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AN INVESTIGATION INTO OBJECTIVE TESTING IN SCIENCE

IN A SCOTTISH SECONDARY SCHOOL

This thesis surveys the literature on objective
testing with particular reference to work done in the
area of multiple choice testing.

The history of the ObjectiVe Testing movement is
traced from the intelligence tests constructed by Binet
in Prance to the present day and includes a survey of
the use of multiple choice tests in Science examinations
in British schools today.

The experimental work in the thesis was carried
out on first and second year pupils in a comprehensive
school who were following the Integrated Science
Syllabus, Several aspects of the use of multiple
choice tests were investigated beginning with an exam-
ination of the effect of changing initial responses on
multiple choice tests. It was found that pupils gained
marks by making these changes more often than they lost
marks, This was found to be true for both boys and
girls,

To investigate the effect of rearranging the
responses within a multiple choice tests three rearrange-
ments of items were made and the results of the
rearranged test compared with the original test. The
following rearrangements were investigated:-

(a) Reversing the order of the distractors while keeping
the key in the same position;

(b) Placing the key in one of the last two positions
in a five choice item, when previously it had

been in one of the first three positions;

(e) /



(c) Altering the position of the most plausible distractor
to a position immediately before the key.

No significant results were obtained except when the
most plausible distractor was placed immediately before
the key.

To investigate the effeet of item arrangement within
multiple choice tests, two forms of the same test were
constructed, one having the items arranged in the easy
to difficult order and the other having the items arranged
in the difficult to easy order. The marks were slightly
higher for the difficult to easy form of the test.

A preliminary investigation, into a scoring
method which allowed for partial knowledge, was carried
out and the results suggested that it may be possible
to adopt it for use in schools.

Vern
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ABSTRACT

This thesis surveys the literature on objective
testing with particular reference to work done in the
area of multiple choice testing.

The history of the Objective Testing movement is
traced from the intelligence tests constructed by Binet
in France to the present day and includes a survey of
the use of multiple choice tests in Science examinations
in British schools today.

The experimental work in the thesis was carried
out on first and second year pupils in a comprehensive
school who were following the Integrated Science
'Syllabus. Several aspects of the use of multiple
choice tests were investigated beginning with an exam-
ination of the effect of changing initial responses on
‘multiple choice tests. It was found that pupils gained
marks by making these changes more often than they lost
- marks, This was found to be true for both boys and
girls.

To investigate the effect of rearranging the
responses within a multiple choice test three rearrange-
. ments of items were made and the results of the
rearranged test compared with the original test. The
following rearrangements were investigated:-

(a) Reversing the order of the distractors while keeping
the key in the same position;

(b) Placing the key in one of the last two positions
in a five choice item, when previously it had
been in one of the first three positions;

(c¢) Altering the position of the most plausible distractor
to a position immediately before the key.

No significant results were obtained except when the
most plausible distractor was placed immediately before
the key.

To investigate /
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To investigate the effect of item arrangement within
multiple choice tests, two forms of the same test were
constructed, one having the items arranged in the easy
to difficult order and the other having the items arranged
in the difficult to easy order. The marks were slightly
higher for the difficult to easy form of the test.

A preliminary investigation, into a scoring
method which allowed for partial knowledge} was carried
out and the results suggested that it may be possible
to adopt it for use in schools.,
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CHAPTER 1

INTRODUCTION

Multiple choice items are currently the most
widely used form of objective test item. They are
adaptable to the measurement of many important educational
outcomes -~ knowledge, understanding, judgement,
ability to solve problemé, to recommend appropriate
action, to make predictions. However, like most forms
of assessment they are not without their critics.

The most general criticism of multiple choice
questions is that they punish the highly able student

while rewarding the less able student. Barzun(l)

was
one of the earliest exponents of this view, He has
observed that it is the best student who goes down

one grade and the next best who goes up as a result of
multiple choice tests. One of the reasons the critics
give why multiple choice items discriminate ggainst

" the first-rate student is that such questions are
frequently ambiguous. Hoffman(Z) suggests that
difficult questions which are meant to distinguish among
the better students are difficult for this reason.

In order to select the so-called 'best' answer, the
student must often try to guess what the examiner wanted
when he constructed the item. This procedure, Hoffman
contends, puts the first-class student in a 'mental
strait-jacket', On the other hand, the student who

is willing to conform to the 'one best answer' norm

is rewarded with a higher score .

In this introductory chapter research findings
on the following aspects of multiple-choice testing
will be reviewed:-

1, The Effect of Guessing
2. The Assessment of Partial Knowledge
3. The Effect of Initial Response changing

4. /



4., The Effect of Item order alteration
5, The Optimum Number of Alternatives
6. The Position Response Set.

L)

1. The Effect of Guessing

Almost since the introduction of multiple choice
tests into the field of educational measurement,
teachers have been concerned about the guessing factoér.
To prevent guessing, correction formulae of varying
degrees of complexity were d eveloped. All were
variations of the original method of subtracting the
number of wrong responses from the number correct,
ignoring omitted items, and considering the remainder
as the significant number. More recently Traub,
Hambleton and Singh(B) suggested the addition of some
fractional number of points for omitted items as a more
direct and effective method of eliciting the desired
test-taking procedure. They presented evidence of
higher inter-form reliability and an "increase in the
. number of omitted items for the 'reward for omits'
instructions as compared with the 'penalty for wrongs'
instructions". It would seem reasonable that more
examinees would prefer the direct positive reinforcement
of omissive behaviour approach to the less direct negative

approach.

A In another study, Waters and Waters(4) compared
~these two approaches and a third 'rights only' scoring

method, in terms of -

a) how well each method is liked by examinees;
b) the correlations of scores obtained under each
method with test and course performance criteria.

All the examinees were given the same "instructions for
answering the items. In addition, three sets of
instructions concerning the scoring of the tests were
given, The scoring procedures (in terms of the

weights for 'rights', 'wrongs' and 'omits' , respectively)

were /



were (19090)9 (0,-%,0) and (190’%)-

In general, they found that more items were
omitted under both the 'bonus for omits' and 'penaltly
for wrongs' instructions than under the 'rights only'
instruction. No significant differences were found
in the correlation of scores obtained under the
instructions with test and course performance criteria.

However, the sections of the test taken under
the 'bonus for omits' instructions were liked better
than those taken under the 'penalty for wrongs' instructions.
In a similar study Taylor(S) found that there was no
significant effect attributable to instructions in a
multiple choice mathematics examination,

Those advising against the use of correction
formulae have used two major arguments. Little(6)(7)
and Edgington(S) have argued that correction formulae
should not be used because they treat mistakes produced
through misinformation as though they occurred by
chance; ofhers, Ruch et al(g) and Jackson(lo) have
argued that correction formulae do not alter the rank
assigned to students sufficiently to warrant their
continued use., They point to the high correlations
between corrected and uncorrected scores as evidence
to support their contention. In addition, Gulliksen,
Frederiksen(lz) and Lord(l3) suggest that as pupils'
responses to items are non-random, even when they guess,

(11)

no correction for random guessing is necessary as long
as the test is of an appropriate level of difficulty,
and. is not markedly speeded, and the instructions do
not direct the pupil to guess wildly.

The majority of the research into guessing has
been done in America and has been restricted mainly to
students in the field of Education and Psychology. In
Britain there has been some work done into guessing
in school science examinations.

Mathews /



Mathews(14)
than it is sometimes made out, he further adds that

sees guessing as less of a problem

random guessing is rare; candidates who know any
chemistry at all will attempt to assess the merits of
alternative answers, He concludes by saying that

this latter sort of speculation is not without some
merit, as without the intelligent guesser science would
never have got off the ground. This view issupported

(15)

by Hudson who also emphasises the place of inspired

uesswork in scientific research. Handy and Johnstone
16) maintain that answers to multiple choice questions

. per se cannot show the line of thought that led the
student to choose a particular response, and in a further
investigation(l7) found that most correct answers were
selected validly, the number of students guessing

blindly on any one particular question beihg very small,

In general, a course examination is set in order
to measure the present achievement of students -
their knowledge of course content, or their ability to
use the knowledge they have gained in relevant problem
situations. If a penalty for guessing instruction
is added to an ordinary multiple choice examination, a
new set of decisions faces the individual student.

For example, such questions as "How certain am I of
this answer?", "What is the probability of my being
correct?", "If the probability is four-to-one that I
am correct, then am I better off to guess or omit the
item?", Ability to 'figure the odds', subjective
levels of confidence in own judgement, and willingness
to gamble or to take a chance, are among the variables
which might be expected to influence the result of a
test where there is a correction for guessing.

2. The Assessment of Partial Knowledge

Multiple choice items can probably be made more
effective if they are modified to give the examinee
partial credit for partial knowledge. The related
problems /



problems of guessing and partial knowledge have stimulated
quite a lot of consideration by examiners who are dis-
satisfied by the limited amounts of information conveyed
by responses to multiple choice items. Two methods

have been proposed as ways of assessing partial knowledge.

a) Differential weighting of response alternatives;
b) Confidence Testing.

a) The effects of assigning different weights to
different options on multiple choice items have been
investigated both theoretically and empirically by
Davis and Fifer(1®) and aitken.(1®)  one result of
allowing partial credit for options that are not absol-
utely correct is an increase in the total score variance
and, consequently, test reliability. However, Davis
and Fifer(ls) have found that this procedure does not
appear to alter the test validity significantly.
Willey(zo) claimed several advantages for a special
kind of five-option item which he labelled as a "three-
decision-multiple-choice item". The examinee's task
" on this type of item is to indicate which one of the
five options is definitely correct and which two
options are definitely incorrect. In scoring the item,
three points are given if the examinee indicates that
the correct response is 'definitely correct', two
points if he does not select the correct response at
all, and no points if he indicates that the correct
response is 'definitely incorrect'. Effectively,
then, the three-decision item requires the examinee

to sort five options into three categories, an item
being scored 3, 2 or O points d epending on the category
into which the examinee places the correct response,
Willey claimed that this method appeared to favour the
conscientious examinee over the one who was superficial
and impulsive. An added benefit was that standard
multiple choice items constructed according to accepted
principles of item construction were used.

Bernardson /



(21) compared the three-decision multiple

Bernardson
choice test and the conventional multiple choice test
in terms of their relationship to a criterion of academic
achievement (the average mark obtained by each student
in his courses for the year). His results showed that
the three-decision multiple choice test was no improve-
ment on the conventional multiple choice test in terms
of the relationship of the test scores with academic
achievement. Previous research by Coombs et a1(22)
with a similar technique for assessing partial know-
ledge reached the same conclusions. They used aptitude
and intelligence as their reference variables but
failed to find a higher correlation between the experi-
mental scores and the reference variables than between
the conventional scores and the reference variables.
It is possible that questions with five responses might
not be the best form of the three-decision multiple
choice test, because with five responses most students
can find at least two which seem definitely wrong. As
a result, good students and poor students alike are not
. likely to lose points by designating a response which
is actually correct as one of the definitely wrong
responses. The three-decision multiple choice test
with questions having four responses seems like a
better form because the examinee has to make a judgement
about each of the responses. This is true even though
he only marks three of the responses because the one
response he does not mark has to be the one he thinks
is most likely to be correct if his choice of the
correct response should happen to be wrong.

Arnold and Arnold(zs) have produced a scoring
procedure for multiple choice examinations which allows
for partial knowledge and also allows the examiner to
control the expected gain due to guessing. This
procedure is based on elementary games theory and in it
the examinees are instructed to give the smallest set
which they are confident contains the correct resvonse.
A penalty will be received if the correct or 'best!

response /



response is marked out as an incorrect response.

This procedure then allows the examinee to receive
credit for partial knowledge, the credit being greater
the more 'incorrect' responses that he can eliminate.

b) One valid criticism of multiple choice tests is
that they do not represent problematic situations very
well, If one wishes to sample subject responses related
to incomplete information or uncertain knowledge or
degree of preference, questions calling for single
correct responses are perhaps not appropriate. Asking
a student to select a single response compels him to
commit himself entirely to a position which he may not
be able to do on the basis of his experiences and
information. He may not express his certainty over
the responses offered him.

Rippey(24) has suggested a system for responding

to and scoring multiple choice tests which asks students
to express their distritution of preference for options

as well as their certainty in that distribution. He
b states that one of the options available to the test
constructor when confronted by partial knowledge and
uncertainty is to adapt conventional items to confidence-
scoring‘procedures or use intrinsic items.

Intrinsic items require a distribution of belief
over the options on a multiple choice test and do not
have unique correct responses, Intrinsic items reflect
realistically situations which require choices among a
finite number of responses none of which is uniquely
correct. Such situations are common and characterise
the boundaries of fields of knowledge, and conditions
of incomplete information. Rippey has devised a test
which contains such items (see Appendix 1). Hambleton
et 21(2%) have compared the reliability and validity
of the two methods of assessing partial knowledge,
namely, differential weighting of response alternatives
and confidence testing which they regarded as having
the /



the same goal -~ the assessﬁent of partial knowledge.
Results showed that the confidence testing procedure
yielded the most valid and the least reliable scores.
Of the two sets of differential weights used the first
set produced scores with higher validity, but the
second set produced scores with greater reliability.
Conventional Testing (used as the baseline) produced
scores with the least validity and with as much
reliability as the scores yielded by the second set of
differential weights.

