILTER P.iPER - - - - - "'-- __ ~(2:Y 
I1ET1 .. L Q --.---

Uhich pair of nobIs woulc.:. Give the hichest reo..ding on the volt!:leter 

IIT:TAL P ItIETAL Q 

.A. Zino Coprer 
B Iron Tin 
C ~bgnesiurl Silver 
D Load Platinurl 
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27. Iron(rI) oxide is reduced >Then it is heated "lith carbon, but ;-..k'lgnosiuTJ oxide 
is ulmffected by ·~11is tren.t!:lent. I1hich of the follolling stato::lents is a 
correct deductio:1 fron those facts? 

} A :~~nesiun ions accept clect~o2w less easily than do iron(!I) 
ions. 

D Iron is a nore nctive Det::ll than l:w.gnesiun. 
C O:Y.ides of ::'1etals are stable co,:lpounds. 
D Iron(II) oxide for;'JS iron(II) carbonate ,dth hot carbon. 

28. In l{hich of the following would both coupoll..l1ds not have been deconposed 
1111en heated se:parately with Co bll..'1Sen burller? 

A Sodiull nitrilte, silver oxide. 
13 r,fercury oxide, zinc ni tra te. 
C Potc.ssiuJl carbonate, calciun oxide. 
D Copper carbonate, lithiwl nitrate. 

In the follow'illc3' questions you he..ve to choose the ansVI'er to fill in the 
blank space. There ;,U!y be Dore then one anS'l'ler th::lt i,g correct. I would 
like you to cilOose the.Q;:ill nnsuer which you l'lTOuld prefer to use. 

29. Tuo ole:l0nts have the electronic arrangenent 2, 8 and 2, 8, 8. These 
elenents arc particularly • 

A unrenctive. n inert. C sto.ble. D inactive. 

30. Place n s~l!!.ll cr;;rutal of blue copper(II) sulphate in the .mter at one side 
of the dish o.nd a snaIl cryst:ll of poto.ssiun ferrocynnide at the other. 
These s>ould give evidence for the of the ions. 

A novencnt. B diffusion. C spreading. D dis:?ersion. 

31. The co]?per coloured wirefl which you have been using in your electrolysis 
arc not cOfqosed of blue copper ions! 

A plainly. B obviouoly. C ~.l..").nifes tly. D evidently. 

, .' In the following questions choose the lfOrd or phrase which you feel fits 
best into the blo.nl: space. 

32. The forrmla of ca.rbon dioxide is CO2: a carbon dioxide 
L10lecule contai113 one co.rbon ntoIJ and tl10 oxygen o.tous. 

A for exanple. 
B such a.s 
C conversely 
D thv.t is 

33. Students shall not taste acids and bQ3csj 
tas te any dc.ngerollil c~le;]icals. 

A nevertheless 
B ind.eed 
C althouch 
D consequently 

2.?a. 
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In the following q'J.@StiOl1S more than one M6W'U' ma:r be COrNet but we would 
like to find out which o;ae you pre!!t. 

34. If you were asked to explain the mea.ning of the yord elemen't which ONE ot 
the following statements wculd you prefer t~ use? 

A An element is a substance which is made or only one type 
of neutron. 

B An element is composad of atoms all of which have the same 
mass number. 

Cl Elements are subata..'lces where atoms all contain the same 
number of protons ~n the nucleus. 

n An elem~nt 1s made of cnly one type of atom. 

35. If 10\1 were ask.~d to explain the m~a.ning of the- yord. i~~t-!')tl9.s w~leh.2ml 
or the following statements would you prefer to u~e? 

A. IsotllpeS of an element &ore composed of atoms that have the 
8~ atomic number. 

B Isotopes are atlJ"1I1S of th9 samo element vi th different 
numbers ef prot"us. 

Cl Isotopes are atoms ot an element with different mass numbers. 
D Isotopea are atoms wiih the same at~mic number but different 

mass numbers. 

%. It you were asked. to explain the mear..ing of the wCll"dS lws lTumber which 
.Q1!l ef th-.. following statements yould you prefer to use? N 

A The total Dumber or protons and electrons ill an atom is 
called the mass numb9r. 

B The mass number of an atom 18 the number of protons plus 
the nU3bp.r ef electrons in its nucleus. 

C The mass number er an a tom is thE' sum of tht' nUClber ot 
protons and neutrons in ths. t 6. tl)m. 

D The mass number of an i30tope ot an elp.ment i~ ~~e number 
of prot~ns and neutrons in th~ nu~leus ot an atom or the 
isotope. 
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Each of the following five sentences (1 to 5) has a IItwin" among the answers list (lettered 
A to E) i.e. a sentence with a similar meaning. Find the "twin ll of each numbered 
sentence and mark the space for its letter on your answer sheet. 

1. 
2. 
3. 
4. 
5. 

Empty vessels make the most sound. 
Don't count your chickens until they are hatched. 
Patience wears out stones. 
Imitation is the sincerest form of flattery. 
It neve'r rai ns but it pours. 

Answers 
A) Troubles seldom come singly. 
B) He that persists, succeeds. 
C) We copy only those we admire. 
D) There's many a slip 'twixt cup and lip. 
E) Much cry, I ittle wool. 

In each sentence in questions 6 to 8 there is a hidden word in one of the sections. Mark 
the space for the section on your answer sheet. 

6. FI ND THE ANIMAL OR FRUIT 

The long I lost ri ches I of the Incas 
A B C 

7. FIND THE ANllv\AL OR FRUIT 

will never 
D 

T~ey I tried ;ard I no~to I drop ~umps I of ~ox. 

be found. 
E 

8. FIND THE WORD THAT GOES BEST WITH CHAR AND BURN 

One of the most I direct routes I to America I is across I the Atlantic Ocean. 
A B C D E 

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 
C) pump 
D) life 
E) mind 

10. Squore is to circle as cube is to: A) arc 
B) cylinder 
C) cone 
D) pyramid 
E) sphere 

11. Mechonic is to machine os physician is to: A) hospital 
B) medicine 
C) gymnasium 
D) patient 
E) laboratory 

PLEASE GO ON TO THE NEXT PAGE 
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In questions 12 to 14 choose one word which means the opposite of the word in capital 
lett~rs. 

12. The ~posite of AMIABLE is: A) hosti le 
B) discontented 
C) disi 11 usioned 
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) transparen t 
C) vague 
D) void 
E) legible 

In questions 15 and 16 choose one word which means the same os the word in capitol 
letters. 

15. HARMONY means the same as: A) tune 
B) consent 
C) entirety 
D) duet 
E) agreement 

16. EVOLVE means the same as: A) spin 
B) include 
C) develop 
D) dance 
E) avoid 

17. The one word whi ch 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. nail, 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. pow 
21. 
22. 

vine 
light 

PLEASE GO ON TO THE NEXT PAGE 
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Thp. following five words (A - E) con each hove several different meanings. For each 
of the questions 23 to 29, mark on your answer sheet the letter of the word whi ch goes 
h-:,st or most often with the word in question. 

For example: hand, choir and weapon could 011 go with ARM. 

A) TENDER B) SACK C) FAIR D) GRAVE E) FAST 

23. 
24. 
25. 
26. 
27. 
28. 
'E. 

30. 

31. 

32. 

33. 

34. 

engine 
plunder 
bid 
secure 
serious 
green 
shore 

RE NOU NCE means the ~ os: A) 
B) 
C) 
D) 
E) 

OBNOXIOUS means the ~ os: A) 
B) 
C) 
D) 
E) 

RELINQUISH means the some os: A) 
B) 
C) 
D) 
E) 

The earth is to the sun as the moon is to the: A) 
B) 
C) 
D) 
E) 

Thermometer is to barometer os temperature is to: 
A) 
B) 
C) 
D) 
E) 

PLEASE GO ON TO THE NEXT PAGE 
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declare 
dismiss 
repeat 
defect 
disclaim 

offensive 
oblivious 
troublesome 
poisonous 
officious 

abandon 
transfer 
refrain 
dismiss 
cancel 

earth 
stars 
night 
planets 
universe 

weather 
pressure 
atmosphere 
forecast 
cl imate 
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~5, The opposite of DEGENERATE is: A) generate 
B) generous 
C) charge 
D) upstanding 
E) autocratic 

36. The opposite of COMPETE is: A) co-operate 
B) renovate 
C) surfei t 
D) defeat 
E) replete 

37. The opposite of HAMPER is: A) empower 
B) unshackle 
C) unburden 
D) foci I itate 
E) precede 

In a new language: It is cold = ist el sup 
He was wet = rist els supi 

She is cold and wet = ist ler rist elis sup 

38. The words for SHE IS WET are: A) ist el is sup 
B) ler el supi 
C) rist elis sup 
D) rist els supi 
E) None of these 

39. The words for HE I S are: A) ist el 
B) rist els 
q ist elis 
D) els sup 
E) is t I er 

40. The words for AND SHE WAS are: A) ist els sup 
B) ler rist sup 
C) rist els sup 
D) ler elis supi 
E) None of these 

IF YOU HAVE TIME, PLEASE CHECK THAT YOU HAVE ANSWERED EVERY 
QUESTION. 

-4-
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Test Y (Yellow) 

DO NOT TURN OVER THE PAGE UNTIL YOU ARE TOLD TO DO SO. 

The time allowed for this test is 40 minutes. 

ANs\VER ALL THE QUESTIONS. 

Answers to questions must be entered in penci I on the special answer-sheet 

provided. Do NOT use a ball-point pen. The method of recording your 

answers is shown ·on the answer-sheet. Erose completely any mark you 

wish to change. 

If you need to do any rough work you should use the question booklet and 

NOT the answer-sheet. 

The questions in this test are numbered from 41 to 70. Your answers should 

be marked on the section of the answer-sheet whi ch is referred to as Part I!. 

The colour of your question booklet is EITHER PI NK OR YELLOW. Please 

indicate, in the space provided 0/1 the answer-sheet, which colour your 

question paper is. 

DO NOT REMOVE THE QUESTION BOOKLET OR ANSWER-SHEET FROt·A 

THE ROOM. 
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1. 

41. The temperature of the acid was OOC. The temperature of the powder was 25°C. The 
metal had a negative temperature. 

A. 
B. 
C. 
D. 

The temperature of the metal was between the acid and the powder. 
The metal was colder than OOC. 
The metal was warmer than the acid and the powder. 
The temperature of the metal had not been measured. 

42. Which sentence uses the word correspond correctly? 

A. The fi ngers on the hand correspond to the toes on the feet. 
B. The head corresponds to the neck. 
C. The stomach corresponds to the mouth and intestines. 
D. The feet correspond to the head. 

43. Which sentence uses the word efficient correctly? 

A. Children need to eat efficient food to grow strong and healthy. 
B. Large brooms ore more efficient than small brushes for sweeping the school yeard. 
C. The sick boy did not eat enough green vegetables and was efficient in vitamins 

as a result. 
D. The girl did not stay at the school for on efficient time to learn English 

properly. 

44. "If it is an acid, then it will turn litmus red. 11 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 IHmus blue. 
C. If it turns I itmus red, then it is on acid. 
D. It will only turn litmus red if it dissolves in water. 

45. Jim said something which was valid. He was 

A. correct. 
B. hard to understand. 
C. telling a lie. 
D. saying something new. 

46. Which one of the following is not a choking gas? 

A. Sulphur dioxide 
B. Hydrogen chloride 
C. Chlorine 
D. Oxygen 

47. Which gas has two atoms in every molecule? 

A. Carbon dioxide 
B. Oxygen 
C. Argon 
D. Hydrogen sulphide 
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48. 

2. 

16 
An atom of element Y con be represented os 8 Y. How many bonds would element Y 
form? 

A. 
B. 
C. 
D. 

o 
2 
6 
8 

49. An element has on otomic number of 4. Another element in the some column of the 
Periodic Table would hove an atomic number of 

A. 14 
B. 12 
C. 10 
D. 8 

50. Which one of the fvllowing when heated would give a metal? 

A. Silver oxide 
B. Magnesium chloride 
C. Copper( 11) oxide 
D. Aluminium oxide 

51. A melted compound conducts electricity but whe:n solid does not conduct. This 
) suggests the bonding in the compound is 

A. covalent. 
B. polar covalent. 
C. metallic. 
D. ioni c. 

52. A sample of element X contains the following types of atom. 

13X 
7" 

The electroni c configuration of the element is 

A. 2,4 
B. 2,5 
C. 2,6 
D. 2,7 

53. An isotope of aluminium has on 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 prctons and 14 neutrons. 
C. 14 protons and 13 e! ectrons • 
D. 13 protons and 14 electrons. 
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3. 

54. Some atoms of an element are heavier than other atoms of the same element. This is 
because they hove different numbers of 

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

55. An element X of atomic number 13, forms 0 chloride. Which one of the following would 
be the formula of the chloride? 

A. 
B. 
C. 

D. 

XC1
4 

XC1 3 
XC1 2 
XCl 

56. An element has only three isotopes of mass numbers 14, 16 and 17. Which one of the 
following could be the otomi c weight of the element? 

A. 19.9 
B. 11.7 
C. 17.2 
D. 15.1 

57. A sample of copper(") sulphate containing copper(ll) oxide was powdered and mixed with 
a lar'ge volume of water. The mixture was then filtered. Which one of the followin8 
statements is true? 

A. The copper( 11) oxide would dissolve in the water. 
B. The copper(ll) sulphate would be left m the fiiter paper. 
C. One compound dissolves in the water and the other does not. 
D. The filtrate would be colourless. 

58. In which one of the following equations is the first species oxidised? 

A. 2Fe3+ + 2Cl-~ 2+ 2Fe + C1 2 
B. C1

2 
+ H

2
S --:.;. 2HCl + S 

C. ')+ 3+ 5n4+ + 2Fe2+ Sn~ + 2Fe ~ 
- 2+ Pb2+ (CI-) D. 2CI +Pb ~ 2 

5'1. 8 .+ 8 2+ 
3L' and 4Be have the some number of 

A. l'ieLitrons • 
B. protons. 
C. charges. 
D. electrons. 
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60. 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 

61. When marble chips react with hydrochloric acid, carbon dioxide is given off. Which 
one of the following would increase the volume of carbon dioxide given off? 