Although the results suggest that both expéri—
mental procedures, and in particular the confidence-
testing procedure, may be the means to improve validity,
~such a conclusion cannot be given any substantial degree
of confidence for two main reasons - the small
sample sizes tested and the non-significance of the
differences in validity.

Much current dissatisfaction with conventional
scoring stems from the feeling that it seems inappro-
priate to require a student to pick a single response
when a2ll of his information and intuition tells him
that he is not that sure of himself. Current practice
does not allow a student to make use of his knowledge
of his uncertainty, and it might be argued that, at
times, a knowledge of our uncertainty may have
considerable value. '

At least a modified testing procedure might teach
a student to play a different kind of game than he has
been learning to play under the usual multiple choice
test situation. He could have a greater choice in
expressing how he feels about each item. He could be
penalised more for making a dogmatic choice than for
honestly assessing his uncertainty.

Intrinsic items seem appropriate in exploring
strategies of students confronted with problematic
-situations /



situations or incomplete information. They require
that attention be given to the agreement of criterion
group responses, thus almost forcing test constructors
into the question of validity. But most important, it
seems that some items of this sort should be included
in examinations simply because they suggest that not
all questions worth asking have single, impeccably
defined answers.

3, The Effect of Initial Resvponse Changing

Students have frequently asked teachers whether
it is advantageous to change initial answers on multiple-
choice tests provided time permits a second consideration
of at least some of the items. Many students have -*
received the reply that first impressions are the
best; others have been told that a second consideration
of an item is likely to be better than the first.
In one investigation Matthews(26) reported that a
majority of students questioned on the issue believed
it better not to make such changes, possibly indicating
that they had been previously so advised. Many authors
give advice on changing responses. Horgan and Deese(27)
after telling students to look carefully for errors,
state: "When you re-read your examination paper, you
will probably be tempted to change some of your
responses. We have some sound advice on this point.
If you feel strongly that a response should be changed,
change it. On the other hand, if you waver between
two responses, not being able to make up your mind, do
not change the response you set down originally."
Dresel and Jensen(zs) concur by saying: "Do not change

any of your responses unless you find you have made an

obvious error." . Frederick(29) says: "Your first thought

is generally best. This is a very good rule to
follow in taking a multiple choice test ...... If the
student has time to think, he may forget the broader
aspect which the teacher meant Lim to take and get
mixed up by details," Ehrlich(Bo) tells students not

to /
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to panic late in the test: "You take a real risk of
ruining correct answers." Armstrong(SI) also states:

"If there is any doubt, leave your first response.,"

In a check of student opinion, Lynch and Smith(32)
found that 75% of students agreed that re-reading tests
and changing responses based on reconsideration of items
would tend to lower their scores,

Since both students and written sources strongly
favour not changing responses, it is reasonable to
expect that a scientific basis for these opinions exists.
In fact, literature dating vack to 1928 indicates just
the opposite. Lehman,(33) Lowe,(34) Matthews,(26)
Berrein(35) and Reille and Briggs(36) report that
changing responses (probably based on reconsideration)
tends to raise scores. It is this latter view which
will be investigated later in this thesis.

4, Item Order Arrangement

It is generally accepted practice for examiners
to arrange the items in a multiple choice test in order
of increasing difficulty. One obvious reason for this
practice is that it increases the probability that an
examinee will succeed on the earlier items and thereby
gain confidence for the more difficult items later in
the test. However, tests are not always constructed
in this way. '

There is some evidence that the order of items
in a multiple choice test has an effect on test perfor-
mance, MacNicol(37) found thét when items were ordered
from difficult-to-easy, the mean number of correct
responses on the test was significantly lower than the
mean number of correct responses obtained when the items
were ordered in one of two other ways; from easy-to-
difficult and at random., These results were obtained
for a test administered under essentially power

‘conditions.

Flaugher /
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Flaugher et al(38) discovered an item order effect
in their work but under testing conditions where one
would more likely expect the effect to occur., They
found that when easy items appeared later in a test
they were not reached by some examinees. In other
words, if the test is speeded it is clear that the
difficult-to-easy item order would disadvantage slow
students since they would not have a chance to answer
the easier items. Brenner(39) and Sax andACromach(4O)
have found that item arrangement influenced test per-
formance significantly but this only held true for speed
not power tests.

In contrast to these four studies, several other
researchers Huck and Bowers,(4l) Marso,(42) Monk,(43)
and Munz and Smouse(44)(45) have failed to observe an

jtem order effect.

Three points should be made in respect of these
latter investigations. Firstly, the researchers do
not report whether or not the students actually took
the items in roughly the same order that they were
presented in the test. While it would normally be
reasonable to assume that students attempt items in the
same order which they are presented, this may not be
the case when items appearing early in'the test are on
the difficult side. Secondly, there is no information
on the variation of item difficulties in their tests.
If the range of item difficulties is small enough it
would be surprising to observe an i tem order effect.
Thirdly, it is not at all clear from the descriptions
of their research how important the students perceived
the test to be.

One plausible explanation of the item-order
effect, if it exists at all, has been offered by
Mollenkopf.(46) He argued that fatigue and pressure
to finish could account for the poorer performance on
easy items when they appeared later in the test.
Another /
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Another énd perhaps more interesting possibility is
that personality characteristics of individual students
hinder their performance on items in the difficult-to-
easy order, One such personality characteristic which
has been found to influence test performance is anxiety.

Phe existence of this so called item-order-effect
will be investigated later in this thesis.

5. The Optimum Number of choices

Tversky(47) has presented mathematical proof that
given a fixed number of choices oh a multiple choice
test, the use of three choices at each choice point
will maximise the discrimination and power of the
test. Empirical support for this proof could be of
considerable practical importance, since in constructing
multiple choice tests examiners commonly prefer items
with more than three choices in the expectation that
by doing so their tests will be more discriminating.

Unfortunately, very few empirical studies have
been carried out which are directly relevant to Tversky's
proof. Pressey,(48) reported that in a psychology
course taught with auto-instruction devices, three
choice items were more efficient than four choice items
inkmeasuring gains in knowledge, however, neither time
nor the number of alternatives was systematically
controlled. TEbel and Williams'49) found that by
deliberately discarding the least discriminating
distractor in a four choice item they could obtain dis-
crimination indices and reliabilities which were about
equal to those for four choice items. They also found
that students could complete three choice items more

rapidly than four choice items,

In a study involving aviation cadets, Zimmermén
and Humphrey's(So) found that by eliminating the most
poorly discriminating distractors in five choice items,

they /
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they could improve the reliability of the test and
furthermore the time per item on the test was reduced

considerably.

Similar work by Ramos and Stenon(5l) using French

and Spanish reading tests came to the same conclusion.

In a study involving double choice items for
measuring achievement on psychology courses, Smith(sz)
discovered that such items were highly reliable, but
he did not make any direct comparisons between them and
other types of items.

On a theoretical level Ebel(53) has predicted,
according to a formula he developed, that an appreciable
increase in the reliability of a multiple choice item
will occur when the number of choices is increased
from two to three, a smaller increase when four choices
are used, and a still smaller increase beyond that
point.

Although suggestive, none of these studies provides
direct evidence of the empirical validity of Tversky's
proof. In order to gather such evidence Costin(54
carried out a study in more controlled conditions than
the previous studies. He found that the mean dis-
crimination indices for three choice items were consider-
ably higher than for four choice items, test reliabilities
following the same pattern. In a further study,
Costin(SS) found th=se measurements to be slightly
higher. These findings do not demonstrate, of course,
that any three choice test will automatically be more
discriminating than any four choice test. For one thing
the study was restricted to items which measured know-
ledge of empirical generalisations. If the same
procedures were used to measure higher levels of cognitive
achievement - the kinds of tasks which Bloom(56) and
his associates have classified under the rubric of
'skills' (e.g. interpreting and applying knowledge) -
then different results might occur. It should also be

kept /



kept in mind that these two studies compared only two
types of multiple choice item. Further investigations
have to be carried out which would expand these
comparisons by including two choice items and perhaps
five choice items as well,

6. The Position Response Set

Several investigators of position response sets
(i.e. the tendency to select a particular alternative
when the correct response is not known) in multiple
choice tests have yielded contradictory results.
Cronback(58) concluded that multiple choice tests are
relatively free from position response sets. He
analysed questions from psychological tests and found
no evidence for the response set, However, McNamara

(59)

among examinees to favour certain response positions

and Weitzman report that a tendency does exist

to the neglect of others. Their findings suggest
that the difficulty level of a multiple choice item is

' influenced by the position to which the correct response

has been assigned. They found that for five choice
items, those items having correct responses in the
fourth position are the most difficult, those with
correct responses in the second and third positions
are the casiest, and the first and fifth positions are
of moderate difficulty.

Their results for four choice items, show that
the third position is the most difficult and that
difficulty increases from the first to the third
position, and decreases with the fourth. This finding
is interpreted as being in agreement with the results
for five choice items in that the penultimate position
was always found to be the most difficult. This would
suggest that both the first and the last choice in an
item are more outstanding than the middle three (or
- two as the case may be), these inner choices become
less noticeable and are less likely to be selected.
Another /
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Another possible explanation offered by McNamara and
Weitzman is that an examinee going through the list,
without making a choice, is more likely to select the
last choice rather than go through the list for a
second time. This, however, is not sufficient to
explain why the penultimate position was always found
to be more difficult than the rest,.

On the other hand, Marcus(so) has found that

multiple choice tests are relatively free of position
preferences and suggests that it is the position of the
most plausible distractor that more logically accounts
for any significant response bias than does a positional

preference.

Jessell and Sullin56 in a related investigation
to study the effects on reliability and performance of
keyed response option sequencing, that would be
extremely unlikely under a random model, found that
even the most extreme of these forms (fourteen consecutive
items with the same keyed option) did not differ
- significantly from an 'ideal' arrangement with respect
to performance and reliability. They concluded that
efforts by test constructors to follow an elaborate
scheme of random permutations in cyclic order, or any
other elaborate plan for arranging the correct response,
was unwarrented.,

In view of the fact that much of the research
into multiple choice testing has been done in America
mainly with university level stucdents of Education
and Psychology, it is the aim of this thesis to
investigate the relevance of these findings to multiple
choice testing in school science at the present time.

The results of the investigation should be of
interest to multiple choice test constructors in science
- Dbecause of the fact that more pupils of a wider
range of ability are being presented for the S.C.E.
exaninations in science. It will, therefore, be of
value /



'value to find out to what extent these American research

findings apply to younger pupils in a comprehensive

school situation. To this end the following aspects

of multiple choice testing will be investigated.

1.

3,
4.

A brief survey of the history and use of objective
tests and the extent to which multiple choice
questions are used in school science examinations

-at the present time. |

The effect of altering initial responses on
overall test performance.

The Item-Order effect.

The effect on multiple choice test statistics of

" altering the positions of keys and distractors
within items.

A method of scoring multiple choice items based on
partial knowledge.

In all the above topics reference will be made to
the relative performances of boys and girls.

17
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APPENDTIX 1

Rippéy'é(24) Examination using intrinsic Items

The student is given a description of an experi-
ment to read, then he is given the following:- '

a) You select the correct answer with certainty on
those items which have unique correct responses.

b) You express your honest degree of confidence on
those items which do not have unique correct

' responses.

¢) You do not choose your numbers randomly. If you
have no preference for any of the responses,
give each response the same numerical value,
i,e, 1,1,1.

If you like all of the responses equal ly well,
. mark the answer sheet as follows:-

a. 3
b. 3
c. 3

If you like none of the responses, mark the
answer sheet as follows:-

a. 0
b, O
c. O

If you like just the second answer and none of
the others mark -

a. O
b, 9
c. O

If you like some answers better than others,
respond with a digit from O to 9 which will express
your odds on that answer, For example, if you 1like
answer 'c,' three times as much as answer 'b.' mark -

a. /



a, O
b, 3
c. 6

Items which call for a distribution of confidence
can be computer scored by means of a Euclidian Scoring
Punction.
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CHAPTER 2

THE HISTORY OF THE OBJECTIVE TEST MOVEMENT
AND THE PRESENT DAY SITUATION IN
SCIENCE SUBJECTS

2.1 The origin of the objective test movement may

be traced to the Intelligence Tests pioneered by Binet
around the turn of the century in France. In 1910

the Binet tests crossed the Atlantic with the translation
and adaptation done by Goddard, director of a training
school for retarded children. Soon afterwards, Terman
at Stanford University gave to one of his post graduate
Students, Otis, the assignment of adapting the Binet
test to the children in America. The Binet test
consisted of free-response exercises or observation of
responses to assigned activities and had to be admin-
istered invividually. Otis replaced the individual
test items with multiple choice items in which the
subject was to pick the correct answer from among

~ several choices. This modification permitted the

test to be given to large groups of children.

There are several significant points in this
adaptation of the Binet test:-

(a) The test could be given to a large group.

(b) It was objective.

(e¢) It could be scored reliably.