CaC0
3 

+ 2HC1 ~ CaC1 2 + CO2 + H20 

(1 mole of CaC0
3 

is 100 g) 

2.5g of marble chips were allowed to react completely with 100cm
3 

2.0 M (2.0 N) 
hydrochloric acid. The volume of carbon dioxide could be increased by 

A. powdering the marble <!hips 
B. making the acid more concentrated 
C. using more acid 
D. using more marble chips 

62 • Three metals Z, T and Y were added to separate solutions containing metal X ions. 
Z precipitates X; T had no effect; and with Ya 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. YZXT 
B. YXTZ 
C. XYZT 
D. TXYZ 

63. Dry air contains nitrogen and oxygen. Which one of the following statem~nts is also 
correc.t.? 

There is in the air 

A. 0 large percentege of hydrogen and c: iHtie c.::rbon dioxide. 
B. a large perce;1tage of hydrogen, about 1~{, carbon dioxide ana a little argon. 
C. about 1~/~ ergon and a little carbon dioxice. 
D. about 1~{, carbon dioxide and 0 little argc>n. 

64. Wh}' are the ctomic weights of naturally occurring eler.-:ents not whole numbers? 

A. The number of protons and neutrons in each eielTent varies. 
B. It is difficult to isolate the elements in the pure state. 
C. Chemi cel methods of atomi c weight dete-rmi nation are inOCCl:rate. 
D. Naturally occurri:'9 elements are mixture~ of ;!'o~opes. 

65. What oxide is least soluble in water? 

A. 
B. 
C. 
D. 

Magnesium oxide. 
Phosphorus{V) oxide. 
Si I i cort{ IV) oxide. 
Sulphur dioxide. 
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5. 

66. What would be the pH of the solution formed when calcium oxide dissolves in water? 

A. 
B. 
C. 
D. 

'Between 2 and 5 
Between 5 and 7 
7 
Above 7 

67. Which metol nitrate would give off only oxygen when heated? 

A. Copper(I I) nitrate 
B. Lead(lI) nitrate 
C. Silver nitrate 
D. Sodium nitrate 

68. Tritium has mass number 3. Helium can also have a mass 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 num ber of neutrons. 
C. the weight of the electrons makes an appreciable difference here. 
D. they have different numbers of protons. 

69. When powdered copper and sulphur ore heated gently together, the moss glows red 
hot and the product is block. Which of the following conclusions can be correctly 
drown from these observations alone? 

A. The copper and sulphur have combined to form coppedll) 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 wi th the su I phur. 

70. Element X has two electrons in the outer shell. Element Y has seven electrons in 
the outer shell. Which one of the following statements about a compound of X and 
Y is true? 

A. 

B. 

C. 

D. 

The formula is XY
2

• 

X+· Ions are present. 
2-Y ions are present. 

The compound is covalent. 
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41. 

1. 

The t~mperature of the acid was OOC. The temperature of the powder was 25
0

C. 
T!1e metal had a negarive temperature. 

A. The temperature of the metal was between the acid cnd the powder. 
R. The metal was colder than OOC. 
C. The metal was warmer than the acid and the powder. 
D. The temperature of the metal had not been measured • 

• 

42." Which sentence uses the word correspond correctly? 

A. The finger~ on the hand correspond to the toes on the feet. 
B. The head corresponds to the neck. 
C. The stomach corresponds to the mouth and intastines. 
D. The feet correspond to the head. 

43. Which sentence uses the word efficient correctly? 

A. Chi Idren need to eat effi cient food to grow strong and heal thy. 
B. Large brooms are more efficient than small brushes for sweeping the school yard. 
C. The sick boy did not eat enough green vegetables and wos efficient in vitamins 

as a result. 
D.The girl did not stay at the school for an efficient time to learn English 

properly. 

44. IIlf it is on 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. 
C. If it turns litmus red, then it is an acid. 
D. It will only turn litmus red if it dissolves in water. 

45. Jim said something which was valid. He was 

A. correct. 
S. hard to understand. 
C. telling a lie. 
D. saying something new. 

46. Which one of the following is not a pungent gas? 

A. Sulphur dioxide 
B. Hydrogen chloride 
C. Chlorine 
D. Oxygen 

47. Which gas has diatomic molecules? 

A. 
B. 
C. 
D. 

Carbon dioxide 
Oxygen 
Argon 
Hydrogen sulphide 2·36 
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An atom of element Y can be represented as 8 Y. What is the valency number of 
element Y? 

48. 

A. 0 
B. 2 
C. 6 
D. 8 

49. 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 

50. Which one of the following when heated would leave a metallic residue? 

A. Si Iver oxide 
B. Magnesium chloride 
C. Copper(l!) oxide 
D. Aluminium oxide 

51. 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. ioni c. 

32. A sample of element X contains the following types of atom. 

The electroni c configuration of the element is 

A. 2,4 
B. 2,5 
C. 2,6 
D. 2,7 

53. An isotope of aluminium has an otomi c number of 13 and a mass number of 27. An atom 
of this isotope wi I1 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. 
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54. Some atoms of an element ore heavier than other atoms of the same eleme:1L This is 
because they have different numbers ef 

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

'i'" ... ~. An element X of atomic number 13, forms a chloride. Whi ch one of the following would 
be the formula of the chloride? 

A. 

B. 
C. 
D. 

XC1 4 
XC1 

3 
XC'2 
XC1 

56. An elemer:+ has only three isotopes of mass numbers 14, 16 and 17. Which one or 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) sulphate contcini:1g ccpper(ll) oxide wes powdered and mixed with 
a large volu:-ne of water. The mixture wes then filtered. Vlhich one of the following 
statements is not true? 

A. The copper( 11) sulphate would dissolve in the water. 
8. The copper(11) oxide wouid be left in the filter pe;:er. 
C. The ccpper( 11) sulphate cnd the cepper( 11) oxice would be left in the 

fi Iter paper. 
D. The filtrate wot,;!ci be a blue sol'.Iticn. 

58. In whi ch one of the fcllcwir.g eq'..1otlcns is t~e f:rst species not oxidised? 

59. 

A. 
B. 

C. 
D. 

2+ 3·-
2Fe + (1

2 
--;, 2Fe '+ 2C1 

H
2

S + C1 2 ~2HCl + S 
_?.l.. ")._ 

2C1 + Pb-' ---7P!;/,'(C1) 
,. 2-+- ,..... 3+ S 4+ ,.. _22+ 
~:1 +Lre .~ n +.:.ra 

~..L. Q"', 

Which st.Jt2m::!1t is tr:.:e obc'_rt the ions ~Li' and ~8e~7? 

B. 
C. 
D. 

v -:' 

-I " • . • ,t'" liiey con,oln rr.e SC~e nl.:mc;r or r.eUrrC~5. 
T' . , . l.' ,,. r:Elr atoms C:::,1rCIi1 ,;'103 scme numcer or prct:::r;~. 
T' " ,. '11 ,-,,,....~~ ~" ' .. ' ... ~;:!).,....., f· "':-'0 ,....: 1=- '-, r.<::ldl, c. " ... ,n_ .11,,1 \!,_ ;,c."e n,~r., ... _r ."":, 1..,1;5. 

"'rl.... ""\ ........... "'T·,...··' "'''''',0 s--'" n .,.......\-::\ -; ... ' ""~,-"",,,,,,-'ilt:.y ,"-o..J" .... 1 ....... '-04."_ .u ••• __ r "'-'I cJe,""I."-II~' 



60. The numbers of electrons, protons and neutrons in four particles A to D are listed below. 
Which one of them represents a positively charged ion? 

Protons Neutrons Electrons 
A. 4 5 4 
B. 8 8 10 
C. 12 12 10 
D. 17 20 17 

., 
6)·. CaC0

3 
+ 2HCl ~ CoC1

2 
+ CO

2 
+ H

2
0 

(1 mole of CoC0
3 

is 100g) 

2.5g of marble chips were allowed to r~act c~mplefel·y with 100cm
3 

2.0 M (2.0 N) 
hydrochloric acid. The volury1e of carbon dioxide evolved could be increased by 

A. powdering the marble chips. 
B. making the acid more concentrated. 
C. using more acid of the some concentration. 
D. using a greater mass of marble chips. 

62. When a metal Z was added to the sulphate of a metal X, the metal X was precipitated 
and there wcs 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. Whi ch one 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 

63. Dry air contains about 2~b or oxygen. Which one of the following correctly describes 
the approximate composition of the remaining 800/o? 

A. Mainly nitrogen and hydrogen with a little carbon dioxide 
B. Mainly nitrogen and hydrogen with about 1~,~ carbon dioxide cnd a little argon 
C. Noinly nitrogen with about 1~~ argon and a little carbon dioxide 
D. Mainly nitrogen with about 1% carbon diexide cnd a little argon 

64. The atomic weights of most of the naturally occurring elements are not whole numbers. 
Which of the following is the best explanation of this fact? 

A. The number of protons and neutrons in each element varies. 
B. It is difficult to isolete the elements in the pure state. 
C. Chemical methods of atomic weight determination ore inaccurate. 
D. Naturally occwrring elements are mixtures of isotopes. 

65. From among the following, select the element with the oxide which is least soluble 
in water. 

A. 
B. 
C. 
D. 

Mcgnesium 
Phosphorus 
Si li con 
Sulphur. 
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66. Calcium is a metal which burns in oxygen to form en oxide which when added to water 
) gives a solution whose pH velue is 

A. between 2 cnd 5. 
B. between 5 and 7. 
C· 7. 
D. above 7. 

67. A metal forms a nitrate which, on heating, gives ox}'gen as the only gaseous product. 
The metal is 

A. copper. 
B. lead. 
C. silver. 
D. sodium • 

. 68. Why are atoms with the same mass number not necessarily atoms of the same element? 

I t is becouse 

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 di fferent numbers of protons. 

69. When powdered copper and sulphur ore heated gently together, the mass glows red hot 
and the product is black. Which of the following conclusions con be correctly drown 
from these observations alone? 

A. The copper and sulphur have combined to form copper(11) 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. 

70. 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 6f the following 
statements is probabl y not true? 

A. The compound formed has the formula X
2 
y. 

B. X2+ ions are formed. 

C. y- ions are formed. 

D. The compound formed is ioni c. 
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~e~ o~t ~ a!~Oc1at1on W1 h 
]niver3ity of ~lasgow 

Jnstructions to Suoervisors 

Aooendix H ... 

A. Int~duotion 

The3e ~~~truction~ are for the guidance of teacher~ admini~tering the 
Gene-loal Ability Te~t (Verbal) and the 'Language in Chemistry' test. 
(There are too forms of the 'language in Chemistry' test: Test X (Pink) 
and Te~t Y (Yellow»). 

The aim of the 'language in Chemi!try' te!t i~ to inve~tigata the effects 
of !ang.le-ge difficulties of candidates in Chemist:oy (Ordinary) ill ter::1! 
of key word. positions, syntax and sentence length. Although ~ome 
que~tion3 appear in exactly the same fom in both tests, the majority 
of que~tions in Test X appear in Test Y in a modified form of language. 

'rhe aim of conducting the ~neral AbilitY"Test (VerbaJ.) is to obtain 
en indication ot tte general (verbal) ability of those ca.nd.idate:s who 
are being tested. 

B. The Te~ts .. 

• 

The General Ability Test (Verbal) contain~ 40 questions (numbered from 
1 to 40) and. is err ;0 m:.nutes duration. An:swers to questions for thi~ 
test ~hou1d be made in Part I of the special (combined) all-'wer-sheet. 

The 'Language in Ch~i!t~J' test appears in t~o different fores. Test X 
(Pir:.k) and Test Y (Yellow) :!hould be di:stributed to the candidates 
alternately i.e. the first candidate receives Text X, the !econd candidate 
receive~ Te~t 1, the third candidate receive~ Te~t X, etc. Test X ~~d 
Te~t Y eaoh contains 30 que~tion~ (numbered from 41 to 70): 40 minute~ 
is to be al1o~ed for pupils to complete the test. An~wers to question~ 
for thi~ test should be made in Part; 11 of the an!wer-~heet. Each pupil 
ahould complete the General Ability Test (Verbal) and either Test X ~ 
Test Y. 

C, General Prena~tion . 

The :ollo~~g materials are required for eaoh pupil on each occasion 
(see Section D): 

1. One General Ability Test (Verbal) booklet £B one Test X 
(Pink) booklet £! one Test 1 (Yellow) booklet, 

2. One combined answer-!heet, 

3. Paper for rough work, 

4. TiTO !,ha..-pened. pencil~ (lE) e.".d an india rubber. 

over 



- 2 _ ., r ( , . 

The test ~upervi~or will also reauire: 

1. A supply of spare pencils and. india rubber:5, 

2. A stop-watch or other suitable timing device. 

D. Candid3.te identitv 

I 
I 
I 
I 

I~ ~. 
; 

The General Ability Te:!t (Verbal) a..'"ld the 'Language in Chemistry' 
test may be administered on the ~ame occa~ion or on different occaeians. 
If the te~ts are administered on the same occasion and the results of 
individual candidates are required by the school, the candidates' 
answer-.meets must carry their names or be marked. in SC!::le other my so 
that the candidates can be identified. 

If the te~ts are set on different occasions each candidate's ans~er­
sheet must carry hi:5/her identity because he/she must co.:nplete the 
~e a.r:;:We':--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 ~~iicate in the appropriate box whether he/~he is a boy or a girl. 

Procedure for Ceneral Ability Test (Verbal) 

1. Pupils should first be told to fill in the infor.:ation 
section at the top of the answer-sheet. Note that the 
school mayor may not require the candidates to be 
identified cn their answer-sheets (see Section D above). 

2. The ~upervi!or must %:lake SUN at this stage that all 
pupil! u:lcerstand how to fill in the anz;ver-sheet 
co:-rect17. 

3. The :supervisor should then announce: 

ft~en you are told to start the test, try to anSNer each 
problem in turn. i70rk carefully and quickly. Do not 
waste ti:le over any question you car.not do, but go on to 
the next cne. If you are not quite sure of the answer 
to a.. .... y proble::!, mark 7rhat seems to be the best ans7ler. 
Remember to record your answers on the answer-sheet only. 
Rub out any answer you wish to cr~ge and mark clearly 
the ~~!wer you thL~ is correct. Answer-sheets should be 
kept flat at all ti::les. No rough mrk should be done on 
the an!~er-,heets. If you shouli need another pencil 
during the test, rai,e your hand. Al,'lays check to be sure 
that each an!We:- you mark belong~ to the question you have 
just atte:pted". 

4. -:.'hen ca.~Ci~tes are clear about the procedure the ,upeI"'li!or 
should my: 

"!'urn to page ene. 3egi.~tt. 

283 
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5. The ~upervi~or should write down the exact time at which 
he say~ "Begin" and what the time will be after 20 minutes, 
25 minutes and 30 minutes. 

After 20 minutes the supervisor ~ould announce: 

"You have 10 minutes more", 

and after 25 l:linutes, 

"You have 5 minutes more", 

and. after 30 minute~, 
"Stop writing". 

6. Immediately after the test has been completed all test 
booklets mu~t be collected. Unless the second session 
of testing is to follow immediately the answer-sheets 
should also be collected. 

~. Procedurg for Test X (Pir~) end Test Y (Yellow) 

1. Each candidate should indicate on his/her ansrrer-sheet, 
in the ~pace provided, the colour of the paper on which 
hiS/her test booklet is printed. This is most i.Jtportant. 

2. The ~upervi!or must :ake sure at tbis ~tage that all 
pupils understand how to fill in the answer-!heet 
corre~tly. 

3. As for Section E, paragraph 3 (if' thi~ session of test:L"lg 
follows io=edia~y after the General Ability Test (Verbal) 
then this may be omitted). 

4. 'r.hen there are no further q~estions the ~upervi~or shoull 
My: 

"Tur~ to page one. Begin". 

5. The ::upervbor should nrite doml the ezact time at -;vhich 
he says "Begin" an,i rrhat the ti=le will be afte!" 20 oinutes, 
,30 min~tes and 40 minutes. 

After 20 mL"lutes the supervisor iheuld announce: 

"You have 20 mL"lutes more", 

and atter 30 mi:-:utes, 

"You rAve 10 :lL"lutes more", 

and atter 40 ::1inutes, 

"step writir.g". 

6. ~ediately after the test ~~~ been completed all test 
booklets and answer-sheets must be collected. 

over 
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G. Return of te~t material 

All answer-aheet, and test booklets, whether used or unu~ed, should be 
returned to the Research Unit, Joint ~tricula~icn Board, 1~nchester 
M15 6EU as soon as both tests have been completed. Before re~~rning 
test material, plea,e 5ep~rate an5wer-5heet5 of candidates entered for 
the J~.!B GCE Chemi,try (Ordinary) exa:nination from those of other pupils. 

The box(es) in which the te,ts were sent to the school may be used for 
their return. labels for this purpo~e have been provided. P03tage 
costs will be refunded. 



Chemistry questions in ori~inal (Text X) and simulified (Test y) form 

togethar with apurouriate item statistics 

(The correct resr~nse is indicated by·) 

(a) Questions in which there has been a chan~e of words in key 
positions 

Orifinal question (X) 

Which one of the following 
is !!2i a pungent gas? 

SL~plified ~estion (y) 

'Which one of th e I'ollo,ving 
is ~ a choking gas? 

A. Sulphur dioxide 
B. Hydrogen chlorid.e 
C. Chlorine 

·D. Oxygen 

Original Cue3tio~ CX) 

47. \','hich ga.s r..a.s diato::lio 
molecules? 

A. Carbon dioxide 
*B. ~gen 

C. krgon 
D. Hydrogen 3ulphide 

A. Sulphur dioxide 
B. Hydrogen chloride 
C,. Chlorine 

-D. Oxygen 

Simnlified Question (Y) 

'Which gas has two atcos 
in every molecule? 

A. Carbon dioxide 
- B. Oxygen 

C. Argon 
D. Hydrogen sulphide 

'... -. . ... - -~ .. _.-. . 

From Table VI it may be seen t~~t the si~plification 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 ite~ (Tables IV and V). 

There is no difference in t~ pattern of responses to the incorrect 
o~tions in these items. 

48. 

Ori~ina.l Question (X) 

At atom of element1~ can 
be represented as ar. 
y~t is the valenqy 
number of ele~ent Y? 

A. 0 
*B. 2 
C. 6 
D. 8 

Simplified Questio~ (y) 

An atom of elemfpt y can be 
represented as ':Y. Ho'.., 
many bonds would8element 
! form? 

A. 0 
*B. 2 
C. 6 
D. 8 

The only significant change in this i tee sho\.;s as a sex difference in 
favour of the girls. ~~6 
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49. 

bJ.) 

OriRinal Question (X) 

An element has an atomic 
number of 4. Another element 
in the same group of elements 
in tbe Periodic Table would 
have an atomic number of 

A. 14 
-B. 12 
c. 10 
D. 8 

Simplified Question (y) 

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. 
-B. 
c. 
D. 

14 
12 
10 
8 

There were no significant differences within any sub-group of pupils between 
the two forms of this question. 

50. 

Original Question CX) 

Thich one of the following 
when heated would leave 
a metallic residue? 

eA. Silver oxide 
B. V-a.gnesiU::l chloride 
C. Copper (II) oxide 
D. Aluminium oxide 

Sirnulified Question (Y) 

I'lhich one of the folloWing 
when heated would give 
a metal? 

eA. SU ver oxide 
B. JJagnesiULl chloride 
C. Copper (II) oxide 
D. Aluminium oxide 

Table VI sho·.,ro a clear trend that sir.lplii'ic.9. tion leads to lower facility 
values in sub-groups of plJpils. Tbe facility values are low but the word 
'meh.l' would seem to be harder to understand tb-m 'metallic residue' 
perhaps because in the practical situation the result of this experiment 
is so rarely like a metal, being more like the less specific 'metallic 
residue'. 

O:-i(1)inal Cuestion (X) 

51. A fused coopound cO!'liucts 
electricity but when . 
solid does not conduct. 
This suggests the 
bonding in the COJlPound 
is 
, 
A. 

B. 
c. 

-:0. 

covalent. 
polar covalent. 
metallic. 
ionic. 

Simulified o,uest.iQ.u (y) 

A melted cocpound conducts 
electricity but when 
solid does not conduct. 
This suge;ests the 
bonding in the compound 
is 

A. covalent. 
B. polar covalent. 
C. metallic. 

-D. iomc. 

Table VI shows that for all sub-groups there was a r.ise in the facility 
v31ues on simplification although three only were statistically significant. 
The facility value rose from 55 for all Test X pupils to 61 for all 
Test Y pupils; option A proved to be very ~~pular with both samples. 
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(iii, 

Questions in which the chanee of wordin~ removes a negative. 

Original Question eX) 

56. An element has only three 
isotopes of mass numbers 
14-, 16 and 17. "fnich 
one of the following 
could not be the atomic 
weight of the element? 

A. 14-.2 
B. 1504-
c. 16.3 

*D. 17.1 

Simnlified Quest~ (y) 

An element has only three 
isotopes of mass numbers 
14, 16 and 17. Uhich one 
of the following could be 
the atoJlic weight of the 
element? 

A. 19.9 
B. 11.7 
C. 17.2 

.". 15.1 

For every sub-group (except non-GCE candidates) the removal of the 
negative leads to a statistically significant rise in facility values 
(Table VI). 

57. 

Original Question (X) 

A sample of copper(11) 
sulphate containing copper 
(11) oxide was powdered and 
mixed with a large vo1~~e 
of water. The mixture was 
then filtered. \fuich one of 
the following statements is 
not true? 

A. The copper(ll) sulphate 
would dissolve in the water. 

B. The copper(ll) oxide would 
be left in the filter paper. 

Sirnnlified \~estion (y) 

A sample of copper(ll) :su1phate 
containing copper(ll) oxide was 
powdered and mixed with a large 
volume of \ .... ater. The mixture 
was then filtered. Which one 
of the fol1o\ .... ing statements 
is true? 

A. The copper(ll) would dissolve 
in the water. 

B. The copper(ll) sulphate would 
be left in the filter paper. 

·C. The copper(ll) sulphate and ·C. One compound dissolves in the 
the copper(ll) oxide would water and the other does not. 
be left in the filter paper. D. The filtrate would be colour-

D. The filtrate would be a blue less. 
solution. 

There were no significant chaoges for this item as a result of the removal 
of the negative. 
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Ori~inal Ouestion (x) Simplified Ouestion (Y) 

,58. In which one of the follow­
ing equations is the first 
3pecies Dot exidisea? 

2+ 3+--

In which one of the follow­
ing equations is the first 
species oxidised? 

A. 2Fe + C12~ 2.Fe +2C1 

B. H2S + C12~ 2HC1 + S 
~. 2C1-+ P

b 
,+ ~ Pb2+(C1-) ~ 

D. 8n
2

+ + 2Fe3+? Sn4.+ + 2Fe + 

3+ - 2+ A. 2Fs + 2C1 -1 2Fe tC1
2 

B. C1Q+R2S 7 2SC1 + S 
*C. 8n2+ + 2Fe3+.; 8n4+ + ZPe2+ 

D. 2C1 -+ Pb 2+ ~ Pb 2+ (C1 -; 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. 
i-/hereas 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 respectively. 

(c) ~uestions in .".hich the nunbers of words have been reduced. 

59. 

Ori~inal ~uestion eX) 

~fuich state~ent is true about 

the ions ~Li+ and ~Be2+ 1 

Simplified Question (y) 

8 + 8 2+ 
Li and4Be have the 3 _ 

same nUr.1ber of 

A. They contain the sa~e A. neutrons. 
protons. 
charges. 
electro!1.3. 

n~~ber of neutrons. B. 
B. Their atoms contain the C. 

same nu~ber of protons. ·D. 
C. They will co~bine with 

the same number of r- ions. 
-D. They contain the sane 

n~~ber of electrons. 

There is apparently no effect on facility values resulting fron the 
si~plification of this difficult item. In the simple version option C 
was considerably less attractive to pupils than it was originally. 

60. 

Ori~in~l Question (X) 

rne n~~oers of electrons, pro­
tons a~d neutrons in four 
p3rticles A to D are listed 
below. Which on~ of them 
represents a Fositively 
ch~Hged ion? 

Protons Neutrons ~ectrons 
A. 4 5 4 
B. 8 8 10 

·C. 12 12 10 
D. 17 20 17 

Sinnlified Question (y) 

wnich one of these particles 
A to D would be a positively 
c!l.'lrged ion? 

Protons i:eu trons Electrcns 
A. 4 5 4 
B. 8 8 10 

·C. 12 12 10 
D. 17 20 17 

Although the p3.ttern of respons~s to incorrect options did not cha:le;e greatly 
as a result of si~plification the trend s~o",n in Table '/I is for the reductiO:1 
or words to produce lower f~eility v~lues. 



Oririnal question (X) Si~nl~ied Question (Y) 

62. When a meta.l Z wa.s added to 
the sulphate o~ a metal X, 
the metal X was precipi­
tated and there was no 
effervescence. iUlen the 
test was repeated using the 
metal T in place of Z, no 
reaction occurred. ~hen 

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 fiom the 
solution. \'/hich one of the 
follOwing she.vs the metals 
in the correct order of 
activity (the most active 
first)? 

a metal Y was added to a 
solution of the sUlphate 
of X, a brisk effervescence 
occurred. Ylhich ane of 
the follo\viug is the correct 
order of decreasing acti­
vity (i.e. the most reactive 
first) of ~~e four metals? 

-A. 1'ZXT ·A. YZXT 
B. T.nZ B. YX'TZ 
C. XYZT C. XYZT 
D. T4YZ D. TXYZ 

The removal of words brings about some gains in performance. 

Ori$inal Question (X) 

Dry air contains about 2~6 
of oxycen. Which one of the 
following correctly describes 
the approxim3te composition 
of the remaining 80%1 

A. ~hinly nitrogen and 
hydrogen with a little 
c'1rbon dioxide. 

B. ~!ainly ni trogen and 
hydrosen with about 1% 
c9rbon dioxide and a 
little argon. 

·C. Mainly nitrogen with 
about 1% argon and a 
little c3rbon dioxide. 

D. !~ainly ni trogen wi th 
about 1% carbon dioxide 
and a little argon. 

Simnlified ~uestion (y) 

Dry air contains nitrogen and 
oxygen. Which one of the 
following statements is also 
correct? 

There is in the air 

A. a l3.rge percentage of hydrogen 
and a little carbon dioxide. 

B. a ls.rge percentage of hydrogen, 
about 1% carbon dioxide and 
a little argon. 

·C. about 1% argon and a little 
carbon dioxide. 

D. about 1% carbon dioxide and 
a little argun. 

Although, fro~ Table VI, it ~3y be seen that some sub-groups found th:.itcm 
easier when revised, !:lore pupils found option D attractive tban they !ll.~ 
the key in both versions of this, the most difficult of all items used 1n 
the experiment. 
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64. 

Ori~inal ~~estion eX) Simplified Question (y) 

The atomic weights of most of 
the naturally occuring ele~ents 
are not whole ntL':Ibers. i'll'dch 
of the follo'~ing is the best 
explanation of this fact? 

~{hy are the atomic weights of 
naturally occuring elements 
not whole ntL~bers? 

A. The number of protons and A. 
neutrons in each element 
varies. 

B. It is difficult to isolate B. 
the elements in the pure 

C. 
sta tee 
Chernic31 methods of atomic C. 
weight deter~ination are 
inaccurate. 
Naturally occuring elements·D. 
are mixtures of isotopes. 