(d) Collection of the data and statistical treatment
made possible the study of groups and inter-
group comparisons.

The next impetus to objective tests came as a
result of World War I and the development of what came
to be known as the Army Alpha Test, which solved the
problem of testing quickly and reliably millions of
servicemen. The factors which gave the initial impetus
to the development of objective tests was present to an
even /
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even larger extent in the American educational system
after World War II, with the rapid expansion in the
education system especially at secondary school level,

2,2 Within this educational environment, educators

in many fields in the schools were e xperimenting with
and using objective t ests. It was at this time also
that nationwide testing organisations were founded v
including the American Council on Education, the College
Entrance Exam Board, and the Carnegie Foundation for

the advancement of Teaching. In 1947 these three
organisations merged to found the Educational Testing
Service. The E.T.S. provides current tests and
develops new tests, It conducts research into all
aspects of testing and calls upon substantial numbers

of teachers to advise it upon curriculum aspects of
testing. Much of this testing is in the form of
objective~-type tests because they can so obviously be
checked, pre-tested and analysed. But E.T.S. is not
by any means restricted to objective testing. It aims
- to cover all areas and all forms of testing, including
essay-style testing. A separate division of E.T.S.
provides an Evaluation and Advisory Service, This
department s tands ready to advise on the current
availability of suitable tests for a given purpose;

on the interpretation of test marks derived from class
or training centre sources; and on the methods by
which an educational institution, or a training organis-
ation could produce its own testing scheme.

2.3 Mention must be made at this point of the work

of Sir Godfrey Thomson in Scotland. Sir Godfrey was
one of the early pioneers in test construction and his
Moray House Tests set standards which have been followed
by many others both at home and abroad. The tests get
their name from the fact that the University Department
in which Sir Godfrey worked was housed in the same
building as the Moray House College of Education in
Edinburgh. Although the tests are no longer produced

in /
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in Moray House the name is retained as a kind of trade-
mark, Moray House Tests are actually produced by the
Godfrey Thomson Unit for Educational Research,

In fact, when in the autumn of 1931 the Scottish
Council for Research in Education Mental Survey Committee
decided to give a Group Intelligence Test to all the
1921 age group of Scottish children, but found that the
expense of buying published tests was too great, Sir
Godfrey Thomson placed the Moray House Tests at the
disposal of the committee, and test Number 12 was chosen.
As however, it had been designed to spread out the
able more than the dull children, it was also decided
to supplement it by picture tests given with oral
instructions. The complicated marking system was also
modified.

There were two events of significant importance
in the field of objective testing which were held in
1967,

2.4 In May 1967 an International Workshop was held in
West Berlin to discuss the possibilities and limitations
of educational testing. Twenty-eight countries sent
representatives, who came from all five continents,
Educationalists in all twenty-eight countries were
considering reforms in their methods of examining
candidates, The major countries especially interested
“in objective testing included America, Japan, Sweden,
Argentine, Chile, Germany and the Netherlands.

2.5 In the same year, the International Association

for the Evaluation of Educational Achievement,

published its first report based on objective t esting.

The council of this association had been formed in

1960. Its first project was to attempt to establish
evaluation techniques which would be acceptable inter-
nationally. It was hoped by this methodological approach
to be able in future to undertake more meaningful

comparative /
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comparative education studies in such problem areas
as failure at school and the internationally comparative
_ meaning of examination results.

The Association decided to undertake a study of
a measure of achievement in mathematics for children
aged 13+ in twelve different countries including
Scotland, England, Japan and Israel, It was obvious
that with countries of such widely different educational
systems, social structures and languages, extreme care
would have to be taken about the style of the test to
be administered to the selected children in the twelve
countries, In the event, the tests were objective
in style, were of the multiple choice type and contained
five choices, This study was the first thoroughly
researched undertaking into the measurement of achieve-
ment of children in a given subject from widely differing
educational systems. The Association has now under-
taken similar internationally comparative studies of
achievements in other subjects such as science and
- reading comﬁrehension. The Science test was given to
three age groups corresponding roughly to the late
primary, early secondary and late secondary stages as
we know them in this country. The Science test as given,
for example, to 14 year olds in each of the nineteen ‘
particim ting countries consisted of two multiple choice
papers each of forty items with a time limit of forty-
five minutes, The tests contained a variety of questions
on Chemistry, Physics and Biology.together with a few
questions on the Earth Sciences. The results showed
that there were different levels of achievement in
science among the participating countries, and that
this may be due, at least in part, to different emphasis
being put on the different branches of Science within
these countries.

The International Baccalaureate, after several
years experiment, held i ts first full examination in
May 1970. The following subjects included an objective
test component: Economics, Biology, Mathematics and

the main /



the main foreign languages.

2.6 Recent Developments in England

Until 1964 there was almost no application of
objective testing at the secondary or tertiary levels
of education. The simpler forms of objective test
were well known to teachers at the primary level,
because such tests formed part of the secondary school
selection tests then taken towards the end of primary
school courses (at the age of 11+).

Specdial studies of objective-style testing at
the s econdary or tertiary education levels were under-
taken by the National Foundation for Education Research
and by some university departments of education, but
still no general use was made of this work by the
examining boards for the General Certificate of
Education,

But in 1964 the Secondary Schools Examinations
Council published "The Certificate of Secondary Education
¢ An Introduc¢tion to Objective Type Examinations", The
survey was written by Professor Vernon and gave a well-
balanced account of objective-type testing and
indicated support for its use, especially at the level
of the Certificate of Secondary Education.

Because the first examinations for the (C.S.E.
were well under way when the Schools Council first
published its introduction to objective-type testing,
there was no immediate response among the fourteen
regional examining boards. The publication, however,
was widely disseminated in schools, colleges and
within examining boards throughout the country. Almost
immediztely following the publication there was a rapid
development of interest by some examining boards covering
the examinations for the General Certificate of Education
- notably the University of London University Entrance
and School Examinations Council and the Associated

Examining /
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Examining Board.

These bodies involved substantial numbers of
teachers in their advisory and subject committees.
These teachers formed the nucleus of the group set up
to study appropriate applications of objective testing
to their own subject areas. First reactions were
sceptical and critical, but the prospect of greater
precision in measurement, of application to wider areas
of mental process, and the professional expertise which
the Boards' administrative staffs built up, all began
to change attitudes.

In June 1969 the University of London University
Entrance and Schools Examinations Council introduced
operationally a multiple choice test as a component
part of the examination for the General Certificate of
Education Ordinary level paper in Chemistry. The
remaining component consisted of a Chemistry test on
conventional lines, '

By 1971 almost every Board examining Hr the
General Certificate of Education was studying closely
the need to introduce an objective test component into
their examination structure. The Associated Examining
Board, in addition to its joint project with the
University of London in the use of objective tests in
Economics, had working groups studying the introduction
of objective testing at Ordinary Level for Chemistry,
English, Mathematics, Physics, Religious Knowledge,
Statistics and History. The Joint Matriculation
Board published in July 1970 a booklet giving examples
of objective tests and encouraging their use in science
subjects of their General Certificate of Education
examinations. ]

2.7 In order to find out what results these and other
investigations have had the following questionnaire

was sent to all the G.C.E. and C.S.E. Examination
Boards /

26
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Boards in England at the beginning of 1975. The
questionnaire was aimed specifically at science examin-
ations.

(a) In which science examinations is objective testing
used?

(b) What weighting is given to it?

(c¢) How many items are there in each paper?

(d) On the basis of what pre-testing are individual
items selected?

(e) Could you provide me with any relevant research
findings you have made?

(f) What general conclusions have you reached concerning
their use?

Results
Associated Examination Board
Subject Level Weighting No. of Pre-test
Items
Chemistry 0 50% 60 satisfactory per-
- Physics 0 50% o ~formance in pre-
. . ' test involving
Physical Science 0O 407 60 300-400 candidates.
Integrated 0 60% 45 No formal pre-
3 TA? .
Science 'A ' . testing at the
Integrated 0 30% 30 moment.

Science 'B!

N.B. An objective test component has been included
in new syllabus proposals for Advanced Level
chemistry and physics.

University of London

Subject Level Weighting No. of Pre-test
Items
Chemistry 0 40% 70 Pre-test paper
Physics 0 40% _ taken by sufficient
candidates to
ABlology 0 40% 60 ensure that valid

' statistical analysis
CheQIStry A 30% 50 of the results can

be carried out.
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ﬁnivefsity of Cambridge Local Examinations Syndicate

Subject

Level Weighting No. of

Chemistry
Biology

o O

Chemistry
Biology
Physics

Social Biology

= e e

27%
27%

15%
15%
15%
15%

Items

Pre-test

320-40 Carried out on

school candidates.
by the test and
development

unit.

“OXfofd aﬁd Cambridge Schools‘Examination Board

Subject
Chemistry 0
Chemistry

" (Phys. with 0

Chemistry)

Physics (Nuffield) O
" Physics (Nuffield)
with Chemistry

Chemistry A
Physics A
Physics (Nuffield) A

40%

40%

50%

50%

- 40%

45%
23%

Level Weighting No. of
Items

40

30

50

30

50
50
40

Pre-test

Pre-~tested well
in advance in
schools preparing
candidates in

that subject.

Oxfdrd Delegacy of Tocal Examinafidns

Subject

Level Weighting No. of

Physics . A

Joint /

30%

Items

50

Pre-test

Pre-tested on
representative
sample of 200
candidates.
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Joint Matriculation Board

Subject Level Weighting No. of Pre-test
Items
Chemistry 0] 40% 40
Physics 0 30% -
Physical Science O 40% - Pre-tested on‘
Science (Double) O 40% - samples of
Physics with 0 40% - approximately
Chemistry
General Science 0 40% - 350.
Chemistry A 28% -
Physics A 38% 50~60
Physical Science A 31%° -

Welsh Joint Education Committee

Subject Level Weighting No. of Pre-test
Items
Physical Science O 10% 10 Not disclosed.

The Southern Universities Joint Board for School
Examinations do not make use of objective tests in any
of their science examinations.

Observations

l, Objective testing is well established in the Physical
"Sciences at both '0' and 'A' level.,  This is not
so for the Biological Sciences.

2. The weighting given to the objective part of an
examination is fairly constant within boards at
a given level. In each case the average
weighting given to '0' level examinations is
higher thah that given at 'A' level. There is
also a slight variation in weighting between
examination boards.

3., Where information isavailable this also applies

 to0 the number of items in the test.

4. /



4, Pre-testing is done on a large enough scale to
ensure an adequate number of satisfactory items.

Certificate of Secondary Education

The West Yorkshire and Lindsey Regional Examining Board

Subject Weighting No., of Pre-test
Items
General Science 12% 12 With the exception
Biology 10% 8 of the joint
Chemistry ' 12% 10 J.M.B. biology
Physics 40% 40 exam, formal
Biology (with J.M.B.) 25% 60 pretesting is not
arranged.

Yorkshire‘Regional Examinations Board

All science subjects variable variable Only a very
‘ little done.

South Western Examinations Board

Chemistry - 10 Only pre-tested

General Science 'A' - 20 questions are
General Science 'B! - 12 in General Science
'A' (sample of up
- to 400).

Metropolitan Regional Examinations Board

Biology - 25% 30-35

Human biology 25% 30-35 Draft papers are
Chemistry (2 syllabuses)25% 30-35 pre-tested as
Physics (2 syllabuses) 25% 30-35

Environmental Science 25% 30-35 such. There is
Natural Science 25% 30-35 no pre-testing of

individual items.

The South-East /
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The Soﬁth-East Regional Examinations Board

Subject Weighting No. of Pre-test
' Items

Biology 15-20% 70 Two papers
Chemistry 15-20% 60 containing 60-70
Chemistry(Nuffield) 15-20% 60 items in each
Integrated Science 15-20% 60 subject are pre-
Physics 15-20% 60 tested the previous
Physics (Nuffield) 15-20% 60 year. Approximately
Science of Living 15-20% 70 400 papers sent out
Rural Studies 15-20% 60 to schools in other

regions with
appropriate syllabuses.

Aséociéted‘LancaShifé Schools Exémining,Board

Biology - 9
Human and Social Biology- . 9o Pre-testing
Chemistry - 19 not done.
General Science - - 21

" Physics - ’ 20

North Regional Examinations Board

This board uses multiple choice objective questions
only to a very limited extent. They therefore regretted
that they could not supply answers to the questionnaire,

Fast Anglian Examinations Board

This board was unable to supply any information
because of the number of syllabuses involved.

Middlesex Regional Examining Board

Objective testing has not been used by this
board in C.S.E. Science examinations.

2.8 Observations /-
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2.8 Observatidns

(1) where objective tests are used they appear to be
well established in both the Physical and
Biological Sciences.

(2) The weighting given to the objective part of the
examination is fairly consistent within exam-
ination boards. Where information is available,
the variation, with one exception is only 11%,
which is considerably lower than the differences
at either '0' or 'A' level.

(3) The number of items is reasonably consistent within
boards, but there is a wide variation between
boards.,

(4) 1In more than half the examination boards no formal
pre-testing of items takes place,

2.9 Conclusions

Apart from Biology at G.C.E. 'O aﬁd TA' level,
objective tests are a well established part of school
3cience examinations in England. There is naturally
a variation between the different examination boards
as regards the weightings to be given to these objective
tests, since within the members of any one board there
is bound to be a difference of opinion as to how
objective tests are to be used.

The difference in average weightings that occurs
between the C.S.E. and G.C.E., 'O' and 'A' level exam-
inations can be explained by the nature of the examin-
ation. The low percentage weighting given to the
. objective component of C.S.E. examinations being due to
the fact that a proportion of the overall marks, in
certain cases, are given for teacher assessment, and in
'A' level a certain proportion of the marks are given
for a practical examination. One point worth noting
is the apparent lack of pre-testing in some of the C.S.E.
examination boards. This may be a matter of economy
‘and/or insufficient numbers of pupils taking the exam-

inations.

2,10 /
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2.10 The position in Scotland is much clearer than in
England because there is only one examination board
responsible for examinations in school Science

subjects. At the present time there is an objective
test paper in both Chemistry and Physics at both

ordinary and higher grades. Objective tests are shortly
to be introduced into examinations in Biology and Anatomy,
Physiology and Health. Here there is a similarity

with England in that objective tests in the Physical
Sciences were established some years before those in

the Biological Sciences. As regards pre-testing in
Scotland, all questions go through a rigorous shredding
and pre-testing procedure before they are accepted for
use in the S.C.E. examinations.

In general, the objective test paper contains
questions of varying difficulty designed to test know-
ledge, comprehension, application, and the ability to
analyse and evaluate, The paper tests at different
ability levels all the educational objectives of the
. 8yllabus amenable to written tests except those -

(a) where recall rather than recognition is required;

(b) where partial marking is desirable;

(¢) where the ability to be tested requires more
lengthy response and a higher number of marks,
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CHAPTER 3

THE EFFECT OF ALLOWING PUPILS TO CHANGE
THEIR FIRST CHOICE IN MULTIPLE CHOICE EXAMINATIONS

Introduction

The purpose of this chapter is to investigate the
effect of allowing pupils to change their first choice
in multiple choice science examinations. Each of the
multiple choice items used c onsisted of one correct
response and four distractors. The number of items
in each test was, with one exception, twenty-five.

The response-changing behaviour is fo be investigated
with respect to:-

(a) The variability between tests;

(b) The variability among pupils;

(¢) The types of change made;

(d) Sex differences; |

(e) The overall test performance as related to response

| changes;

(f) The relationship of item difficulty to response
changing; '

(g) The effect of item position on response changing.

Procedure

The tests were given to first and second year
pupils in a comprehensive school over a period of two
years. The tests were administered in the week
immediately after completing the relevant section of the

(61) There was no time

Integrated Science Syllabus.
limit put on the tests, therefore all the pupils com-
pleted every item and there was sufficient time for

any response alterations to be made.

After every test the same procedure was followed.
Each paper was examined for evidence of response '
changes as indicated by erasures or score-outs. When
an item response was changed, it was recorded in one of
three categories:-

(a) /
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(a) an incorrect to a correct response;
(b) a correct to an incorrect response;
(¢) an incorrect to another incorrect response.

The instances in which any given item was changed more
than once were too few to be of any consequence.

When this occurred, if any of the responses made prior
to a final incorrect response were correct, this was
listed as a "correct to an incorrect response",

If all responses made prior to the final response
were in error, then there was no problem; all these
responses were considered as "first responses" and were
recorded either "first fesponse incbrrect; final .
response correct" or "first response incorrect; final

response incorrect",

The results are shown in the following tables.

Table 3.1

Response Changes by Sex A
‘Pest on section one of the Integrated Science Syllabus
given to all first year pupils in session 1974/75.

Changes Changes by | Total

by Males | Females Changes
(N=91) (N=130)
Type of Response Changel N % N % N %

Incorrect to Correct 69 | 65.1| 79 | 60.8 148 |1 62.7
Correct to Incorrect 9 8.5| 19| 14.6 28 | 11.9
Incorrect to Incorrect|{ 28 | 26.4 | 32 | 24.6 60| 25.4
Total 106 100.0 |130 {100.0 }236 |100.0
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Table 3.2

Response Changes by Sex
Test on section one of the Integrated Science Syllabus
given to all first year pupils in session 1975/76.

Changes Changes by | Total

by Males | Females Changes
(N=94) (N=101)
Type of Response Change | N % N % N %

Incorrect to Correct 70 | 58.3 | 79 | 59.9 149 | 59.1
Correct to Incorrect 22 | 18.3 |18 | 13,6 40| 15.9
Incorrect to Incorrect|{ 28 | 23.4 | 35 | 25.5 63| 25.0
Total 120 100,0 132 100.0 P52 [100.0

Table 3,3

Response Changes by Sex
Test on section four of the Integrated Science Syllabus
given to all first year pupils in session 1974/75.

Changes Changes by | Total

by Males | Females Changes
(N=88) (N=108)
Type of Response Change| N % N % N %

Incorrect to Correct 571 60,0 | 80§ 49.1 137 | 53.1
Correct to Incorrect 11| 11.6 | 34 | 20.9 45 | 17.4
Incorrectto Incorrect 27| 28.4 | 49 | 30.0 76 | 29.5
Total 95 [100.0 163 (100.0 258 {100.0

Table 3.4

Response Changes by Sex
Test on section four of the Integrated Science Syllabus
given to all first year pupils in session 1975/76.

Changes Changes by | Total

by Males | Females Changes
(N=94) (N=93)
Type of Response Change| N % N % N %

Incorrect to Correct 60| 49,6 | 76 | 51.4 136 | 50.6
Correct to Incorrect 24 1 19.8 | 30| 20.3 54 | 20.1

Incorrect to Incorrect| 37| 30.6 | 42 | 28.3 79| 29.3
Total 121 {100.0 148 {100.0 269 |100.0
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Table 3.5
Response Changes by Sex

Test on section ten of the Integrated Science Syllabus
given to all second year pupils in the session 1974/75.

Changes Changes by | Total

by Males | Females Changes
(N=105) | (N=101)
Type of Response Change | N % N % N %

Incorrect to Correct 71 | 48.6 | 60 | 46.9 131 | 47.8
Correct to Incorrect 27 | 18.5 | 26 [ 20.3 531 19.3
Incorrect to Incorrect | 48 | 32.9| 42 | 32.8 90 | 32.9
Total 146 100.0 128 00.0 274 100.0

Table 3.6

Response Changes by Sex
Test on section ten of the Integrated Science Syllabus
given to all second year pupils in the session 1975/76.

Changes Changes by| Total

by Males | Females Changes
(N=90) (N=130)
Type of Response Change | N % N % N %

Incorrect to Correct 60| 54.1| 68| 41.5 128 46.5
Correct to Incorrect 19 117.1| 33| 20.1 521 18.9
Incorrect to Incorrect | 32 | 28.8| 63| 38.4 95| 34.6
Total 111 L00.0 {164 {100.0 2751100.0

Table 3,7

Response Changes by Sex
Test on section twelve of the Integrated Science Syllabus
given to all second year pupils in tke session 1974/75.

Changes byl Cranges by| Total

Males Females Changes
(¥=97) (N=81)
T7ype of Response Change | N % N % N %
Incorrect to Correct 50| 36.8 62| 42.5 112]39.7
Correct to Incorrect 31| 22.8 29| 19.9 60|21.3

Incorrect to Incorrect | 55| 40.4 551 37.6 110{39.0
Total 136 100.0 1146 1{100.0 2821100.0




Table 3.8
Response Changes by Sex

Test on section twelve of the Integrated Science Syllabus
given to all second year pupils in the session 1975/76.

Changes Changes by | Total

by Males | Females Changes
(N=87) (N=124)
Type of Response Change | N % N % N %

Incorrect to Correct 48 | 33,8 | 69 | 37.7 117 | 36.0
Correct to Incorrect 34 | 24.0 151} 27.9 85| 26.1
Incorrect to Incorrect| 60| 42.2 | 63| 34.4 123 | 37.9
Total 142 |100.0 183 {100.0 325 [100.0

Comments

To see if there is any difference in response
changing between successive years of pupils on the same
test, the relevant pairs of tests, e.g. Integrated
Science Syllabus section one test in session 1974/75
and in session 1975/76 were compared.

(a) Test one - 1974/75 and 1975/76

There was a slight decrease in the proportion of
pupils making positive changes (i.e. from an incorrect
response to a correct response) with an accompanying
increase in negative changes (i.e. from a correct
response to an incorrect response). Neutral response
changing (incorrect to another incorrect response)
stayed relatively constant.

(b) Test four - 1974/75 and 1975/76

Again there was a decrease in the proportion of
pupils making positive changes with a corresponding
increase in negative changes, The proportion of
pupils making neutral changes also remained constant.
(¢) Test ten =~ 1974/75 and 1975/76

« There was a variation in the proportions of pupils
making all three types of change, notably the proportion

of /



of boys making positive changes rose by 5.5% and the
proportion of girls making positive changes decreased
by about 5.5%.

(d) mTest twelve - 1974/75 and 1975/76

For the third time there was a decrease in the
proportion of pupils making a positive change and increase
in the proportion making negative changes. The pro-
portion of pupils making neutral changes was again
fairly constant.

In an attempt to explain these variations in the
various types of response change, the degree of difficulty
of each of the tests was calculated, i.e. the average
facility value of all the items in a test. The results
are shown in Table 3.9.

Table 3.9

Degfee of Difficulty of Examinations

Section Number Degree of Difficulty (%)
12 67.4
1P . 1.4
42 57.0
4P 55.1
102 58.0
10° 55.4
122 42.9
12° 40.5

a denotes 1974/75 examinations
b denotes 1975/76 examinations

By consideration of these degrees of difficulty
it can be seen that in each éase, with the exception
of ‘the section one tests, there is an increase in
difficulty with successive years, This increase in
difficulty could account for the observed decrease in
the /
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the proportion of positive response changes, and the
observed increase in negative response changes. This
apparent increase in examination difficulty could be
due to a slightly less intelligent pupil population,
however, it is not large enough to alter the overall
picture significantly, but it must still be considered.

In the case of section one, any interpretation of
the results must take into account the fact that it
was the first test of its type that the pupils had
encountered, and as such would invariably produce
unreliable results. This would not of course apply
to later tests, because by that time a certain amount
of examination sophisticationwould have been developed.
It would appear then that a relationship may exist
between the degree of difficulty of an examination
and the number of positive and negative response changes.

Considering the results for all eight examinations
the proportion of positive (i.e. from an incorrect to
a correct response) response changes ranges from 36.8%
 to 65.,1% and the negative (i.e. from a correct to an
incorrect response) response range is from 8.5% to 27.9%.

An examination of the literature on response
changing shows a similar pgttern. '

Table 3,10 /
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Table 3.10

Reported Frequencies‘of Response Changing
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A closer examination of these investigations shows
no mention of the degree of difficulty of each of the
tests used. Therefore, if a relationship did exist
between degree of difficulty and type of response
change, it may be a factor in the variations shown in
these independent researches.

In order to test this hypothesis the Pearson's
Product Moment Correlation coefficient was calculated
for the degree of examination difficulty against -

(a) the proportion of positive response changes;
(b) +the proportion of negative response changes;
(¢) the proportion of neutral response changes,

The results are shown in Table 3,11,

Table 3,11

'Coefficients of Correlation (Pearson Product Moment)

Type of Response Change Céefficient of Correlation
Positive (incorrect to correct) . + 6.92
.- Negative (correct to incorrect) - 0.88
Neutral (incorrect to incorrect) - 0.74

Conclusion

From the results it can clearly be seen that a
relationship does exist between the degree of difficulty
of a test and the proportions of the different types of
response change. This relationship can be used, at
least in part, to explain the differences in these
proportions both in the literature and the work descrited
in this chapter.

To obtain an overall picture of the response
changing pattern the results for all of the sections
were combined and are shown in Table 3.12.
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Table 3.12

Total Response Changes by Sex - All sections

Changes Changes by] Total
by Males Females Changes
(N=746) (N=868)

Typeof Response Change| N % N % N %

Incorrect to Correct 485 | 49.61573 | 48,0 [1058 | 48.7
Correct to Incorrect 177 1 18,1240 | 20.1 417 | 19.2
Incorrect to Incorrect|315 | 32.3(381 | 31.9 696 | 32.1
Total 977 100,0(1194 [100.0 2171 |100.0

Conclusions

Since the aim of changing a response on a test
is to improve performance, t hose who chose to change
items on these tests did in fact improve their s cores
more frequently than did they reduce their scores.,

Of a total of 2,171 response changes almost half of
these resulted in a correct final response; of those
changes that produced an incorrect final response it

" was more likely that the first response too was incorrect

(ratio approximately 1.6 : 1.0). Since a change from
an incorrect response to another incorrect response
does not alter test performance, it can be said that
the chances were about 5 : 2 that a change of response
would produce an increase rather than a decrease in

test score.

Sex differences with respect to the three types
of response change were small. Girls were more likely
than boys to make a "correct to incorrect" change,
whereas boys were more likely to make a "incorrect to
correct" fésponse change and to make a "incorrect to
incorrect" response change. Girls were slightly
more inclined to make response changes than the boys,
whereas 53.7% of the sample were girls they made 55%
of all the response changes.