The number of protons and 
neutrons in each element 
varies. 
It is difficult to isolate 
the elements in the pure 
sta tee 
Chemical methods of atomic 
weight determination are 
inaccurate. 
Naturally occurins elements 
are mixtures of isotopes. 

Changes in this item h3d no ~pparent effects. 

Cri~ir~l question (X) 

Frc~ ~cng the following, 
select the element lI'i th 
the oxide which is least 
soluble in w~ter. 

A. J~az:1e3iu.c 
B. Phosphorus 

·C. Silicon 
D. Sulphur 

Sinolified question (Y) 

,that oxide is least 
soluble in water? 

A. Magne3ium onde 
B. Phosphorus(V) oxide 

·C. Silicon(rv) oxide. 
D. Sulphur.dioxide 

Changes in this item tended to m:1ite it more difficult for SOr.le sub-groups 

Orir;inal ~lestion (X) 

A metal ror~s a nitrate which, 
on heatins. gives oxygen as 
the only g~seous product. 
ThQ :netal i~. 

A. coprer. 
B. lead. 
C. silver. 

eD. sodium. 

Simnlified ~lestion (y) 

~.'hich metal nitrate would Give 
off only oxygen when heated? 

A. Copper(ll) nitrate 
B. Lead(ll) nitrate 
C. Silver nitrate 

-D. Sodiuo nitrate 

There were no st,,! t1ctically sib-li ficant di fferences re::::ul ting from the 
cr.anges ::ll.de to this i te:n (T<lble VI). Pupils found option C to be 
attractive in both for~s. 
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68. 

Original que3tion (X) 

l1!lY are ato::ts with the 
same tlass number not 
necessarily atCQ5 of 
the Bame element? 

It i5 because 

A. they could be isotopes. 
B. they need. to have the 

:5ame number of neutrons. 
C. the weight of electrons 

could be the same. 
• D. they could have different 

numbers of protons. 

,S,implif'ied Question (Y) 

Tritium has rr.ass number 3. 
Helium can also have a 
mass number of 3. These 
two are not considered 
to be atoms of the same 
substance because 

A. they are isotopes. 
B. they have the :Y>-me number 

of neutrons. 
c. the weight of the electrons 

makes e.n appreciable 
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 
stem. Changes to this item lead to sienificant rises in facility values 
for most suo-groups. There is evidence that pupils switched from option B 
to option C as a result of the si~plification. 

(d) ~uestion in which a possible ambip;uity has been removed. 

Oririnal question (X) 

fiben po~ered copper and 
SUlphur are heated gently 
together, the mass glows 
red hot and the product 
is black. Which of the 

. tolloiVing conclusions can 
be drawn fro~ these 
ob!ervation~ alone? 

A. The copper and sulphur 
have combined to tom 
copper (II) sulphide. 

B. The copper and sulphur 
have cocbined to for.:l 
a compotmd. 

c. A mixture of copp er and 
sulphur remains. 

~. T,le copper has reacted 
with the sylphur. 

,Simplified Questioq (Y) 

When powdered copper and 
sulphur are heated gently 
together, the mass glows 
red hot and the product 
is black. Y~ich of the 

. following conclusions can 
be dra'ml from these 
observations alone? 

A. the copper and sulphur 
have combined to fom 
copper (II) sulphide. 

B. The copper and SI.llphur 
have cOLlbined to form 
only one compound. 

c. A mixturG of copper and 
sulphur reoain3. 

-D. The copper has reacted 
'1iith the sulphur. 

This question, in its original version, ar~ared in a recent SCSEB 
Ordinary grade examin~tion. In option B la compo~ldl could mean at 
least one unspecified eO~Fou~d or one and only one eomPO~ld. ~r.e 
simplified version rexoved the ambieuity and resulted in an imFrove~ent 
in Ferform!lnee (Table VI). 



(viii) 

(e) Questions in which there has been a re-organisation in terms 
of the n~ber of clauses. 

Ori~L~al question (x) 

66. Calcium is a metal which 
burns in oxygen to fcr:n 
an oxide ~hich when added 
to water gives a solution 
whose pH value is 

A. between 2 and 5. 
B. between 5 a.~d 7. 
C. 7. 

• D. above 7. 

~imuli£ied Oue~tion (y) 

Vl!lat would be the pH value 
of the ,solution formed. when 
calciu~ oxide dissolves 
in lTater? 

A. between 2 and 5. 
B. between 5 and 7. 
c. 7. 

• D. above 7. 

lio st~tistically significant differences were found between the two versions. 

70. 

Ori~ir.~l ~u~stion (X) 

Atoms of element X, having 
two electrons in the outer 
shell, co~e into contact with 
atoms of element Y with seven 
electrons in the outer shell. 
Which one of the following 
state~ents is probably ~ 
true? 

·A. The cOr.1pound for::led has 
the for:nula X2Y• 
2+ B. X ions are formed. 

c. Y- "ions are for::led. 
D. Th~ C Or:1 pound formed is 

ionic. 

Sim~lified Question (y) 

Element X has two electrons in 
the outer shell. Element Y has 
seven electrons in the outer 
shell. ~~ch one of the 
followinZ statements about a 
compound of X and Y is true? 

·A. 
B. 

The formula is XY2• 
+ X ions are present. 

c. y2-ions are preseat. 

D. The compound is covalent. 

~s well as a reduction in th! nu~~er of clauses in the ste~ of this ite~, 
a ne~~tive W3S als~ re~oved. Despite these changes no sub-group found 
the revised version signiflc3ntly easier. Indeed the only statistically 
signific9nt differ~nce w~s in the opr,osi te direction although this \o/as 
for th~ non-GC'=: sub-group of pupils. 
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1. 

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

42. 

B 
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 contain 

A. 14 protons and 13 neutrons. 
B. 13 protons and 14 neutrons. B 
C. 14 protons and 13 electrons. 
D. 13 protons and 14 electrons. I , 43. 

i 
Some atoms of an element are heavier than other atoms of the same element. 
This is because they have different numbers of 

i 

A. neutrons. 
B. nuclei. R C. protons. 
D. e /p.ctrons. 

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

A. A potassium atom 
B. A potassium ion 
C A •• • mogneslum Ion 

n 
D 

D. A chlorine a~om 

45. Which statement is true? 

46. 

A. The proton has the same mass os an electron. 
B. The h~r0gen molecule contoins one atom. J) 
C. Isotopes of chlorine have different numbers of protons in their atoms. 
D. The element with atomic number 13 is a metal. 

Which one of the following pairs of particles contains equel numbers of protons? 

+ A. Na and No 

B. 

C. 
D. 

+ Na and Ne 

C( and Ar 

K+ and Ca2+ 

A 



2. 

47. Which of the following compounds has a formula of the type X
2 
Y where both 

ions have the same electronic arrangement as argon (2,8,8)? 

A. Potassium sulphide 
B. Aluminium chloride 
C. Sodium fluoride 

'~. --
I 

D. Potassium oxidQ 

48. A.n element X of atomic number 13 forms a chloride. WhIch one of the 
followi:1~ is the formula of the chloride? 

A. XCIS 

C B. XCI
4 

C. XCI
3 

D. XC'2 

49. Which of the following pairs of elements ere likely to form a compound 
with the formula XY 3? 

A. Phosphorus and hydrogen 
B. Hydrosen and sulphl..T A 
C. Sulphur and chlorine 
D. Chlorine and carbon 

50. Which pair of compounds would both decompose when heated s€parctely with 
a bt.:r.sen burner? 

A. sodium nitrate, calcium oxide 
B. zinc oxide, lithium nitrate c 
C. copper ccrbonate, mercury oxide 
D. potassium carboncte, silver oxWe 

51. Calcium oxide dissolves in water. The solution would have a pH of 

A. 1. 
B. between 2 and 7. 
C. 7. 
D. between 8 and 14. 

52. Copper when heated in air turns black. Copper when heated in the ebsence 
of air does not turn block. Which one of the following statemenl's is true about 
copper? 

When heated 

A. in the absence of cir it loses weisht. 
B. in air it stoys the some weight. 
C. in 1he cbsence of cir it stcys the s~me we ight. 
D. tn the absence of air it gcins weipht. 



53. 

• 

3. 

Fluorine is more cctive than chlorine 
Chlorine is more active than bromine 
Bromine is more active than iodine 

i From this it con be deduced that in solution 

• 
t .. 

A. chlorine displaces both iodine from potassium iodide and bromine 
from potczsium bromide. 

B. iodine displaces bromine from potassium bromide. 
C. bromine displaces chlorine from potassium chloride. 
D. bromine displaces both iodine from potassium iodide and fluorine 

from potassium fluoride. 

54. The spread of colour from 0 crystal through still water is called 

55. 

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 

A 
B 
C 
o 

Conductivity of electricity 
when solid 

insulator 
conductor 
insulator 
conductor 

Type of oxide 

basic 
acidic 
acidic 
basic 

56. In which one of the following ore the metals arranged in decreasing order 
of activity? 

A. Iron, cel cium, sodium 
B. Calcium, iron, sodium 
C. Iron, sodium, col cium 
D. Sodium, calcium, iron 

57. Which one of the following solutions of a sal t in water is most concentrated? 

A. 109 of salt dissolved in 100 ml of woter 
e. 79 of solt dissolved in 60 ml of water 
C. 49 of salt dissolved in 50 ml of water 
D. 2g of salt dissolved in 20 ml of water 

8 
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a 
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4. 

ss. Which one of these compounds is covalent? 

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

. D. Potassium iodide 

59. 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 
B. Dissolve 5.85g of sodium chloride in water and make up with water 

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 

60. 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 C 

hydroxide 
D. Forms a white precipitate when passed through a solution of sodium 

hydroxide 

61. Hydrated copper(lI) sulphate is obtained from a dilute solutIon of copper(lI) 
sulphate by 

A. filtration. 
B. prectpitation. 
C. neutra lisat i on. 
D. cryst911 isation. 

62. When a metal atom changes to an ion it 

A. loses electrons. 
B. changes the structure of its nucleus. 
c. 90 i ns protons. 
D. is reduced. 

63. If air Is passed through sodium hydroxide solution and then over heated copper, 
the gas collected contains nitrogen and 

A. oxygel'. 
B. carbon dioxide. 
C. noble gases •. 

c 
D. nitrogen dioxide. 



5. 

64. An analysis of 24g of antimony oxide showed that 20g were antimony and 
4g were oxygen. Knowing that the otomic weight (relative atomic mass) 
of antimony was 120 cnd that of oxygen wcs 16, which of the following 
formulae would correctly represent antimony oxide? 

A. SbO 
]) B. Sb0

2 
C. Sb

2
05 

D. Sb
2

0
3 

65. A solution of a salt is electrolysed. At the negative electrode a brown dsposit 
forms and at the positive electrode 0 yellowish green gas is evolved. Which 
of the following could the salt have been? 

A. Potassium bromide 
B. lead chlorida 
C. Copper(lI) chloride 

c 
D. Calcium iodide 

66. Given this equation 

H
2

S0
4 

+ 2KOH ~ K
2

S04 + 2H
2
0 

Which of these solutions would exactly neutralise 20cm
3 

of 2M sulphuric acid? 

A. 20cm 
3 

of 2M potassium hydroxide 

6. 40cm
3 

of 2M potassium hydroxide B 
C. 1 Dcm 3 

of 2M potassium hydroxide 

D. 4Dcm 3 
of M potassium hydroxide 

67. The vo I ume of ammon ia measured at room te mperature and atmospheri c pressure 
needed to produce 1 mole of nitrogen molecules is 

A. 2 litres. 
B. 4 litres. 
C • 24 litres. 
D. 48 litres. 

68. Solid sodi~m chloride does not conduct electricity but sodium chloride does 
conduct when molten. The reason is 

A. 
B. 

C. 
D. 

solid sodium chloride contains no ions. 
the passa:;e of electric curren~ forms ions in molten sodium chloride 
but not in the sol id form. 
melting sodium chloride produces sodium ions and chloride ions. 
ions oreser.t in solid sodium chloride are not free to migrate but 
cc:'] do so when the substance is mol ten. 
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69. Which one of these statements about carbon dioxide is correct? 

A. It is not the only product formed by the action of hydrochlC'ric 
acid on marble chips. 

B. It does not give a white precipitcte when passed into lime water. A 
C. It is a basic oxide. 
D. Its molecule is made up from two carbon atoms and one oxygen 

atom linked covalently. 

70. Which one of the following statements is true of the elements in the 
Periodic Toble? 

A. Elements with similar properties ore arranged in vertical columns. ."G 
B. The elements in group) become le!:s reactive with increasing atomic mass. -1 
C. The elements in group VII become more reactive with increasing 

atom i c mass. 

71. 

D. All the elements in group IV have five electrons in the outer shell 
of their atoms. 

Assume that air contains nitrogen and oxygen only. Remember that the 
boiling point of nitrogen is lower than that of oxygen. If lOOcm 3 0f air 
is liquefied and then allowed to warm up, which one of the following will 
result? 

A. 20cm 3 of oxygen will come off first and then BOem 
3 

of nitrogen. 

B. 80cm
3 

of oxygen will come off first and then 20cm
3 

of nitrogen. 

C. 20cm3 of nitrogen will come off first and then 80cm
3 

of oxygen. 

D. 80cm3 of nitrogen will come off first and then 2Ocm
3 

of oxygen. 

72. The formation of potassium bromide is similar to the formation of sodium chloride 
in thot 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 r.'Jmbers of potassium ions and bro.'T1ide 
ions arranged in a definite pattern. 

C. A lattico containing equal numbers of potassium ions and bromide 
ions arranged in no definite pattern. 

D. Nony separate molecules each made up of one potassium atom and 
one bromine atom. 

73. Which one of the following is the order in which water is purified for use in 
towns and cities? 

A. chlorination, storose, filtration, distribution 
B. collection, distribution, filtration, storage 

1\ I I , I 
--~ 

C. extraction, sterilisation, distillation, stores'" 
D. collection, filtration, chlorinction, distribution 

30~ 
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41. A sample of element X contains the following types of atom: 

Th~ electronic configuration of the element is B 
A. 2,4. 
B. 2,5. 
C. 2,6. 
D. 2,7. 

42. 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. 
B. 13 protons and 14 neutrons. 

-I"'} 

b 
C. 14 protons and 13 electrons. 
D. 13 protons cnd 14 electrons. 

43. Some atoms of an element are heavier than other atoms of the same element. 
This is because they hove different numbers of 

A. neutrons. 
'\ B. nuclei. /1 

C. protons. 
D. electrons. 

44. Which of the following pcrticles does not have the same number of electrons 
uS 0 calcium ion? -

A. A potassium ion 
B. A potassium atom 
C. An argon atom 
D. A chloride ion 

45. Whkh statement is not true? 

A. The proton does not have the same mass os on electron. 
I3. The hydrogen molecule contains two atoms. 
C. Isotopes of chlorine do not have different numbers of protons in 

the ir atoms. 
D. The element with otomic number 13 is a non-metal. 

46. Equal numbers of protons are contain in which one of the following pairs of 
particles? 

A. + No and Na 
+ --. 

B. No and Ne 1-\ 
! -C. Cl and Iv 

D. + "+ K and Ca" ..310 
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47. A compound, where both ions have the same electronic arrangement as argon 
(2,8,8) has a formula of the type X

2 
Y. Which of these compounds is it? 

A. Potassium sulphide 
B. Aluminium chloride 
C. Sodium fluoride 

et I , 

D. Potassium oxide 

48. An element X of atomic number 13 forms a chloride. Which one of the 
following is the formula of the chloride? 

A. XC'5 /: 

B. XCI4 L 
C. XC'3 

D. XC'2 

49. A compound with the formula XY 3 would be likely to be formed from which of 
the following pairs of elements? 

A. Phosphorus and hydrogen 
B. Hydrogen and sulphur 
C. Sulphur and chlorine 
D. Chlorine and carbon 

50. In which of the following would both compounds not have been decomposed 
when heated separately with a bUiiSeii burner? 

A. sodium nitrate, silver oxide 
B. mercury oxide, zinc nitrate c 
C. potassium carbonate, calcium oxide 
D. copper carbonate, lithium nitrate 

51. The burning of calcium in oxygen produces an oxide which, when it is added to water, 
gives 0 solution whose pH value is 

A. 1. 
B. between 2 and 7. 
C. 7. 
D. between 8 and 14. 

\\ 
I I 

-...../ 

52. A piece of copper, when heated directly in the bunsen flame, turns black but 
when heated in a hard gloss tube from which 011 air has been removed it does 
not turn block. Which one of the following statements is true about copper? 

When heated , 
A. in the tube it loses we ight. 
B. in air it stays the some weight. 
C. in the hJbe it stays the some weiGht. 
D. in the tube it gains weight. 

\ 
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53. 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. chlorine displaces both iodine 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. 

54. If a crystal of hydrated copper(11) sulphate is placed carefully at the bottom 
of a beaker of water to stand for several days, 0 blue colour gradually spreads 
through the liquid. The best way to describe the spread of colour is 

A. dilution. 
B. dis!:olving. 
C. diffusion. 
D. melting. 

55. 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 
OOC l0000

C electricity when 
solid 

A liquid gas insulator basic 
B solid solid conductor acidic 

C liquid gas insulator acidic 

0 !:olid solid conductor basic 

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

A. Sodium, calcium, iron 
B. Calcium, iron, sodium 
C. Iron, sodium, calcium 
D. fron, calcium, sodium 

57. Which one of the following solutions of a salt in water is most dilute? 

A. 109 of solt dissolved in 100 rnl of water 
B. 59 of salt dissolved in 80 ml of water 
C. 4g of salt dissolved in 50 ml of water 
D. 29 of salt dissolved in 20 ml of water 

1\ 1--
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58. In which one of the following compounds is there a tendency for covalency 
to predom i nate? 

A. Calcium fluoride 
B. Sulphur chloride B 
C. Sodium bromide 
D. Potossium iodide 

59. 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 ml of woter B 
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 

60. Which one of the following observations is used to detect the presence of 
corbon 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 

61. Thl'! process used to obtain hydrated copper(lI) sulphate from a dilute solution of 
copper(/I) sulphate is called 

A. filtration. 
B. precipitation. 
C. neutral isation. 
D. crystall isation. 

62. When an atom of a metallic element ionises it 

A. loses electrons. 
/1 

B. changes the structure of its nucleus. 
C. gains protons. 
D. is reduced. 

63. The laboratory preparation of nitrogen by passing air through sodium hydroxide 
solution and then over heated copper produces nitrogen which con~ains 

A. 
B. 
r 
"'" . 
D. 

oxygen. 
carbon dioxide. 
noble gcse~. 
nitrogen dioxide. 

~13 

c 
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66. 

5. 

From an analysis of 24g of antimony oxide, which showed that 209 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 

D B. Sb0
2 

C. Sb
2

0
5 

D. Sb
2

0
3 

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(1I) chloride 

c 
D. Calcium iodide 

Which one of the following solutions when added to 20cm
3 

of 2M sulphuric 
acid would form a neutral solution? 

The equation fcr the react ion is 

H
2

SO 4 + 2KOH --7 K2SO 4 + 2H20 

A. 20cm
3 

of 2M potassium hydroxide 

B. 40cm 
3 

of 2M potassium hydroxide 

C. 1 Ocm 
3 

of 2M potassium hydroxide 

o . 40cm 
3 

of M pot ass i um hydroxide 

67. The volume of dry ammonia gas measured at one atmosphere pressure and at 
room temperature needed to produce 1 mole of gaseous nitrogen molecules is 

A. 2 litres. 
B. 4 litres. '-" 
C. 24 litres. 

I) 

D. 48 litres. 

68. Crystalline sodium chloride does not conduct electricity but fused sodium 
chloride has on apprecicble electrical conductivity. The reason for this 

: observation is that 
I 
l 

A. solid sodium chloride contains no ions. 
B. the passage of electric current forms ions in molten sodium 

chloride but not in the solid Torm. -,\ 
C. melting sodium chioride produces sodium ions Clnd chloride ions. 1./ 

D. ions present in solid sodium chloride are not free to migrate bl.'t 
can do so when the substance is molten. 

31.:; 
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69. Which one of these statements about carbon dioxide is incorrect? 

A. It is the only product formed by the action of hydrochloric acid 
on marble chips. 

B. It gives a white precipitate when passed into lime water. 
C. It is an acidic oxide. 
D. Its mo le cu I e is made up from two oxygen atoms and one carbon 

atom, linked covalently. 

70. 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 I become more reactive with increasing ,0 

atomic mass. -I 
C. The elements in group VII become less reactive with increasing 

atom i c mess. 
D. All the elements in group IV have four electrons in the outer shell 

of the ir atoms. 

71. Assume that air contains nitrogen and oxygen only and the boiling point of 
nitrogen is lower than that of oxygen. If 100cm3 of air is liquefied cnd then 

=, aI/owed to warm up, which one of the following will result? 

A. 20cm
3 

of oxygen will come off first and then 80cm
3 

of nitrogen. ]) 

B. 80cm3 of oxygen will come off first and then 20cm
3 

of nitrogen. 

C. 20cm3 of nitrogen will come off first and then 80cm
3 

of oxygen. 

D. 80cm3 of nitrogen will come off first cnd then 20cm
3 

of oxygen. 

72. 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 pattern. 

B. A lattice containing equal numbers or 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. "''''any separate molecules each mode up of one potassium atom and 
one bromine atom. 

The sequential stages involved in the large scale purification of water supplies 
for use In towns and cities ore 

A. chJorin'Jtion, storage, filtration, distribwtior.. 
B. co! lection, distribution, filtration, storage. 
C. extraction, sterilisation, distillation, storage. 

D. col/ection, filtration, chlorination, distribution. 
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1979 Investigation into Lan~age Barriers in Chemistry being carried 
out in association with the Science F~ucation Group, University 
of Glasgow 

In!truction~ to Supervi~or~ 

A. Introduction 

The~e in~truction~ are for the guiiance of teaohers admini~tering the 
General Ability Te~t (Verbal) and the 'Language in ~~emi~try' te~t. 
(There are two forms of the 'Language :ill Chenutzyt te~t: Te~t X (Pink) 
and Te~t Y (Yello~)). 

Th! aim of the 'Language in Chemi~tzy' te:st is to inve~tigate the effect~ 
of language difficultie~ ot cend.ida.te~ in Chemistry (Ordinary) in ter.n~ 
of key ?lOre. po~ition~, ~yntax and sentence length. Although :some 
question" appear in exactly the same form in both te~t~, the majority 
of question~ in Test X appear in Test Y in a modified form of language. 

Tb" e.im of oonducting the General Ability Te3t (Verbal) is to obtain 
an indication of the general (verbal) ability of those candidate" who 
are beinB te~ted_ 

The General Ability Test (Verbal) contains 40 questions (numbered froa 
1 to 40) and i" of 30 minutes ~E~n. An~wers to que~tions for this 
test should be made in Part I of the special (combined) answer-~heet. 

The 'Language in Ch~i!tryt test appear" in two different forms_ Test X 
(Pink) and Test Y (Yellow) ~ould be di~tributed to the candidate~ 
alternately i.e. the first candidate receives Text X, the second candidat~ 
r~ceive~ Te~t Y, the third candidate receive~ Test X, etc. Test X and 
Te~t Y ea.ch oontain:s 33 que"tion!5 (numbered frOIl 41 to 73): 40 minute~ 
i!5 to be a1lo~ed for pupils to complete the test. An~wer~ to questions 
for this test "hould be made in Part II of the answer-sheet. Each pupil 
~ould co~plete the General Ability Te~t (Verbal) and either Te~t X ~ 
Te~~ Y. 

c. General :zeoorntion 

The follo~g material~ are required for each pupil on ea~~ occasion 
(~eo Section D): 

1 _ 

2. 

3. 

4. 

Cne General Ability Test (Verbal) booklet OR one Test X 
(Pink) booklet £! one Test Y (Yellow) booklet, 

One combined answer-sheet, 

Paper for rough work, 

Two sharpened pe~cils (fiB) and an india-rubber. 

'. 316 over 



· ( , 

The test sunervisor vdll also require: 

1. A ~upply of ~pare pencils and india-rubbers, 

2. A stop-watch or other suitable timing device. 

D. Candidate identity 

The General Ability Test (Verbal) and the 'Language L~ ChemistrJ' 
test may be a~inistered on the same occasion or on different cccasions. 
It' the tests are administered on the same occasion and the results of 
individual candidates are required by the school, the candidates' 
a."lswer-sheets must carry their names or be marked in scme other my ~o 
that the candidates can be identif'ied. 

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 an;Wer-sheet on which he/she recorded the a!lSWers to the first 
test. 

Each candidate is requested to indicate in the appropriate box 
whether he/she is a boy or a girl. 

E. Procedure for General Ability Test (Verbal) 

1. Pupils ~hould first be told to fill in the info~tion 
~ecticn at the top of the answer-sheet. Note that the 
school :ray or may not require the~ndid.ates to be 
identified on their answer-sheets (see Section D above). 

2. The supervisor must make sure at this stage that all 
pupi15 understand ho'" to fill in the a.nsv;er-sheet 
correctly. 

3. The supervisor should then announce: 

"~en you are told to start the test, try to answer each 
problem in turn. Work carefully and quickly. Do not 
waste time over ~~y que5tion you ca~ot do, but go on to 
the next one. If you are not quite sure of the answer 
to any problelu, mark what seems to be the best ans-;ver. 
Remember to record your answers on the answer-sheet only. 
Rub out any answer you ~vish to change a.nd !:lark clearly 
the answer you thL~ i~ correct. Answer-sheets should be 
kept flat at all tio.es. No rough ';';Cri: should be done on 
the a.ns~er-~heets. If you should need another pencil 
during the test, mise your band. Al'l'iays check to be !UTe 
that each answer you ~ark belongs to the question you have 
just atte:npted". 

4. 7ihen candidates are clear about the procedure the ~upervi!or 
~hould ~y: 

"Turn to page one. Begin". 
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5. The ~upervi~or should write down the e.~ct time at which 
he 3ay~ "Begin" and ";']hat the time will be after 20 minutes l 
25 minutes and 30 minutes. 

After 20 minutes the supervisor should announce: 

"You have 10 minutes ~ore", 

and after 25 minutes, 

"You have 5 minutes more", 

and after 30 minutes, 

"Stop writing". 

6. Immediately after the test bas been completed all test 
booklets must be collected. Unle~s the second session 
of testing is to follow ~ediately the answer-sheets 
should also be collected. 

F. Procedure for Test X (Pink) end Test Y (Yello~) 

2. 

Each candidate should indicate on hiS/her ansrrer-slleet, 
in the ~pace provided., the colour of the paper on which 
his/her test booklet is printed. This is most important. 

The ~upervisor must make sure at this stage that all 
pupils understand hO','I to fill in the anst7er-sheet 
correctly. 

As for Secti~~ E, paragraph 3 (if this session of tS3t~~g 
follo~s ~edia~y efter the General Ability Test (Verbal) 
then this may be o~itted). 

4. ·,:hen there are no fu..-ther questions the supervisor ::;hculd 
say: 

"Turn to page one. Begin". 

5. '1'he supervisor should. ".'iTite do7ln the exact ti:ne at which 
he says "Begin" and ~rhat the tue ITill be after 20 oinutes, 
30 minutes end. 40 minutes. 

After 20 mL~utes the supervisor ~ould announce: 

"You have 20 minutes more"l 

and after 30 ~L~utes, 
"You r~ve 10 minutes more"1 

and after 40 minutes, 

"Stop writi.."lg". 