Relationship /
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Rélatiohship Betweeﬁ'Overalerest ﬁerformance and
Response Changes

To study the possible relationships between quality
of performance on the test and the changing of responses,
the position of each pupil was determined as being in
the highest, middle, or lowest one third of the class
distribution. This procedure was applied to the
results for tests on sections one, four, ten and twelve
of the Integrated Science Syllabus. The results are
reported for individual sections and collectively.

Table 3.13 /
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Table 3,13

Response Changes and Quality of Overall Performance

Section one, 1975/76
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(4) Although the "Incorrect to Incorrect" change had
no effect upon total test performance it is noted
that the tendency to make this change is greatest
‘among the poorest pupils and least among the
best pupils. This is true for both sexes.

Table 3,14 /

47



48

Table 3.14

Response Changes and Quality of Overall Performance

Section four, 1975/76
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Table 3.15

Respohse Changes and Quality of Overall Performance
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Table 3,16

Response Changes and Quality.of Overall Performance
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In order to obtain the overall pattern the results

for all the sections were combined.

in Table 3.17.

is shown

The result

Table 3.17

Response Changes and Quality of Overall Performance

All sections, 1975/76
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Relationship of Item Difficulty to Respohse Changing

For the analysis relating to item difficulty,
only the data from the tests on Sections one, four, ten
and twelve (1975/76) were used. Using Pearsons Product
Moment Correlation formula, coefficients were calculated
for the correlations between item difficulty and the
number of pupils altering their response to that item. -
The results are shown in Table 3.18.

Table 3.18
Section Number Correlation Coefficient
One ) - O-o 3 O
Four + 0.13
Ten - 0,35
Twelve - 0,15
donclusion

~ Although there is a negative correlation of - 0.30
and - 0.35 for sections one and ten respectively, the

| result is not statistically significant at either the

1% or 5% levels of significance. What it does indicate

is that the easier an item is the more likely it is that

pupils would change their responses to that item, but

only to a slight degree. However, taking all the

correlations together, their variation is such that no

firm .conclusions can be drawn about the relation of

item difficulty to response changing. '

The Effect of Item Position of Response Charging

In order to investigate the effect of item position

on response changing the number of response changes
made in each one-fifth of the test was calculated,
commencing with the first one-fifth of the answers and
ending with the last one-fifth of the answers. The
results are shown in Table 3.19. The data was taken

52

from tests on Sections one, four, ten and twelve (1975/76).
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Table 3.19

Item Position and Response Changing

Item Position No. of Items altered
First 20% 556
Second 20% 38
Third 20% 341
Fourth 20% 358
Fifth 20% 513
Conclusion

Fewer revisions were made upon items placed in
the middle of the test than upon items appearing at the
beginning and the end of the test. The larger proportion
of revisions at the beginning and the end of the test
may be due to various factors.

Those at the beginning may be due to what is known
as 'examination nerves' or because at that point pupils
may be distracted by supervisor's instructions and other

. pupils' questions.

Those alterations at the end may be due to
increasing 'fatigue‘ or increasing carelessness.’ They
are cerfainly not due to pressure of time as no time
limit was placed on the examination.

It must be recognised, of course, that some changes
on items placed near the beginning of the test may
have actually been made near the close of the test
period.

General Conclusion

From the results of this investigation it can be
seen that pupils do in fact gain marks by altering
their first choice in multiple choice Science examinations.
This is in direct contrast to the long held belief
that first choices are indeed the best and should not

ve /



be altered. What are the implications of these findings
in terms of future multiple choice tests? Should a
change be made in the instructions at the beginning of

a multiple choice test paper which would encourage

pupils to change responses when they think that their
initial choice is incorrect? Or, should the situation
be left as it is at present when the test instructions
merely show pupils how to change a response when the

need arises? This latter instruction does not in

fact encourage pupils to alter responses,

I feel that since these findings were based on
this létter type of instruction and pupils gained marks
by making changes, then no alteration should be made
to the test instructions, as by so doing other factors
may.emerge which could result in a different number of
alterations which would produce different results.

54

In conclusion, then, pupils should only be instructed

as to how to alter a response should the need arise and
not be encouraged to make changes by a rewording of the

" instructions.



CHAPTER 4

THE EFFECT OF ITEM ORDER ON MULTIPLE

CHOICE TEST PERFORMANCE
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CHAPTER 4

THE EFFECT OF ITEM ORDER ON MULTIPLE
CHOICE TEST PERFORMANCE

Introduction

An examination of the relevant literature revealed
that conflicting results had been obtained when invest-
igating the effect of item order on multiple choice
test performance. MacNicol,(37) found that when items
were ordered from difficult to easy, the mean number
of correct answers on the test was significantly lower
than the mean number of correct answers when the items
were ordered from easy to difficult. These results
were obtained for a test administered under essentially
power conditions., . Similar findings were made by
Flaugher(38) et al, but their results were obtained
when the test was speeded. In contrast several other
researchers 42)(43)544)(45) have found no item order
~effect., '

Consequently, the purpose of the present study

is to - '

1., Investigate the effect, under power testing conditions,
of item order on test performance. It is expected
that a difficult to easy order of items would

. give lower scores than would the reverse order.

2., Investigate the effect of item order on the
relative performance of the top, middle and bottom
thirds of the examination.

(1)Procedure

Two thirty-item multiple choice tests (four
choices per item) were constructed and given to all
first and second year pupils following the Integrated
Science course. Two forms of each test were constructed,
the first having the items arranged in the easy to
difficult order (in terms of facility value obtained

from /



from a pre-test on a similar sample of pupils), and the
second arranged in the difficult to easy order. The
tests covered the current session's work up to the date
of the examination, i.e. sections one, two, three and
four of the Integrated Science Syllabus for first year
pupils, and sections ten, twelve and fourteen of the
Integrated Science Sullabus for second year pupils.
Each test was given to two matched groups of
approximately equal numbers of pupils. The testwas
without time limit, i.e. a power test. The groups
were matched according to Verbal Reasoning Quotient
(V.R.Q.).

~Results ‘
Table 4.1

Average marks obtained by pupils on both forms
of the Pirst year Test

Easy to difficult Difficult to easy

form form
Girls (N=50) 15,66 ' 17.06
Total (N=95) 16.68 17.53

The t-test of significance was carried out on
the results shown in Table 4.1 with the following

results.,
Table 4,2
Analysis of results by t-test
Pupils Level of Significance
Boys Not significant
Girls 10-20%
Total . 20%
Observations

There was a slightly significant improvement in
averase performance in the difficult to easy form of
the test for the total number of pupils and for the

girls /
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girls taken alone. This improvement is contrary to
what might be expected.

Table 4,3

Average marks obtained by pupils on both forms
of the second year test

Easy to difficult Difficult to easy

form form
Boys (N=46) 16.57 17.20
Girls (N=59) 15,28 15,36
Total (N=105) 15.83 16,07

The t-test of significance was carried out on the
results shown in Table 4.3 with the following results.

Table 4.4

Analysis of results by t-test

Pupils Level of significance
Boys Not significant
Girls Not significant
Total Not significant
Observations

Aé with the first year pupils there is a slight
improvement in average performance in the difficult
to easy form of the test. However, this time the
improvement is not significant. Even though slight,
this improvement is contrary to what might be expected,
although regard should be taken of factors such as
mental and physical fatigue near the end of the test.
Results (cont'd) ‘

For each form of the test a plot was made of the
item difficulty level versus the item position in the
test. The results revealed that, except for a few
misplacements, the majority of items on each form were
in the desired order. (See graphs 5a, 5b, 5c and 54)

A The rank correlations between item position in
the test and the position the item should have been in,

based /
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based on the item difficulty level as estimated from
the data of this study are shown in Tables 4.5 and 4.6.

Table 4,5

Rank correlations between item position and item
difficulty level - first year exam

Easy to difficult Difficult to easy

Boys 0.75 0.64.

- Girls 0.76 0.79

Total 0.76 0.76
Table 4.6

Rank correlations between item position and item
difficulty level - second year exam

Easy to difficult Difficult to easy

Boys ' 0.72 0.74
Girls 0.74 : 0.72
Total 0.79 | 0.74
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Observations

Whereas a lower rank order correlation might have
been expected for the difficult to easy order this was
not found to be the case, except for the boys in first
year, In general the correlations between the different
forms were fairly high and consistent between first
and second year examinations. This would suggest
that the difficult to easy order test was not proving
to be more difficult than the easy to difficult order.

" Conclusions

The conclusion. that can be drawn on the basis of
this investigation is that the scores on the difficult
to easy order are on the average slightly, though not
always significantly, higher than scores on the easy to
difficult order. This is true for this test which is
a power test.  These results contradict the findings
of MacNicol(37) who found that scores were significantly
. higher in the easy to difficult form of the test.

The importance of this study, and others, to
test constructors seems to be the evidence it provides
against the practice of making the order of presentation
of items different for different examinees to reduce,
for example, the chance of cheating, in the kind of sit-
uvation which could arise in the first two years of
a large comprehensive school when a large number of
pupils are to be given the same science test over a
period of time as part of their continuous assessment
programme., It may also be of importance when considering
the relative order of the items in a pre-test/post-test
situation when the results of the pre-test are to be
used to construct a test with particular statistical

properties.

It would appear on the basis of currently available
evidence that reordering of items on a test in effect

produces /
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produces a test with different properties than the original.
Hence it may be impossible to make valid comparisons

of the scores obtained by pupils who take the same test
items in a different order. These conclusions apply

only to tests without a time limit, it is for further
research to investigate the effect of itemarder on

test scores when the test is speeded. When the test

is speeded other personality factors such as anxiety

may come into play.

(2)Introduction

The results so far discussed refer only to the
overall examination performance. In order to probe a
bit deeper and by so doing explain why the average
scores on the difficult to easy form of the test are
higher than those on the easy to difficult form, it is
appropriate to consider the effect of item order on
the performance of pupils on questions in the most

~ vulnerable positions in the test, namely, the first
and the last ten questions. Any effect of item re-
ordering should be at a maximum in these positions.

Procedure

Tre average mark scored by the pupils on the first
and last ten questions in each test was computed as
well as the average mark for the middle ten questions.
The middle ten which should be relatively constant will
act as a standard with which the performance of the
extreme ten questions can be compared.

Results
Table 4.7 ./
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Pable 4.7

Average marks scored per ten questions -~ first year boys

Easy to difficult Difficult to easy

Pirst ten 7.76 4.40

Middle ten 6.49 6.26

Last ten 3.58 7.40

Total 17.83 18,06

Observations

(1) There was a small, but not statistically significant,

(2)

(3)

(4)

increase in the average test score when the
items were arranged in the difficult to easy
order,

The ten easier items did less well when they
were arranged in the difficult to easy order.
This difference denoted by the letter 'a' is
- 0,36 marks, i.e. a = - 0,36,

The average mark for the ten middle items also
decreased when arranged in the difficult to

easy order. This difference denoted by the
letter 'b' is - 0.23, i.e. b = - 0,23,
The average mark for the ten most difficult items

increased when arranged in the difficult to
easy order. This difference denoted by the letter
'e' is + 0.82, i.e. ¢ = + 0.82.

Table 4.8

Average mark scored per ten questions - first year girls

Easy to difficult Difficult to easy

First ten 6.76 3.52

Middle ten 5.50 6.11

Last ten 3.40 T.43

Total 15.66 17.06
Observations

(1) There was a significant (10-20%) increase in the

(2)

average test score when the items were arranged
in the difficult to easy order.

/



(2) .

(3)

(4)

The average mark for the ten easier items increased

i.e. a ='¥'O{67.
The average mark for the middle ten items also
increased when arranged in the difficult to

easy order, i,e. b = + 0.61.

The average mark for the ten most difficult items
increased when arranged in the difficult to
easy order, i.e, ¢ = + 0,12,

Table 4.9
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Average mark scored per ten questions - first year total

Easy to difficult Difficult to easy

First ten T.23 3452

Middle ten 5.97 6.11

Last ten 3.48 " Te43

Total 16.68 ' 17.53 -

Observations

(1) There was a small significant increase (20% level)
in the average test score when the items were
arranged in the difficult to easy order.

(2) The average mark for the ten easier items
increased when arranged in the difficult to easy
order, i.e., a = + 0.20.

(3) The average mark for the middle ten items also
increased when arranged in the difficult to
easy order, i.e. b = + 0,14.

(4) The average mark for the ten most difficult items

Average mark scored per ten questions - second year boys

Total

increased when arranged in the difficult to
easy order, i.e, ¢ = + 0.04.

Table 4.10

Easy to difficult Difficult to easy

First ten 7.20 | 4,27
Middle ten 5.15 5436
Last ten 4,22 T.57

16.57 17.20
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Observations

(1)

(2)

(3)

(4)

There was a small, but not statistically significant,
increase in the average test score when the
items were arranged in the difficult to easy
order,

The average mark for the ten easier items increased
when arranged in the difficult to easy order,
i,e. & = + 0,37.