6. Immediately after the test r~s been co~pleted all test 
booklets and answer-sheets must be collected. 

318 over 
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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-shaets 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 t~e use of GPO parcel post (postage costs will be 
refunded) is to use the Medallion Services or National Carriers Ltd. 
A consignment note and label are attached. 

The nearest of the following N.e.L. area depots should be contacted: 

N.e.L., 
Lawley Street, 
Birmingham. 

tel. 359 6411. 

N.e.L., 
Vernon Road, 
Stoke-on-Trent. 

tel. 411331. 

N.e.L., 
Bradford Place, 
Walsall. 

tel. 33211. 
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,"~,.~.:io~'<!,;~' AJper.,!ix. L 
Joint Matriculation Board 
Investigation into Language Barriers in Chemistry 1979 
SURNAME __________________________ __ OTHER NAMES ________________ _ 
SCHOOL ________________________________ ___ 

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 ball-point pen. 

PUPIL INFORMATION 

PART I 

Boy Girl 

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 
~ 17 30 
5 18 31 
6 19 32 
7 20 33 
8 21 34 
9 22 35 

10 23 36 
11 24 37 
12 25 38 
13 26 39 

40 

PART 11 
You will have been provided with either a pink or a yellow question booklet. Please indicate in the 
box be\ow 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. 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

FOR OFFICIAL USE ONLY. 

52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 

63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
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Appendix M 

Chemistry questions in original (Test X) and simpUfied (Test Y) form 

together with appropriate comment . 

(The correct response is indicated by *) 

(8) Qualifying Words . 

Original Question (X) 

56 . 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 
t D. Iron, calcium, sodium * 

Simplified Question (Y) 

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

A. Iron, calcium, sodium 

B. Calcium, iron, sodium 

C. Iron, sodium, calcium 

D. Sodium, calcium, iron 

From Tablo XII all groups showed a significant improvement with the 

8impl1cation . By far the bost distractor in the original form was A and 

this was not the case in the simplifeid form. 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" requirell 

another thinking stage and consequently found to be more difficult . 

Original Question (X) 

68 . 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 solium chloride 
but not in the solid 
form . 

C. melting sodium chloride 
produces sodium ions 
and cAloride ions . 

D. ions present in solid 
sodium chlorid are not 
free to migrate but .an 
do sO 'when the substance 
is molten . 

32l 

* 

Simplified Question (Y) 

Solid sodium chloride does 
not conduct electricity but 
sodium chloride does conduct 
when .olten. The reason is 

A. solid odium chloride 
contains no ions · 

B. the passage of electric 
current forms ions in 
molten sodium chloride 
but not in the solid 
form . 

C. melting sodium chloride 
produces sodium ions and 
chloride ions . 

D. ions present in solid 
sodium chloride are not 
free to mi grate but cnn 
do so when the substance 
is molten . 



< . -
In addition to the significant improvement in the total sample 

there are significant improve.ents for Ability Groups 2 and 3. and Boys 

"Crystalline", "fused" and "appreciable electrical conductivity" may 

have added to the difficulty of the thinking stages required to solve 

the original questions and as a result the facility values were depressed . 

Original Question (X) 

67 . The volume of dry 
ammonia gas meosured 

• 

at one atmos~~ere 
pressure and at room 
temperature needed to 
produce I mole of gaseous 
nitrogen molecules 1s 

A. 2 litres 

B. 4 litres 

C. 24 litres 

D. 48 11 tree * 

Simplified Question (Y) 

Tbe volume of ammonia 
measured at room 
temperature and atmpspheric 
pressure needed to produce 
I mole of gaseous nitrogen 
molecules is 

A. 2 litres 

B. 4 litres 

C. 24 litres 

D. 48 litres 

There were no significant changes for this item. 

Original Question (X) Simplified Question (Y) 

57 . Vfuich one of the following Which one of the following 
solutions of a salt in splutions of a salt in 
water is most dilute? water is mos t concBntrated? 

A. 109 of salt dissolved A. 109 of salt dissolved 
in 100 ml of water in 100 ml of water 

• B. 6g of solt dissolved * B. 7g of salt dissolved 
in 80 ml of "at r in 60 rnl of water 

C. 4g of salt dissolved C. 4g of salt dissolved 
in 50 ml of water in 50 ml of water 

D. 2g of salt dissolved D. 2g of salt dissolved 
in 20 ml of water in 20 1111 of water 

There were no significant changes for t his item . 



(b) Negatives . 

Origin~l Question (X) 

70 . 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 
mass . 

C. The elements in Group V11 
become less reactive with 
increasing atomic mass . 

D. All the elements in Group IV 
have four electrons in the 
outer shell of their atoms . 

• 

Simplified Question (V) 

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 
mass . 

C. The elements in Group V11 
become more reactive with 
increasing atomic mass . 

D. All the elements in 
Group IV have five 
electrons in the outer 
shell of their atoms . 

From Table XII all groups showed a significant improvement with the 

s1mp11f1catlon w1th the exception of Ability Group 1 which was in the 

same direction, but less than significant . 

Original Question (X) 

44 . Which of the following 
particles does ~ have 
the same number of 
electrons as a calc1um 
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 
number 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 improvemDnt with the 

simplification but Ability Group 1 showed a significant 

deterioration with the simplifioation . An examination 

of effect of the various distractors showed that for 

Ability Group 3 responses A, C and 0 become poorer distractors 

in the simplified version whereas for Ability Group 1 responses 

A and C become more effective distractors . 



'J 

Original Question (X) 

45. Whlch statement Is not true? 

A. The proton does not have 
the same mass as an 
electron. 

B. The hydrogen molecule 
contains two atoms . 

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 . 

• 

Simplified Question (Y) 

Which statement is true? 

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

B. The hydrogen molecule 
contains one atom. 

C. Isotopes of chlorine 
have different numbers 
of protons in their atoms . 

D. The element with atomic 
number 13 is a metal. 

The attempted simplification brings about a significant deterioration 

for the t~tal sample, girls, and Ability Group 3 . In all cases the 

distractor B in the simplified version tnnds to be particularly effective . 

Original Question (X) 

69 . Which one of these 
statements about carbon 
dioxide is incorrect? 

• A. It is the only product 
formed by the action of 
hydrochloric acid on 
marble ohips . 

B. It gives a white 
preoipitate when 
passed into lime water. 

C. It is an aoidio oxide. 

D. Its moleoule is made up 
from two oxygen atoms and 
one oarbon atom, linked 
covalently . 

Simplified Question (Y) 

Whioh one of these 
statements about carbon 
dioxiie is correct? 

A. It is not the only 
product formed by the 
action of hydrochloric 
aoid on marble ohips . 

B. It does not give a 
white preoipitate when 
passed into lime water . 

C. It i8 a basio oxide . 

D. Its molecule is made up 
from two carbon atoms 
and one oxygen atom 
linked covalently . 

In the original version the negative Is in the stem and the simplified 

version has the negative 1n the oorreot response nnd one of the 

distractors . The only signifioant difference is for Ability Group 1 

who found it easier with the negative in the stem. 

The presenoe of a negative expression does seem to h ve an influenoe on 

performanoe and this may be due to the increased thinking stages that 

may be required to solve a question with a neg tive expression . From, 

f'r example, the results of question 45 this is not the only faotor 

operating because in trying to atoh responses between the two versions 

a re8pon8e may be produced e . g . B 1n simplified 15 that proves to be a 

mo.e effeotive distraotor . 



(c) Bits of information . 

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 

A 

B 

C 

• D 

Yellow 55 

State at State at Conductivity 
OOC 1000

0
C electriCity 

when solid 

liquid gas insulator 

solid solid conductor 

liquid gas insulator 

solid solid conductor 

Simplified Question (Y) 

of Type of oxide 

basic 

acidic 

acidic 

basic 
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The table below shows some of the properties of elements represented 
by the letters A-D. \Vhich 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 

• conductor basic D 

From Table Xll in addition to the Total Sample, Ability Group 3 

showed a significant improvement when the question was simplified 

by removal of two columns of information . 



. -

Original Question (X) 

53 . The order of increasing 
chemical reactivity (least 
reactive first) of four 
halogen elements is 

• 

10dlBe . bromine, chlorine, 
fluorine . 

From this information it 
can be deduced that 

A. chlorine displaces both 
iodine 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 . 

• 

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 
that in solution 

A. chlorine displaces both 
iodine from potassium 
iodide and bromine from 
potassium bromide . 

D. iodide displaces bromine 
from potassium bromide . 

C. bromine displaces chlorine 
from potassium chloride . 

D. bromine displ ces both 
iodine from potaSSium 
iodide and fluorine 
from potassium fluoride . 

The reorganisation of the bits of informatien in tho simplified version 

brought about a significant impro\Jement for the Total Sample . Ability 

Group 3 and Ability Group 2 . 

Original Question (X) 

51 . The burning of calcium in 
oaygen produces an oxide 
which , when it is added to 
water. gives a solution 
whose pH value is 

A. 1. 

B. between 2 and 7 . 

C . 7 • 

• between 8 and 14 . D. 

32.6 

• 

Simplified Question (Y) 

Calcium oxide dissolves 
in water . The solution 
would have a pH of 

A. 1 . 

B. between 2 and 7 . 

C . 7 . 

D. between 8 and 14 . 



Or iginal Ques~ (X) 

54 . 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 . diffusion . 

D. melting . 

• 
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Simpl ifi ed 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 signifiaant changes f or either of these items although 

for most categori s the changes brought about minor improvements . 

Oririnal Question (X) 

52 . A pi ce of copper, when 
heated directly in the 
buns en 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 
coppcr? When heated 

A. in the tube it loses weight . 

B. in air it sta,s the ame 
weight . 

• C. in t he tube it stays the 
same weight . 

D. in the tub it gai ns weight . 

* 

Simplified Question (Y) 

Copper when heated in 
air turns black . Copper 
when heated in t he absence 
of air does not tur n black . 
Which one of t he f ollowing 
statemants is true about 
copper? When heated 

in the absence of air 
it loses weight . 

B. in air i t stays the 
same wei ght • 

C. in the absenc of ai r 
it stays the same weight . 

D. i n the absence of ai r 
it gains wei ght . 

The removal of numbe r of bits of i n formltion from the stem i n the 

simpli fied ve r sion brings about a s i gni ficant deterioration in the 

,irIs, and a smaller deter ioration in somo of the groups . 

The expression "in the absenoe " which i8 used in the s i mplified vers ion 

but not i n the original ve rsion may be a factor that is inf luencing 

t he perfor mance in this question . 

In some ins t ances the reductionoof t he bits of i nf ormation in the 

atem seems to ake the question easier perhaps because the thinkin 

necessary to solv the quet tion has been reduced . It is ea81 r to 

handle the information when some of the extraneou information has 

been removed . 



(d) The arrangement of the bits of information in the stem . 

Otiginal Question (X) 

65 . Wiich of the following 
could be a salt which, 
when a solution is 
electrolysed, gives a 
brown depos1t at the 
negative electrode and 
evolves a yellowish green 
gas at the positive electrode? 

A. Potassium bromide 

B. Lead chlol'ide ,.. 
C. Copper (11) caloride 

D. Calcium iodide 

• 

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 evolved . 
Which of the following could 
the salt have been? 

A. Potassium bromide 

B. Lead chloride 

C. Copper (11) chloride 

D. Calcium iodide 

From Tabl Xl1 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 sontance with the embedded clause. 

In the simplified question the part of the steM th't As 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 gotting to th responsea. 

66 . 

• 

Original Question (X) 

Which one of the following 3 
solutions when added to 20cm 
Be 2M sulphuric acid would 
form a neutral solution? 

The equation tor the reaotion is 

A. 20cm3 of 2i Potassium hydroxide 

B. 40cm3 of 2M potassium hydroxide 

C. 100m3 of 2M potassium hydroxide 

D. 40cm3 of JI potaSSium hydroxide 

328 

• 

Simplified uestion (Y) 

Given this equation 

Vfuich of these solutions 3 
would exactly neutralise 20cm 
of 2M sulphuric acid? 

A. 20cm3 of 2! potassium 
hydroxide 

B. 40cm3 of 2t potassium 
hydroxide 

C. 10cm3 of 2M potaSSium 
hydroxide 

D. 40cm3 of M potassium hydroxide 



This simplification brought about an improvement for most groups but 

only for the Total Sample and Ability Group 1 were the improvements 

slgnlgicant. 

In the simplified version the arrangement is information, question and 

responses, whereas in the or~ginal version the arrangement is question, 

information and responses. Perhaps having the question close to the 

responses is easier to think about than having the question then information 

before getting to the respoD8es~ 

Original Quest ion (X) 

47 . A compound, where both ions 
have the same electronic 
arrangement as argon (2,8,8) 
ha! a formula of the type X2Y. 

Which o. these compounds is it? 

* A. Potassium SUlphide 

B. Aluminium chloride 

C. Sodium fluoride 

D. Potassium oxide 

* 

Simplified Question (Y) 

Which of the following 
compounds has a formula 
of the type X

2
Y where both 

ions hav the same electronic 
arrangement as argon (2,8,8)? 

A. Potassium sulphide 

B. Aluminium chloride 

C. Sodium fluoride 

D. Pot saium oxide 

The simplification brought about an improvement for most groups but only 

for the Total Sample was the improvement significant . 

In th simplified version the embedded clauses had been removed and this 

arrangement was apparently easier for the candidates perhaps bec use it 

made the thinking stages less convoluted. 

Original Question (X) 

64 . 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 
oxi~e, knowing that the atomic 
weight (relative atomic mass) 
of antimony was 120 and that 
of oxygen was 16? 

A. SbO 

B. Sb02 
C. Sb20

5 
• D. Sb20

S 

~9 

Simplified Question (V) 

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 
antomony was 120 and that 
of oxygen was 16, which of 
the following formulae would 
correctly represont antimony 
oxide? 

A. SbO 

B. Sb0
2 

C.B Sb20
5 

• D. Sb20
S 



Original Question (X) 

71. Assume that air contains 
nitrogen and oxygen only 
and the bolling point of 
nitrogen is lower than 3 
that of oxygen . If 100 cm 
of air is liquefied and 
then allowed to warm up, 
which one of the following 
will result? 

• 

3 
A. 20cm of oxygen will come 

B. 

c. 

D. 

off first and then 80em3 
of nitrogen . 

3 BOcm of oxygen will come 
of first and then 20cm3 
of nitrogen. 

3 20cm ~f nitrogen will come 
off first and then 80em3 
of oxygen. 

3 BOcm of nitrogen will come 
off first and then 20cm3 

of oxygen. 

Original Question (X) 

72. Use your knowledge of the 
structare 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 oomposition of 

• 

a crystal of potassium bromide? 

A. A lattice containing equal 
numbers of potassium atoms 
and bromine atoms arranged 

B. 

in a definite pattern • 

A lattice containing equal 
numbers of potaasium ions 
and bromide ions arranged 
in a definite patt rn . 

c. A lattice containing equal 
numbers of pot assium ions 
and bromide ions arranged 
in no definite pattern . 

D. Many separate molecules each 
made up of· one potassium atom 
and one bromine atom . 

* 

• 

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? 

A. 

B. 

c . 

D. 

3 
20em of oxygen will come 
off first and then 80em3 
of ni~rogen. 

3 
BOcm of oxygen will come 
off first and then 20cm3 
of nitrogen. 

3 
20cm ofnitrogen will come 
off first and then BOc'; 
of oxygen • 

3 
BOem 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 
made up of one pot...... atom 
and one bromine atom . 

There were no sifnificant changes for any of these three items . The altes atlons 
in the organisation of the information may have been of such a nature that they 
did not influence the thinking necessary to solve the question and as a re.ult 
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? 

A. Calcium fluoride 

B. Sulphur chloride 

C. Sodium bromide 

D. Potassium iodide 

From Table Xll 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 mtlar 
solution of sodium chloride 
(formula weight • 58.5)? 

A. Dissolving 5 .88g of sodium 
chloride in 100 ml of water • 

B. Dissolving 6.85g of sodium 
chloride in water and making 
up with water to 1 litre of 
solution . 

• 

Simplified Question (Y) 

To make an exactly 0 . 1 molar 
solution of sodium chloride 
(formula weight • 58.5) what 
would you do? 

A. Dissolve 5 . 86g of sodium 
chloride in 100 ml of water . 

B. Dissolve 5.85g of sodium 
chloride in wat r and make 
up with water to 1 litre of 
80lution. 

C. Addl . DO-mlofa molar solution C. 
of sodium chloride to 1 litre 

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

D. Adding 6 . 86g of sodium chloride D. 
to 1 litre of water and shaking 
until didsolved . 

Add 5 . 86g of sodium chloride 
to 1 litre of water and shake 
until dissolved . 

Original Question (X) 

Which one of the following 
observations is used to detect 
the presence of carbon dioxide? 

A. Relights a glowing splint . 

B. Bleaches damp litmus. 

C. Porms a white precipitate 
when passed through a 
solution of calcium hydroxide . 

• 

Simplified Question (Y) 

Which one of theso is a teat 
for carbon dloxldo? 

A. Relights a glowing splint. 

B. Bleaches damp litmss • 

c. Porms a white precipitate 
when passed through a s.lutlon 
of calcium hydroxide . 

D. Porms a white preCipitate D. Forms a white pr cipltate 
when passed throu,h a solution 
of sodium hydroxide. 

when passed through a solution 
of sodium hydroxide . 
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62 . 

• 

73. 

• 

61. 

• 

Origipal Que.tion (X) 

When an atom of a metallic 
element ionises it 

A. loses electrons . 

B. chabges the structure 
of its nucleus . 

C. gains protons . 

D. is reduced . 

Original Question (X) 

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 . 

• 

• 

Simplified Question (Y) 

When a metal atom changes 
to an ion it 

A. loses electrons . 

B. changes the struceere 
of its nucleus . 

C. gains protons-

D. is 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. coUection, f11 tration, 
chlorination, distribution 

For the.e four items there were no significant changes . 

Original Question (X) 

The process used to obtain 
hydrat d copper(11) sulphate 
from a dilute solution of 
copper(11) su,phate is called 

A. flltration . 

B. preCipitation . 

C. neutralisation. 

D. crystallisation . • 

Simplified Question (Y) 

Hydrated copper(11) sulphate 
is obtained from a dilute 
solution of copper(ll) sulphate 
by 

A. fll tration . 

B. precipitation . 

C. neutrali.ation . 

D. crystall18aUon. 

For Ability Group 1 and the Girls there was a significant deterioration 

with the attempted simpl ification . The removal of the expression -

. ' the proce.s ' may have made the information in the simplified stem more 

compressed, more abstract, and made re'ponse A a more plausible distractor • 



"!' .... 

63. 

• 

Origiaal Question eX) 

The laboratory preparation 
of nitrogen by passing air 
through sodium hydroxide 
solution and then over heated 
copper produces nitrogen which 
contain. 

A. oxygen. 

B. carbon dioxide 

C. noble gases . 

D. nitrogen dioxide. 

• 

Simplified Question ey) 

If air is passed through 
sodium hydroxide solution and 
then over heated copper, the 
gas collected contains nitrogen 
and 

A. oxygen. 

B. carbon dioxide • 

C. noble gases. 

D. nitrogen dioxide. 

For the Total Sample , Ability Group 1, Boys and~rls there was a 8ignificant 

deterioration with the attempted simplification. In its original version 

it is a preparation of nitrogen and the wording of the latter part of the 

stem indicated that nitrogen ls produced plus something else . The 

compression in the simplified version makes it more abstract . It is air 

that is involved and the gas collected contains nitrogen and response A 

oxygen becomes a more effective distractor, perhaps because nitrogen and 

oxygen are the main gases in the air. 

Pompous expression is a very subjective phrase. If there are expreSSions 

that need to be understood in order to go through the thinking stages to 

solve a question and if these expressions are 'unfamiliar' as in example ~8, 

then thelle will adversely influence performance. I" on the other hand there 

are expressions where removal makes the question more abstract as in example 

63, then the e expressions improve performance. 

The balance between preCise formal language and difficult pompous language 

is delicate as is the balance between simple accurate language and brief 

compressed language. 

(t) Passive Voice. 

46 . 

• 

Orislnal Question eX) 

Equal numbers of protons are 
contained in which one of the 
following pairs of particles? 

A. Na and Na + 

B. Na+ and Ne 
-C. Cl and Ar 

D. K+ and Ca2+ 
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• 

Simplified Question ey) 

Which one ot the following 
pairs ot particles contains 
equal numbers of protons? 

A. Na and Na + 

B. Na+ and Ne 

C. cr- alr4-wt 

D. K+ and Ca2+ 



49. 

• 

50 . 

• 

Original Question (X) 

A compound with the formula 
XY3 would be likely to be 

formed from which of the 
folltw1ng pairs of element.? 

A. Phosphorus and hydrogen 

B. Hydrogen and sulphur 

C. Sulphur and ohlorine 

D. Chlorine and carbon 

Original Question (X) 

In which of the following 
would ~ compounds not 
have been decomposed when 
heated separately with a 
bunsen burner? 

A. sodium nitrate, silver 
oxide 

B. lJercury oxide, zinc 
nitrate 

C. potassium carbonate, 
caloium oxide 

D. copper carbonate, 
lithium nitrate 

• 

• 

Simplified Questiop (Y) 

Which of the followlng 
palrs of elements are 
likely to form a compound 
with the formula XY

3
? 

A. Phosphorus and hydrogen 

B. Hydrogen and sulphur 

C. Sulphur and chlorine 

D. Chlorine and carbon 

Simplified Quw.tion (Y) 

Which pair of compounds 
would ~ decompose when 
heated separately with a 
buns en burner? 

S. sodium nitrate, calcium 
oxide 

B. zinc oxide, lithium 
nitrate 

C. copper carbonate, mercury 
oxide 

D. potassium oarbonate, silver 
oxide 

Prom Table XII there were no sisnlflcant changes in any of these 

three Uema . Passive voice may be familiar to the candidates and 

the attempted simplification. do not influence the thinking stages 

that are necessary to solve these questions , 
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1 r 
I Verbal Recognition 

lA Recognizing a Svno~ 

The bird was audible 

A. I t made a noise whi ch couid be heard 

B. It was very beautiful to look. at 

C. It was a long way from home 

D. It was flying very slowly 

11 Diagram Recognition 

-------------------------------------~ 

~'hith drawing shows a pin? 

I r1 -1 
CA) (B) (C) (D) 

LV Sentence COmpletion 

When the pla.'lt was put inside the 
jar of gas, its leaves chan~d 
from green to yellow. 'l'he leaV9s 
were: 

A. adjus ted by the gas 

B. deflected by the gas 

c. displaC1ad by the gas 

D. resis ted by the <Jus 

E. affected by the gas 
I 

o ~ 

o I 

-, 
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Appendix N 

IB Instance Recognition 

Which of the following is a sense organ 

A. the brain 

B. the heart 

c. the tongue 

D. the legs 

E .. the stomach 

t11 COntext Usage 

Which sentence uses the word convenient 
cOrrectly? 

A. Mary found it convenient to do her 
housework at night, when the house 
was quiet. 

B. '!he cook mad~ some soup which tasted 
verY convenien~. 

c. '!he books were sold- to the children: 
the books did not cost much so the 
children were cOnvenient. 

D. Bill was 0 sick, but after a week he fel 
convenient agarn. 

V Gap 'Fillinq . 

Frcm the list of words pick the word that 
best completes the sentence. 

- . 
'!he school held . to see which 
boy could kick a football the longest 
distance. 

A. an argument 0 

B.a substitution 

. C." a compe t1 tion 

DO. oan effort 

E •. an ~rror 



Apt>endix 0 . 

. 
WORDS IN 'mRTIA.~'l TEST 

abnormal converse initial spontaneous 

accumulate convert instantaneous standard 

action correspond invert stimulate 

analysis disintegrate logic uniform 

appropriate distinguish modify valid 

associate . diversity negligble criteria , 

average effect probability hypothesis 

dlaracteristic efficient propagate postulate 

claSsify factor proportion substitute 

concept function rate symmetrical 

consecutive fundamental relevant tabulate 

cont:rast illustrate significant theory 

converge incident simUltaneous 

(51) 

\ 
336 



Word 

ability 
abnormal 
absence 
abundant 
accumula.te 
accurate 

·action 
adjacent 
adjust 
adopt 
advantage 
affect 
agent 
agric ul tu re 
airtight 

·algebra 
alternate 
analysis 
ancestor 
angle 
annual 
aperture 
appl.y 
appropriate 
approximate 

*arid 
ascend 
ash 
assignment 
associate 
asS\llI!-e 
attract 

·audible 
automatic 

:·average 
avoid 
aware 
basic 
bind 
bounce 
boundary 
breed 
breeze 
brittle 
bud 
bulb 
bun::p 
calculate 
camouflage 
canal 
cancel 
capable 

. capaci t:y 

1 

71 
65 
74 
72 
61 
75 
46 
73 
64 
68 
85 
87 
72 
75-
82 
48 
64 
68 
84 
80 
70 
67 
83 
70 
81 
S3 
83 
84 
80 
70 
76 
87 
45 
78 
3S 
89 
88 
87 
SO 
79 
76 
82. 
89 
7S 
89 
84 
8a 
68 
SS 
83 
a3 
76 
82 

• see l.ast page. 

.<; ... ~. 
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\.l I . .cr' Appendix P 

.... ~_ :_~ :;~:"J.~! Pe reen tage corre ct on items at four grade l.eve Is 
(from "Word'S in Science" - P.L. Gardner)U"t2. 

School Form 

2 

79 
87 
78 
82 
70 
79 
57 
83 
75 
82 
89 
93 
80 
82 
87 
58 
82 
78 
87 
85 
78 
73 
88 
79 
79 
72 
88 
90 
87 
78 
as 
'30 
60 
65 
54 
93 
92 
93 
9S 
87 
a4 
86 
93 
86 
91 
92 
86 
83 
88 
93 
91 
84 
88 

3 

88 
93 
eo 
93 
87 
88 
64 
95 
77 
93. 
95 
88 
87 
93 
96 
71 
91 
81 
91 
93 
90 
83 
93 
91 
86 
86 
92 
93 
95 
78 
91 
95 
69 
89 
60 
90 
93 
96 
97 
87 
91 
93 
94 
92 
94 
95 
92 
92 
95 
97 
88 
92 
96 

4 

90 
95 
85 
94 
92 
92 
76 
96 
73 
92 
92 
91 
93 . 
96 
94 
81 
92 
92 
92 
95 
90 
87 
94 
83 
.89 
~2 
92 
94 
94 
84 
87 
96 
75 
92 
61 
94 
94 

. 9'1 
98 
89 
91 
95· 
94 
94 
94 
91 
93 
9.6 '; 
95 
95 
95 
85 
97 , 

Word -----
capture 
caution 
cave 
characteristic 
Chew 
chip 
clamp 
climate 
coarse 
coil 

• coincide 
collapse 
colUmn 
combination 
commence 
compa~e 

• complex 
• component 
• composition 

compress 
··concept. 
•• conception 

conclusion 
Conical 
consecutive 
consist 
consistent 
constant 

.. cons ti tuen t 
construct 

• consume 
contact 
con tatne r 
contents 

* continent 
continual 

**contract 
··contrast 
• contribute 
.convenient 
convention 

• converge 
··converse 

convert 
co-ordina tion 
cord 
core 

·~correspond 
creation 

·crest 
crit,icise 

• crude 
'''1St 

1 

89 
86 

• 81' 
73 
88 
82 
00 
80 
76 
89 
60 
88 
63 
86 
86 
89 
52 
49 
49 
83 
32 
31 
76 
62 
68 
88 