The average mark for the middle ten items increased

when arranged in the difficult to easy order,
i.e, b = + 0.21. |
The average mark for the ten most difficult items

increased when arranged in the difficult to easy
order, i.e. ¢ = + 0,05,

Table 4,11

Average mark scored per ten gquestions - second year girls

Basy to difficult Difficult to easy

Pirst ten Tel2 3.7T7

. Middle ten . 4075 4073
Last ten 3.41 6.86
Total 15,28 15.36
Observations

(1)

(2)

(3)

(4)

There was a small, but not statistically significant,
increase in the average test score when the
items were arranged in the difficult to easy
order,

The average mark for the ten easier items,
decreased when arranged in the difficult to
easy order, i.e. a = - 0.26,

The average mark for the middle ten items decreased
when arranged in the difficult to easy order,
i.,e. b = - 0,02,

The average mark for the ten most difficult

items increased when arranged in the difficult

to easy order, i.e. ¢ = + 0,36,

Table 4.12 /




69

Table 4,12

Average mark scored per ten questions - second year total

Easy to difficult Difficult to easy

Firstten 7.15 3,96

Middle ten 4,92 4,98

Last ten 3.76 T.13

Total 15,83 16.07

Observations

(1) There was a small, buf not statisfically significant,

(2)

(3)

(4)

increase in the average test score when the
items were arranged in the difficult to easy
order.

The average mark for the ten easier items
decreased when arranged in the difficult to easy
order, i.e. a = - 0,02,

The average mark for the middle ten items increased
when arrénged in the difficult to easy order,
i.e. b = + 0.06.

The average mark for the ten most difficult items

increased when arranged in the difficult to
easy order, i.e. ¢ = + 0,20,

In order to illustrate the effect of item order

on the most vulnerable questions, the following array

was constructed showing the mathematical sign in front

'of the variation in the marks of the different item

locations. 'a', 'b' and 'c' are as indicated
previously.
Table 4,13
First year Second year
boys | girls | total boys | girls | total

a - + + . + - -
b - + + + -
c + + + + + +

Observations /




Observations

(1) 1In every case the average score for the ten most
difficult items has increased when the items were
arranged in the difficult to easy order.

(2) The average score for the middle ten items has
increased in the totals column each year, but
within each total there has been a variation
between boys and girils.

(3) The variation between scores has been greatest
within the easiest ten items. There is no
agreement between years.

In order to estimate the magnitude of the changes
described Table 4,14 was constructed.

Table 4,14
- Total changes per ten questions - all pupils
First year Second year Grand

boys [girls|total boys |girls|total [total

First | 4. 36/+0.67|+0.20 |+0.37]-0.26|-0.02 |+0.60
ten

Middle | 5 o3|.0,61{+0.14 |+0.21{-0.02[+0.06 |+0.77
ten

Last +0.82|+0.12|+0.04 |+0.05]+40.36]+0.20 |+1.59
ten

Conclusion

It can be seen from the above figures (Table 4.14)
that it is the average. score for the ten most difficult
items that increases by the largest amount when the
items are arranged in the difficult to easy order.

This would be the main factor in the small
observed increase in test scores when the items are
arranged in such a manner. Why this should be the case
is not clear, it could be that at the beginning of a
test pupils tend to concentrate more and conseguently
achieve higher scores on these more difficult items
than /
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than they would if they were located at the end of the
test, Towards the end of the test factors such as
fatigue and loss of concentration may result, or there
might be an increasing awareness among the pupils that
the items are indeed becoming more difficult which would
account for the lower value of the difficult items in
the first instance when they are arranged in the easy

to difficult order.
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CHAPTER 5

THE EFFECT OF THE RESPONSE SET IN MULTIPLE
CHOICE TESTS

Iﬁtroduction

As indicated in Chapter 1 several investigations
of the position response set in multiple choice tests
have yielded contradictory results. Whereas Cronbach(58)
concluded that multiple choice tests are relatively
free from position response sets, McNamara and Weitzman
report that atendency does exist among examinees to

(59)

favour certain response positions to the neglect of
others.

The aim of the present study is:-

(1) To test the hypothesis that difficulty is a function
of correct choice placement;

(2) To investigate the possible tendency among pupils
to favour certain fesponse positions to the
neglect of others;

(3) To investigate the hypothesis that alteration of
the position of the distractors in a multiple
choice item while the key remains in the same
position, has no significant effect on the
degree of difficulty of a five choice item;

(4) To investigate the hypothesis that alteration of
the position of the key from one of the first
three positions to one of the last two positions
will alter significantly the degree of difficulty
of a five choice item;

(5) To investigate the hypothesis that the placing of
the most ﬁlausible distractor immediately before
the key will alter significantly the degree of
difficulty of a five choice item.

Method

The tests used in all of these investigations

were /
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were those given to first ang second year pupils
following the Integrated Science Syllabus,

For the first two investigations the tests used
were those for sections two/three and four given to
all first year pupils and sections ten, twelve and

fourteen given to all second year pupils during session
1974/75.

In the three remaining investigations the tests
used were those on sections one, two/three given
to all first year pupils in sessions 1974/75 and 1975/76,
and those on sections twelve and fourteen given to all
second year pupils in sessions 1974/75 and 1975/76.
In addition, the final term examination given to all
first year pupils in sessions 1973/74 and 1974/75
was used. ‘

(1) Investigation of the hypothesis that difficulty is

a function of correct choice placement.

: Résults

The total number, and hence the proportion, of
responses to each of the five positions was calculated
and compared with the expected proportion of responses
to each position, this latter proportion being calculated
from t he distribution of correct responses among the
five positions. Por example, the expected values in
Table 5.1 were calculated in the following way.
The test consisted of thirty items, nine of which contained
the correct response in position A, therefore the expected
percentage of responses in that position would be
=2 x 100 = 30.0%. The expected percentages for the
ggher four positions were calculated in the same way.
To see if the differences between these observed and
expected values were signi ficant the 'chi-squared!
test was applied in each case. The results are shown

in Tables 5.1 to 5.6 inclusive.

Table 5.1 /




Table 5.1
The significance between the observed and expected
proportion of responses to each of the five choice

positions in the section two/three test 1974/75,

75

"Response | Observed |Observed Expected
Position | Number of |Percentage Percentage | Significance
Resvonses
A 1695 28,2 30,0 Highly signi-
B 1128 187 23.3 ficant at 1%
C 864 14,3 10,0 level
D 1624 . 26,9 30,0
E 719 11,9 6.7
Total 6030 100,0 100,0
Table 5,2 -

. The significance between the observed and expected
proportion of responses to each of the five choice

positions in the section four test 1974/75,

Response | Observed Observed Expected
Position | Number of |Percentage | Percentage | Significance
Responses
A 688 17.1 16,0 Highly signi-
B 1102 - 21,5 32,0 ficant at 1%
C 541 13.5 20,0 level
D 852 21,2 20,0
E 830 20,7 12,0
Total 4013 100,0 100,0
Table 5.3

The significance between the observed and expected
proportion of responses to each of the five choice

positions in the section ten test 1974/75,

Response | Observed |Observed Expected
Position | Number of |Percentage |Percentage Significance
Responses :

A 861 17.2 8,0 Highly signi-
B 1087 21,7 20,0 ficant at 1%
¢ 1114 22,3 24,0 level
D 1189 23,8 36,0
E 738 15,0 12,0

Total 4989 100,0 100,0




Table 5 4

The significance between the observed and expected

proportion of responses to each of the five choice

positions in the section twelve test 1974/75,

Response |Observed Observed Expected
Position |Number of| Percentage Percentage | Significance
Resyponses

A 863 20,0 24 Highly signi-~-
B 871 20,1 16 ficant at 1%
C 890 20,6 20 level
D 1013 23.4 28
E 685 15.9 12

Total 4322 100,0 100,0

Table 5.5

The significance between the observed and expected

proportion of responses to each of the five choice

positions in the section fourteen test 1974/75,

Response |[Observed Observed Expected
Position |Number of | Percentage | Fercentage | Significance
Responses
A 680 17,4 25,0 Highly signi-
B 754 19.3 20,0 ficant at 1%
C 1010 25,8 250 level
D 894 22,8 20,0
E 577 14,7 10,0
Total 3915 100,0 100,0
Table 5,6

The significance between the observed and expected

proportions of responses to each of the five choice

positions taking all of the section two/three, four, ten,

twelve and fourteen test together,

Response Observed Observed Expected
Position |Number of| Percentage| Percentage| Significance
Responses

A 4787 20,6 20,8 Highly signi-
B 4942 21,2 22,4 ficant at 1%
c 4419 19,0 19,2 level
D 5572 23,9 27,2
E 3549 15,3 10,4

Tota] 23269 100,0 ~100,0

o)
o+
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Observations

When the correction had been made for the size
of the sample it was found that there was a highly
significant difference between the observed and expecte&
number of responses in each of the tests, Inspection of
tables 5,1 to 5,6 show that in every case the proportion
of pupils selecting response E was higher than would be
expected, This was not true for the other response

positions,

These results lend support to the hypothesis that
difficulty is a function of correct choice placement,
It should be noted, however, that in every test the
proportion of correct responses placed at position E
was smaller than in any of the other positions, It is
for further work using a more balanced distribution of

correct responses to test the hypothesis more fully,

(2) Investigation of the possible tendency among pupils

to favour certain response positions

Results

In order to determine whether the difficulty of
any one position was significantly greater than any
other, the percentages of correct responses appearing
in each position were calculated (Table 5.8). This
index was calculated by dividing the total number of
observed correct responses in each position (Table 5.7)
by the total number of possible responses in each
position (obtained by assuming 100% success in that item),

Table 5.7 /
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Table 5,7

Total Number of correct responses in each position

Position Number of correct Number of Possible
responses correct responses

A 2931 4913

B 3198 5217

c 2439 4499

D 3774 6475

E 1380 2421

Table 5.8

Percentages of correct responses appearing in
each of the five positions

Position Percentage of correct
responses
A 59.7
B 61.3
C 54.2
D 58.3
E 57.0
Observations

(1) The piacement of choices in the several possible
positions in five choice items has some slight
effect upon the difficulty level of the
questions. : ‘

(2) The first two positions have a slightly smaller
difficulty level than the last two positions.

(3) The middle position has the greatest level of
difficulty. Why this should be the case is not
clear, and indeed it contradicts the findings
of McNamara and Weitzman who found that questions
having the correct response in the fourth
position were the most difficult and those with
correct responses in the second and third positions

were the easiest. In the present investigation

the second /



the second position is certainly the easiest
but the third position is the most difficult.

(3) 1Investigation of the effect of altering the dis-
tractor positions on the degree of difficulty,
while keeping the key in the same position.,

Method

The test used for this investigation was the term
test given to all first year pupils in sessions 1973/74
and 1974/75. Alternate items on the 1973%/74 test
were altered by completely reversing the order of all
the distractors while keeping the key in the same
position, This resulted in twenty altered items and
twenty unaltered items. The twenty unaltered items
acting as a control with which any variation in the
altered items could be compared. This altered form of
the test was given as a term test to all first year
pupils in session 1974/75. The facility value of each
item was used to measure the degree of difficulty.
" The size of the sample was 197. The results are shown
in Table 5.9.

Table 5.9

The effect on the level of difficulty of altering the
distractor positions - term tests 1973/74 and 1974/75.

Average Average
Pacility Facility Significance
Value* Value * (t-test)
(1973/174) | (1974/75)
Unaltered Items 57.6 54.0 Significant at
5% level
Altered Items 58,1 54.6 Significant at
5% level

Observations

Both the‘altered and the unaltered items show an
equally significant decrease in average facility value.

Therefore, /

* See Appendix 12
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Therefore, it appears that reversing the order of the
distractors in this investigation has had no significant
effect on the degree of difficulty of the altered items
as compared with the unaltered items. In general, the
pupils in the 1974/75 test have found both altered

and unaltered items to be more difficult, than did the
pupils in the 1973/74 test.

The reason for this significant decrease in average
facility value for both altered and unaltered items is
not clear. Possible contributory factors could be:-

(a) a difference in the gquality of the pupils;
(b) a difference in teaching method;
(¢) a change in teaching staff,

In this investigation the difference in the quality
of the pupils from one session to another was probably
not a factor as no significant difference was found
between the Verbal Reasoning Quotients between the years.
As far as possible pupils were taught by the same
method, i.e. worksheets + additional notes, and with
one exception the same teachers were involved in teaching
the Integrated Science Course in each of the years in
question. As it is not always possible to check
whether a teacher presents a course the way he states
he does, then if any of the above factors are involved
in bringing about the decrease in average facility
value, it is probably this factor which is responsible.