.68 
71 
44 
S6 
47 
87 
80 
87 
54 
89 
39 
51 
58 
83 
61 
58 
38 
72 
81 
87 
SS 
35 
88 
SO 
66 
42 

·87 

School Form 

2 

92 
92 
89 
79 
90 
88 
90 
89 
84 
91 
77 
94 
63 
91 
91 
91 
64 
63 
61 
88 
4S 
44 
S6 
72 
78 
93 
79 

.. 79 
'51 
93 
62 
92 
84 
92 
64 
91 
59 
53 
72 
91 
72 
74 
39 
84 
89 
93 
93 
44 
93 
66 
72 
62 
92 

'3 

96 
92 

·95 
88 
96 
S9 
9S 
89 
92 
97 
90 
95 
73 
94 
96 
94 
77 
76 
81 
93 
61 
63 

. 88 
79 
81 
97 
87 
92 
63 
95 
76 
97 
88 
95 
71 
96 
70 
60 
86" 
97 
82 
81 
38 
88 
92 
94 
92 
58 
95 
72 
79 
71 
95 
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93 
95 
94 
91 
9S 
93 
96 
93 
92 
96 
93 
96 
79 
97 
95 
98. 
82 
87 
91 
95 
74 
74 
91 
83 
88 
91 
92 
96 , 
81 
95 
8S 
96 
92 
96 
·79 
94 
SO' 
68 
89 
97 
as 
87 
41 
91 
94 
93 
90 
61 
98 
74 
83 
87 
97 
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cultivate 76 84 92 92 extreme 79 8a 92 93 
cure 82 as 8a 90 **factor 35 62 67 76 , 
cecay 72 79 83 90 film 64 72 75 84 
cecimal 89 93 93 '95 fin 82 79 81 75 
ce::rease eo 82 96 97 . fog- 66 79 . 75 81 
de fine 74 78 90 97 formation 8a 93 96 96 
deflect 64 75 eo 83 function 88 94 96 .95 
degree 66 78 84 85 * fundamental 53 66 73 75 
=e~ncent 85 92 95 99 generate 67 81 86 87 
cept.~ 82 90 90 95 globe 88 91 91 95 
derive 74 73 84 91 **grain 31 35 39 48 
descend 69 85 92 93 grind 79 85 S9 90 *. ces cendan t 32 47 52 62 hatdl. 82 86 84 87 
description 84 93 95 92 horizon 85 91 92 95 
detect 61 71 73 83 hygiene 88 92 ·97 98 
ce"'ice 67 81 87 8a identical 85 87 84 84 

*cevise 53 65 69 84 identify 82 90 93 95 
diagnose 69 79 90 95 *illu.~nate 49 71 84 .89 
diagonal 69 75 85 86 *illustrate 56 59 70 76 
Cial 88 91 92 93 imagination 7a 82 8a 91 

*dia:ueter 48 67 81 86 *im:nerse 52 62 eo 85 
dimension 77 86 93 9~. : impact· 66 77 SS 87 
disc 83 85 92: 8a *incident - 42 54 54 ·62 . 
tiscuss B4 92 ~5 97 *incline 47 47 61 63 

"disintegrate 18 22 27 38' index. 78 B4 81 89 
disperse '62 74 85 90 indicate 85 91 94 96 
displace 67 72 '73 82 industry 87· 93 97 96 
distinct 71 8S 90 93 inflate 77 83 SS 83 
distribute 79 BS 91 96 influence 63 73 79 90 . 
dis turb OS 89 87 88 in..'labit 84 B4 91 95 

'*di versi ty 49 58 66 78 inhale 98 94 96 96 
'* dO'-:linan t 51 67 81 '88 **initial 35 45 47 64 

dot.::bt 82 91 94 95 inquiry 86 92 93 97 
drain 87 90 93 94 insert 88 90 9S 93 
drought 85 e8 95 93 ins tan taneous 77 "84 92 96 
duplicate 89 93 98 ·96 instru.ment B8 BB 94 94 
edU::lle 77 BS 91 93 intake 71 B2 BS 92 

*effect· 45 46 62 70 intelligence 89 89 91 94 
*efficient 4a 56 68 72 interfere 84 87 90 94 
elastic 74 86 86 86 internal 79 86 93 94 

*e:nit 46 5B 65 79 *intel:pret 56 67 77 83 
en~le 62 76 83 83 intersect 89 94 98 95 
equipment 89 93 9S 96 interval 8a 96 96 97 
equivalent aa 92 93 97 invent 89 aa 95 91 
erect 75 85 91 93 *"invert 45 54 6B 7Q 

essential _63 71 82 86 involuntary 67 00 89 92 
estimate 76 76 B2 89 irritate 69 77 89 86 
evacuate 78 as 94 93 isolate 63 77 90 97 
exact 70 85 B8 SS junction 74 78 87 92 
exception 79 87 93 96 **~atitude 3S 4S 47 52 
excess 70 79 90 94 '**law 39 51 72 78 
excite 69 77 80 .89 layer 77. B3 9S 9S 
exclude 68 79 91 95 leaf 86 SB B7 91 
exert 64 6B S8 B7 leak e7 86 94 95 
eX?and 89 91 93 96 level 79 B4 91 87 
expel 77 B2 87 93 .liberate 54 71 86 90 
experience 88 93 92 97 'limit. 69 81 B6 91 
explode 86 8S 93 94 *linear '52 59 77 80 
expose 70 76 89 90 logic 61 69 70 78 

·external 53 68 82 90 **ltlbricate 37 4S 70 84 
extra B7 . ea 93 91 '. *maq~t tude 50 74 s:; eo ., '. 
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S6 88 96 95 
. ,p ... : . "": • 

ma?orlt:y pl.!:l!p 69 81 . 88 "84 
ma. ... ufacture 74 • 82 91 91 purify 81 92 92 93 
margin 87 92 94 • 96 * * ral'l dam 12 18 36 35 
mate 84 90 92 95 **rate 25 39 47 - _58 , , .• ·I~ mature 74 B2 92 92 *recoil 52 63 71 75 

.-

r:l axi r:l t:r.l 63 74 84 90 reference 67 71 as 93 
measu-'""e 87 86 88 89 refL"le 16 84 88 90 
mediU:::l 81 90 90 94 reflect 62 62 79 80 
cethod 82 87 95 95 regular 69 76 76 25 
mild 75 SS 90 89 *regulate 50 61 7S 82 

*minimt=l 52 67 82 81 reject S9 93 96 97 
t!looile 87 90 96 _ 97 relationship 79 S9 92 94 
modify 57 61 76 87 *relative 41 58 63 74 
moisture S9 S9 94 94 relevant 66 75 84 88 
molten 64 75 86 92 reliable 88 91 94 95 
multiple 70 72 as 90 "repel 58 71 83 88 
multiply S6 S9 94 97 replace 88 94 94 95 
naked 65 68 75 SO * represent 59 74 83 86 

*negative 39 61 73 77 research. 86 94 96 96 
neglect 78 S6 95 92 *residue 57 65 79 81 

*negligble 52 68 62 73 *resist 55 72 79 90-
*neutral 53 61 78 82 resource 64 76 86 86 
observation 74 77 92 89 resi>0nd 72 eo 81 90 
obvious 67 73 83 84 retard 62 80 81 90 
occasional 89 93 98 92 **revise 33 40 50 58 

84 83 90 93 \ rigid 60 68 82 as :.' occur 
*omit 42 ·59 74 81 rim 81 S6 94 92-
operate 88 92 95 90 rotate 83 91 95 93 
opinion 83 87 93 92 *rO'rI 53 49 SS 57 
oppose 68 71 84 82 rule 78 84 83 88 
origin 64 78 87 81 scale 76 as 95 94 

"'outlir.e 56 70 00 ·so scratch 88 88 95 93 
overCO:::le 85 92 95 90 screen 81 89 90 92 
overhead 88 91 90 88 sea weed 88 92 93 94 

*partial 39 51 59 68 section 61 65 76 86 
particle 82 84 94 86 *sense 41 53 65 68 
penetrate 76 84 91 94 sensitive (to light) 64 68 83 82 
per 88 86 88 91 sensitive (instrument) 75 79- 86 88 

·percentage 41 51 49 55 * sequence 51 63 63 eo 
perDanent 76 84 89 90 sign 79 87 90 92 

*perpendi cular 47 67 84 81 significant 83 86 93 94 
·phenccenon 56 59 73 81 simplify 78 86 91 91 
pierce 87 90 95 91 *simultaneous 54 66 71 77 
pivot 82 87 91 92 si:nk S6 91 91 88 

*plot 51 81 90 95 smear 74 80 89 93 
positive (test) - 64 72 78 81 source 79 89 94 94 

*posi ti ve (number) 42 S6 92 92 spark 88 91 95 94 
practise 87 91 98 93 spiral 76 82 89 89 
predict 71 as 93 94 splint 87 90 92 92 
preparation 14 78 85 82 * *spontaneous 15 26 39 45 
presenc:s 74 84 92 92 stable 85 93 95 94 
previous 64 72 84 89 stagnant 6~ 69 79 87 _ 
primary 63 71 76 83 stain 64 81 86 90 
primitive 67 65 B6 86 ·standard 41 50 72 76 

*probabili ty ; 52 58 68 76 stationa%'Y 85 93 95 95 
procedure 81 88 94 94 steady 87 93 91 94 
process 66 76 84 91 ·stimulate 43 49 57 71 
profile 67 81 8a 90 structure 88 92 97 96 
proof 77 87 87 90 submerge 70 76 82 as 
-propagate 67 69 70 71 substance 87 96 94 94 
propel 84 90 .gO 93 sul:)!; ti tute 64 76 87 8t 
proportion 65 67 74 81" successive 79 88 93 $6 
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sudde G3 ·69 8\ 70 
s~"!lary 85 89 95 98 
suspoend 62 72 ·84 87 

"sjl.:!:>ol 54 73 84 91 
* ... sy::=e tri cal 23 35 48 60 

system 70 77 85 84 
systematic 78 93 94 93 
t~le 80 88 95 95 
ta!:>ulate 75 78 89 93 

"'ta.1k 43 56 56 65 
te~pora:ry 66 73 80 90 
~:id S2 87 94 94 
ter..slon 75 78 67 93 

* textbook 55 63 66 80 
theory 67 78 78 74 
t.'lrust 69 77 83 88 
tice 77 82 92 90 
to?ic 48 59 61 66 
trace 85 90 91 92 
tr~"'l.Sform 78 85 91 8a' 
transmit 85 84 95 96 
treatment 67 75 79 86 
t-""Ough 85 86 91 95 
t1.:be 77 83 91 90 
tweezers 81 61 92 93 
typical 77 87 93 97 
t:."\iform 73 67 87 96 
\.:?set 85 94 94 96 

""valid 30 50 65 79 
variable 80 90 93 96 
variety 87 93 96 97 
vertical 64 72 84 87 

* .... -essel 56 70 78 90 
vigorous 82 84 92 93 
violent 84 89 96 96 
vital 61 75 85 91 
vocal 71 83 '91 94 
weed 80 86 91 90 
wilt 78 82 90 90, 

• Stueents at first form level scored 40-60' 
co::rect on the i tet:! testing the word. 

*. Stueents at first form leve~ scored less than 
40\ correct on the item testing the word. 
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School forms 1,2,3 and 4 equate 
approximately with ages 12,13,14 
15 respectively. 
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Non-technical l'!ords in Science 

INSTRUCTION SHEET 

(a) Preparing the Test~. The number of questions in your test will depend 
on the lengtil of time you have available. There is no need to have 
questions in any particular order. nor to give it as one big test. '!he 
number of copies of each test which you duplicate will depend on the 
number to be tested at anyone time. There is no real advantage in 
testing all your sample at the sa.lle time. 

(b) Administering the Tests. It is important to explain to candidates why 
they are being assessed in this way, so that they will take the exercise 
seriously. '!he type of answer grl.d used should be familiar to the 
cruldidates. Do not discourage guessing, apply usual test discipline. 
Allow time for all candidates to att.empt all questions. 

(c) Harking and Collecting Information for Response Sheets. With large samples 
some fonn of computer-assisted marking of answer grids would be an 
advantage. Check that the programme provides number of candidates 
selecting each response for each question. With small class samples 
the number of candidates selecting each response for eac~ question 
could be readiJl.y obtained by a show of hands. . 

It is hoped that these very general points are of some assistance. With 
j.nterested people in so many varied situations it is impossible to be more 
specific. In general it is hoped that the exercise will blend in with norma.l 
instruction and normal procedures within your institution. 
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Appendix R 

RESPONSE SHEET 

1. Unless otherwise stated it will be assumed that all groups are 
following a science course. 

.. 
2. Use one sheet for each word t~sted. In rectangle ~ write the 

word in the top left-hand cc~~er and set out the complete question 
used underneath. In rectangle B record your results as numbers 
in the appropriate column. The'Groups 1 to 7 refer to age bands. 
Group 1 corresponds to the f.i.rst year of a secondary school with 
entry-at 11+ years of age, Group 7 is therefore the upper or 
second-year sixth form. If your school is a 13-18 years school 

. the results of your youngest form would therefore be entered 
against Group 3 •. The youngest form in a Scottish school would 
usually be Group 2. 

3. Indicate the correct respo.nse with an asterisk (*) 

4. An example of what is required is attached. 

Please remember to enclose clear identification of your name, 

school and address. 



RESPONSE SHEET 

ABSENCE 

The absence of light made it hard for the boy to see. 

A. There was a small amount of light 

B. The light was shining in his eyes 

C. There was no light 

D. The light was very bright 

Number Selecting 

Year Group 

A B *C D E F 

1 10 12 52 9 - -

2 10 10 60 1 - -
• 3 6 2 40 2 - -

4 5 2 44 0 - -. 
. 

5 3 1 46 0 - -

6 1 0 19 0 - -
7 1 0 19 0 - -
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RESPONSE· SHEET 

Number SelectIng 
Yeer Group 

A 0 C D) E .: F 

r 1 

2 

3 

4 

5 

6 

7 
-
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