(4) Investigation of the effect of changing tke position
of the key to one of the last two positions.,

Method

The tests used for tkis investigation were the
tests for section two/three, given to all first year
pupils, and section fourteen, given to all second year
pupils, following the Integrated Science Syllabus in
sessions 1974/75 and 1975/76. The section two/three
test /
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test contained thirty items, ten of which were altered
by changing the position of the key from one of the
first three positions to one of the last two positions.
The section fourteen test contained twenty items,

eight of which were altered in the same way. The
twenty unaltered questions from section two/three and
the twelve unaltered questions from section fourteen
acting as controls with which any variation in the
altered items could be compared. The items to be
altered were chosen in a random fashion. The altered
form of the section two/three test was given to all
first year pupils in session 1975/76 and the altered
form of the section fourteen test was given to all
second year pupils in session 1975/76. The facility
value of each item was used to measure the degree of
difficulty. The sample sized varied slightly from
year to year but were about 200 in each instance. The
results are shown in Tables 5.10 and 5.11 for both
boys and girls separately and together,

Table 5,10

The effect of changing the position of the key to one
of the last two positions - section two/three test,
1974/75 and 1975/76.

Average Average

Facility |Pacility |Significance

Value Value (t-test)

(1974/75) | (1975/76)
Unaltered Items (Total)| 62.2 65.2 Not significant
Altered Items (Total) 72.4 74.5 Not significant
Unaltered Items (Boys) | 68.4 69.0 Not significant
Altered Items (Boys) 75.6 78.2 Not significant
Unaltered Items (Girls)| 60.8 61.5 Not significant
Altered Items (Girls) 70.0 70.5 Not significant

Observations

Although there is a small increase in average
facility value in each case none of the increases is
significant. As a result there is no evidence for the

hypothesis /



hypothesis that altering the position of the key from
one of the first three positions to one of the last
two positions will alter the degree of difficulty of
the Test ,

Table 5,11

The effect of changing the position of the key to one
of the last two positions, section fourteen test,
1974/75 and 1975/76.

82

Average Average

Facility | Facility | Significance

Value Value (t-test)

(1974/75)| (1975/76)
Unaltered Items (Total)| 59.2 58.1 Not significant
Altered Items (Total) 62.4 60.3 Not significant
Unaltered Items (Boys) 59.3 59.7 Not significant
Altered Items (Boys) 61.0 60.4 Not significant
‘Unaltered Items (Girls) 59.0 56.9 Not significant
Altered Items (Girls) 63.8 60.5 Not significant

" Observations

Although there is a small decrease in average
facility value (except for the boys' unaltered items)
none of the decreases is statistically significant.
Again, as with the section two/three test there is no
evidence for the hypothesis that altering the position
of the key from one of the first three positions to
one of the last two positions will alter the degree of

difficulty of the Test .

(5) Investization of the effect of placing the most
plausible distractor immediately before the key.

Method

The tests used for this investigation were the
tests for section one, given to all first year pupils,
and section twelve, given to all second year pupils,
following the Integrated Science Syllabus in sessions
1974/75 and 1975/76. The section one test consisted

of /
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of twenty items, ten of which were altered by placing
the most plausible distractor (as determined from the
1974/75 test) immediately before the key.
twelve test contained twenty-five items, eleven of which

were altered in the same way.

The section

The ten unaltered

questions from section one and the fourteen unaltered

questions from section twelve acting as control questions

with which any variation in the altered items could be

compared. The items to be altered were chosen in a

random fashion., The altered form of the section one

test was given to all first year pupils in session
1975/76 and the altered form of the section twelve
test was given to all second year pupils in session
1975/76. The facility value of each item was used

to measure the degree of difficulty.

The sample sizes

varied slightly from year to year but were about 200
in each instance, The results are shown in Tables
5.12 and 5.13 for both boys and girls separately, and

together.

Table 5,12

The effect of placing the most plausible distractor
immediately before the key, section one test, 1974/75

and 1975/76.

Average Average
Pacility |Facility |Significance
Value Value (t-test)
(1974/75) | (1975/176)
Unaltered Items (Total) 69.4 72.1 Not significant
Altered Items (Total) 65.3 70.6 Sig. at 5% level
Unaltered Items (Boys) 71.8 72.2 Not significant
Altered Items (Boys) 67.0 73.3 Sig. at 1% level
Unaltered Items (Girls) 68.2 71.8 Not significant
64.3 68.1 Sig. at 10% level

Altered Items (Girls)

Observations

There is a significant increase in the average
facility value for the altered items when all the pupils

are /
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are taken together, When the results for the boys

-are considered separately it can be seen that there is
a highly significant increase in the average facility
value for the altered items, for girls there is only a
slightly significant increase, It would have been
expected that when the most plausible distractor is
placed immediately before the key it would attract
responses away from the key. In fact, the opposite
effect is observed, i.e., the key attracts more
responses. A possible explanation is that the close
proximity of the key and the distractor helps pupils

to discriminate more effectively between them and there-
fore select the correct choice more often than when the
key and the most plausible distractor are further apart.
The evidence from this investigation appears to confirm
the hypothesis that by placing the most plausible
distractor immediately before the key, the degree of
difficulty of the item will be altered significantly.
The degree of difficulty, in this case, being

decreased significantly.

Table 5,13

The effect of placing the most plausible distractor
immediately before the key, section twelve test, 1974/75
and 1975/76. ‘

Average Average

Pacility [PFacility |Significance

Value Value (t-test)

(1974/75) | (1975/76)
Unaltered Items (Total)| 39.7 39.5 Not significant
Altered Items (Total) 46.9 41,7 Sig. at 5% level
Unaltered Items (Boys) 38,2 40.4 Not significant
Altered Items (Boys) 44.3 43,7 |Not significant
Unaltered Items (Girls) 41.7 38,5 Not significant
Altered Items (Girls) 50.1 40.4 |sig. at 1% level

Observations

‘In this case there has been a significant

decrease /
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decrease in the average facility value, mainly due to

a highly significant decrease in the average facility
value for the girls on the altered questions, In

this case the results are as would be expected, i,e,

the most plausible distractor draws responses away from
the key when placed immediately before it, This is '
confirmed by an increase in the proportion of pupils
selecting the most plausible distractor as their correct
choice, The evidence from this investigation appears
to confirm the hypothesis that by placing the most
plausible distractor immediately before the key, the
degree of difficulty of the item will be altered
significantly, although in this case the degree of

difficulty has been increased,

Conclusion

As a result of the investigations carried out in
this section of the thesis it can be concluded that the
location of the correct response can have a significant
effect on the results obtained, and that there is a
"small, though not statistically significant, tendency
among pupils to favour certain response positions, It
is for further work to ascertain the magnitude of these
effects, -

It can also be concluded that alteration of the
distractor positions within items has no effect on the
difficulty level of that item when the position of the
correct response is unchanged, it has also been found
that when the position of the correct answer itself is
changed to one of the last two positions in an item

there is no significant effect on the difficulty level

of that item,

However, it has been found that the location of
the most plausible distractor can have a significant
effect on the difficulty level of items when it is
located immediately before the correct response, It

would /
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would appear that multiple choice test constructors
should be aware of this fact especially when selecting
multiple choice items from a pre-test - any
alteration of the order of the items which involves
movement of the most plausible distractor could have a

significant effect on the subsequent performance of
that item.
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CHAPTER 6

A SCORING SYSTEM WHICH ALLOWS PFOR PARTIAL KNOWLEDGE

Introduction

It is clear that when an examinee fails to select
the correct option in a multiple choice test, his
rejection of the correct option and his choice of an
incorrect option have a significance which should be
recognised in the marking of the test. Failure to do
this has been singled out as a weakness of the multiple
choice item,

A more sensitive method of administering a five-
option multiple choice test which enables the examinee to
earn partial credit for partial knowledge about a
question has been developed by Wiley.(zo) This method,
which Wiley calls the "Three-decision multiple choice
test", requires the examinee to designate two options
which he feels are definitely wrong as well as designating
-the option which he feels is the correct one. Three
marks are given to a question if the option designated
as the correct one is actually the correct option.

Two marks are given for a question if the option which
is actually correct is not designated as the correct
option or one of the definitely wrong options. No
marks are given to a question if an option designated
as one of the definitely wrong choices is actually the

correct option,

The purpose of the present investigation is to
compare the results obtained from scoring a multiple
chyice test using four different scoring procedures.

(2) The conventional multiple choice scoring system,
i.e. one mark for a correct chkoice of option,

no marks for an incorrect choice.
(b) The system suggested by Wiley as described.

(e) /



(¢) A modification of Wiley's system,'devised by the
author.

(d) A second modification of Wiley's system devised by
-the author,

Method

The pupils taking part in the investigation were
one hundred and three first year pupils following the
Integrated Science Syllabus who were about to take the
test on section five of the syllabus. The test
consisted of twenty multiple choice items each with five
options.

The pupils were instructed to answer the questions
on the conventional answer grid by using a vertical
line to designate the correct option and to designate
the two options which they considered to be most
incorrect by a cross. The questions were then scored
by four different methods to allow a comparison of the
different scoring systems to be made.

(a) The questions were scored using the conventional
scoring system, i.e. 1 mark for choosing the |
correct option, O marks for choosing an
incorrect option.

(b) The questions were scored as a "Three-decision
multiple choice test" with a marks allocation 3,
2, 0 as described in the introduction.

(¢) The questions were scored as in 'b' but with a
marks allocation of 2, 1, O.

(d) The questions were scored as in 'b' but with a
marks allocation of 2, 1, -l.

Results

The average mark scored by all the pupils under
each of the four scoring systems is shown in Table 6.1.
In each case the marks have been reduced to a mark out
of a maximum of twenty marks in order that comparisons

can /
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can be made of the various scoring systems. Also shown
in Table 6.1 are the percentage increases of the three
"Three-decision multiple choice test" scoring systems
over the conventional scoring system.

Table 6.1

The average marks obtained by pupils under four scoring
systems and the percentage increase of the "Three-
decision multiple choice test" scoring systems over the
conventional scoring system.

Scoring System Average Mark |Percentage increase
(Maximum 20) |over Conventional
scoring system

(a) Conventional 9.4
Scori?g ?ystem
.. (20
(b) wiley's 13,5 43.8

Scoring System
(¢) Modification 1 of

Wiley's System ,
(d) Modification 2 of 10,2 8.5

Wiley's System

12,4 32.9

Observations

(1) The conventional scoring system produced the lowest.
average mark. 4

(2) Modification 2 of Wiley's scoring system produced
the smallest percentage increase over the
conventional scoring system. In this system
one mark is deducted for an item in which an
option designated as one of the definitely wrong
choices is actually the correct option.

(3) Wwiley's suggested scoriqg system 'b' and the first

. modification of Lis system are basically the same

in that no penalty is introduced for an item
in which an option designated as one of the
definitely wrong choices is actually the correct
choice. The relative weightings have been
altered merely to make the addition and consequent

averaging /
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. averaging. of individual item scores more managable.
Therefore, scoring system 'e' will always produce
a lower average mark than scoring system 'b'.

In order to compare the marks on each of the
three modified scoring systems with the marks obtained
on the conventional scoring system Table 6.2 was
constructed which shows the average marks for all of
the pupils on each of the three modified scoring systems
who scored a particular mark on the conventional scoring
system. A graph of conventional test scores against
average mark scored on each of the modified scoring
systems was also plotted for particular conventional
test scores.

Table 6.2

The average mark scored on each of the three modified
scoring systems by pupils scoring a particular mark on
the conventional scoring system.

Conventional | Average |Average Score Average Score
Score Score (Modification 1) | (Modification 2)
(Wiley)
2 7.3 6.0 1.0
3 9.7 : 8.0 4.5
4 9.1 8.0 3.7
5 10.4 9.1 5.7
6 - 11.5 10.2 7.3
7 11.9 10.6 7.7
8 12.7 11.6 9.1
9 13.7 12.3 10.2
10 13.2 12.4 9.8
11 15.2 14.2 12.8
12 14.7 13.8 11.8
13 15.7 15.0 13.5
14 17.1 16.4 15.5
15 17.0 16.5 15.5
16 17.3 17 16.0
17 17.7 17.5 16.5




Average mark scored on each of the three modified scoring
systems by pupils scoring a particular mark on the
conventional scoring system.
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Observations

By inspection of the results and the graph the
following observations can be made:-

(a) The variation of average scores within the three
modified scoring systems is greatest when the
conventional score has a low value.

(b) The difference between the conventional score and
the modified scores is also greatest when the
conventional score has a low value.

(c) As the conventional score increases the variation
within the modified scoring systems decreases.
The difference between the conventional score and
the modified scores also decreases.,

() When the maximum conventional score has been
reached the variation within the modified scoring
systems, and the difference between them and
the conventional score, has decreased to a minimum,

From a consideration of Table 6.2 and the

‘ éccompanying graph it appears that there are three areas
where a closer inspection of the pupils' marks could
prove valuable, Namely, the marks scored by the best,
average and least able pupils. In order to do this,
the marks of the ten best pupils are shown in Table 6.3,
the marks of the middle twenty-two pupils in Table 6.4,
and the marks of the eleven worst pupils in Table 6.5.

Table 6.3 /
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Table 6.3

The marks scored by the ten best pupils under all four

marking systems.

Section five test, 1976.

Integrated Science Syllabus

Conventional |Wiley's Marking |llodification |[Modificaton
Marking system 1 2
system
17.0 17.0 17.3 15.5
17.0 18,3 18.1 17.5
16.0 17.3 17.3 16.0
15.0 16.3 16.8 14.5
15.0 15.7 15.5 13.5
15.0 17.0 16.5 15.5
15.0 17.7 17.3 16.5
15.0 18.3 17.5 17.5
15.0 17.7 17,3 16.5
15.0 16.3 16.8 14.5
Average
15.5 17.2 16.8 15.8
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Table 6,4

The marks scored by the middle twenty-two pupils under

all four marking systems.

section five test, 1976,

Integrated Science Syllabus,

95

Conventional |Wiley's Marking Modification Modification
Marking System 1 2
Systenm
9.0 15.7 14.0 13.5
9.0 13.7 12.5 10.5
9.0 14,3 13.0 11.5
9.0 13,7 12,5 10.5
9.0 17.7 13.0 11.5
9,0 13.0 12.0 9.5
9.0 11.7 11.0 Te5
9.0 13.0 12.0 9.5
9.0 13.7 12.5 10.5
9.0 11.0 10.5 6.5
9.0 13.7 12.5 10.5
10.0 14.7 13.5 12.0
10.D 12.7 12.0 9.0
.10.,0 14.7 13.5 12.0
10.0 11.3 11.0 7.0
10.0 14,7 13.5 12.0
10.0 12,7 12.0 9.0
10.0 13.3 12.5 10.0
10.0 12,7 12,0 9.0
10.0 12.0 11.5 8.0
10.0 12.7 12.0 9.0
10.0 14.0 13.0 11.0
Average
9.5 13.5 12.4 10.0

Table 6.5 /
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The marks scored by the eleven lowest pupils under all

four marking systems.

section five test, 1976.

Integrated Science Syllabus,

Conventional | Wiley's Marking |Modification | Modification
Marking System 1 2
System
2.0 7.3 6.0 1.0
3.0 8.3 7.0 2.5
3.0 8.3 7.0 2.5
3,0 12.3 10.0 8.5
4,0 8.0 7.0 2.0
4,0 10.7 8,5 5.0
4,0 9.3 8.0 4,0
4,0 9.3 8.0 4.0
4,0 8.0 7.0 1.0
4.0 8.0 7.0 2.0
4.0 12.0 10.0 8.0
Average
3.5 9.2 7.8 3.7
Table 6.6

Average marks scored by the best, middle and lowest
pupils under all four marking systems.
Science Syllabus, section five test, 1976.

Integrated

Type of Pupil Conventional | Wiley's [Modifi- |Modifi- .
’ Marking Marking |[cation 1 |cation 2
System System |
Best ten 15.5 17.2 16.8 15.8
Middle twenty-two 9.5 13.5 12.4 10.0
Bottom eleven 3¢5 9.2 7.8 3.7

Observations

(1)

For the best ten pupils there is a small increase

in average marks between the conventional and

modified scoring systems.

(2) /
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(2) For the middle twenty-two pupils the increases in
the average marks are larger between the
conventional and modified scoring systems, the
"increase being the smallest in modification 2.

(3) TFor the bottom eleven pupils there is a large
increase in average marks between the conventional
and modified systems, with the exception of
modification 2,

In order to find out if the three different scoring
systems produced a different rank order among the
pupils, the rank of each pupil in each of the scoring
systems was established and is shown in Table 6.7. The
Spearman Rank Order Correlation Coefficients between
the conventional scoring system and each of the three
modified systems were calculated and are shown in
Table 6.8,

Table 6.7

The rank order of each pupil in the conventional,
~and three modified scoring systems.

Pupil Conventional Rank Rank Rank
Number Score Rank (wiley)  (Modifi- (Modifi~
cation 1) cation 2)
1 25 19 22 18
.2 17 19 17 18
3 4 15 10 14
4 52 19 28 18
5 63 74 70 74
6 25 41 35 40
T 63 53 54 53
8 41 35 35 33
9 11 3 3 6
10 93 74 84 74
11 41 61 54 61
12 52 48 49 48
13 11 11 10 10
14 20 : 29 35 33
15 63 61 . 64 61

16 /



Table 6.7 (cont'd)

Pupil Conventional Rank Rank Rank

Number Score Rank (Wiley) (Modifi- (Modifi-
4 ' cation 1) cation 2)
16 25 19 22 18
17 25 19 22 18
18 11 3 3 3
19 11 11 - 10 10
20 3 8 3 6
21 4 : 19 16 18
22 25 31 28 29
23 41 : 35 35 33
24 20 35 28 33
25 20 ; 29 22 28
26 4 9 9 8
27 4 .5 3 4
28 25 41 35 40
29 11 11 10 10
30 25 31 28 29
31 20 53 44 53
32 4 1 2 ' 1
33 52 " 41 44 40
34 41 82 70 82
35 B | 9 3 8
36 41 35 35 33
37 25 41 35 40
38 11 11 10 10
39 52 48 49 48
40 63 53 54 23
41 63 53 54 53
42 25 19 22 18
44 52 . 5 44 40
45 17 13 17 - 18
46 25 15 17 14
47 4 5 3 N
48 1 1 1 1
49 25 19 22 18
50 25 3] 28 29
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Table 6.7 (cont'd)

Pupil Conventional Rank Rank Rank
Number Score Rank (wiley) (Modifi- (Modifi-
cation 1) cation 2)
51 83 74 76 74
52 T4 78 76 78
53 93 100 98 100
54 . 52 58 54 58
55 . 74 70 70 70
56 63 82 76 82
57 63 , 61 64 61
58 63 82 76 82
59 52 78 70 78
60 25 31 28 29
61 25 15 17 14
62 4 15 10 14
63 63 61 64 61
64 83 - 91 89 90
65 52 58 54 58
66 93 - 88 92 90
67 74 8 76 78
68 87 92 92 92
69 52 48 49 48
70 100 98 98 98
7T 52 86 76 86
72 63 35 44 33
73 93 96 96 96
74 74 92 89 92
75 52 48 49 48
76 87 92 S92 92
77 74 58 64 58
78 74 48 54 48
79 100 98 98 98
80 93 9. 96 96
81 17 19 17 18
82 87 90 89 88
83 74 70 70 70
84 41 53 49 53
85 87 70 % 70

86 74 78 76 -8
87 / :
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Table 6.7 (cont'd)

Pupil  Conventional Rank Rank Rank
Number Score Rank  (Wiley) (Modifi-  (Modifi-
cation 1) cation 2)
87 41 61 54 61
88 41 74 64 74
89 25 41 35 40
90 87 86 87 86
91 T4 90 87 88
92 103 103 103 102
93 93 - 100. 98 102
94 93 , 100 98 100
95 25 41 35 40
96 41 61 54 61
97 83 61 70 61
98 87 92 92 92
99 63 61 64 61
100 83 82 84 82
101 41 47 44 47
102 20 | 35 28 33
103 100 70 84 70
Table 6.8

Spearman Rank Order Correlation Coefficients between
the conventional Multiple choice scoring system and
each of the other three systems,

Scoring System Correlation Coefficient
'Wiley! 0.89
Modification 1 0.95
Modification 2 0.90
Observations

The rank correlations between each of the scoring
"systems and the conventional scoring system are very
high, When the number in the sample is large (N greater
than 25) as in this case, the value of the correlation

coefficient tends to be unreliable, but, however, it

gives /
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gives a good indication of the cbrrelation that does
exist.

Conclusion

If it is accepted that Wiley's marking system
and the first modification of it are essentially the
same system (modification 1 is merely a simplified
version to facilitate calculations), then the question
to be answered is - are either the first or second
modifications, as scoring systems which allow for
partial knowledge, an improvement on the conventional
scoring system which makes no allowance for partial
knowledge. The only difference between these two
systems is that, whereas the second modification includes
a penalty mark, the first modification does not.

In general, the pupils who would be expected to
gain most from any marking system which &l lows for
partial knowledge would be those in the middle to bottom
range of any distribution of multiple choice test marks,
as it is these pupils who have the fewest number of
correct responses and consequently a greater number of
items which could gain marks if a correction is applied
for partial knowledge. On the other hand, since these
pupils are not as able as their counterparts a the top
end of the distribution . there is no guarantee that
they will gain significantly from scoring systems which
allow for partial knowledge.

The results in Tables 6.3 to 6.6. show that under
the first modification of the scoring system the best
pupils have gained, on average, 1.3 marks, the middle
group of pupils have gained 2.9 marks, and the lowest
group of pupils have gained 4.3 marks. This shows
that the middle to bottom range of pupils stand to
gain most from'an application of the first modification

~of Wiley's scoring system.

Under this first modification, then, pupils can

only /



only gain marks or at worst remain on the same mark,
since there are no penalty marks. Under the s econd
modification of Wiley's scoring system pupils will have
marks deducted from their total mark if an option they
designate as one of the definitely wrong choices is
actually the correct option. However, their overall
mark will only decrease if the number of times this
error occurs exceeds the number of instances in which
the correct answer is one of the options they have not
designated as being definitely wrong or absolutely
correct.

From the results, it can be seen that no particular
group of pupils made any great gains from this method,
in fact, the best pupils only gained 0.3 marks and the
lowest pupils gained 0.2 marks, so it would appear
that the second modification is of no real advantage
to pupils as a measure of partial knowledge, especially
to those in the middle to bottom marks range who would
stand to gain most from such a marking system. From
this point of view, I would say that the first
modification of Wiley's scoring system is more desirable
as a measure of partial knowledge as any such measure
should add to the marks of pupils and not, as happened
in some cases, reduce them. '

Non-objective Science examinations contain questions

that give credit for partial knowledge, whether they

be of the essay type with a previously agreed marking
scheme or a more structured type of question where the
total mark gained is the sum of the marks gained in the
various parts of the question which may or may not be
related to each other. Therefore, the pupil who has

some knowledge of the topic being examined is given

credit for some knowledge of.that topic.

In multiple choice questions the pupil is given
no credit for partial knowledge. The scoring systems
described in this investigation give some credit for
partial knowledge. Although they only offer a possible

fraction /

102



103

fraction of a mark per item, the sum of these fractions
in a test consisting of a large number of items could
have a significant effect on the final mark achieved
by the pupil, and give a more accurate representation
of that pupil's knowledge at the time of the test than
would under the conventional multiple choice marking
system.

It has been the author's experience that relatively
small correlations exist between pupils' performances
on written tests and their performance on multiple
choice tests. This could be due to the fact that
while pupils are given credit for partial knowledge in
written examinations, no such credit is given in multiple
choice tests. If this is the case then the correlations
between performance on multiple choice tests which give
credit for partial knowledge and written tests should
be higher, than when no credit is given for partial
knowledge on multiple choice tests. It is for further
research to investigate this hypothesis.,

Although the rank order correlations between the
variosus scoring systems and the conventional multiple
chnice scoring system are high and could indicate merely
a scaling of the marks, it is important that a distinction

is made between rank order and raw scores.

The pupils' rank order when obtained using a
scoring system which gives credit for partial knowledge
may not be altered significantly, but the overall
mark obtained is a more accurate representation of his
performance in that subject. It must be decided at
the outset if the purpose of giving the test is to
rank the pupil within his class or peer group or whether
the object of the test is to measure accurately his

ability in that subject.

Of all the scoring systems which allow for partial
knowledgé, a system based on the "Three-decision multiple
choice" test is the only system which could be adopted

as suitable for use with secondary pupils of a wide

range /
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range of ability. It uses conventional multiple

choice questions, the instructions are easily under-
stood by all pupils and it is relatively easy to mark,
This type of test takes slightly longer than the
conventional multiple choice test to administer although.
at this time it is not known how the pupils tackled the
questions. They may have worked through the test

item by item or they may have treated it as a conventional
multiple choice test and returned to the beginning to
insert crosses against the responses they thought were
definitely wrong.

It is for further work to investigate this aspect
of the test. It would also prove useful to compare the
“hree-~decision multiple choice test" and the conventional
multiple choice test in terms of their relationship to
a criterion of academic achievement such as the pupil's
science mark for the previous year. The marks for the
"Three~-decision multiple choice test" should correlate
more highly with academic achievement than the marks
from the same test scored as a conventional multiple
choice test if the "Three-decision multiple choice"
test is actually an improvement over the conventional
multiple choice test.

L T
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CONCLUSTIONS

AND RECOMMENDATIONS

In this thesis several aspects of the use of
multiple choice tests in schools have been investigated.
The main findings are now summarised:-

(1) An investigation into the effect of changing initial
responses on multiple choice tests has shown that,
contrary to the popularly held belief, it has proved
advantageous for pupils to change their initial responses
to multiple choice items if they judge that their
initial response was incorrect. This has implications
for test constructors, who may wish to examine this
finding further with a view to altering the instructions
given to pupils in multiple choice tests.

(2) It has been found that the alteration of the
response position within an item has no significant
effect on the performance of that item except when this
has the effect of altering the position of the most
plausible distractor. This effect is greatest when
the most plausible distractor is moved to a position
immediately before the correct answer.

(3) A small item order effect has been observed, but
in the opposite direction to that observed by some
other investigators in that test performance is
improved inthe difficult to easy arrangement of the

items in the test.

There are two aspects of the use of multiple choice

tests where there should be further research:-

(1) To establish what is the optimum number of choices
which should be used in multiple choice items. At

the present time the number of choices used in multiple
choice items is either four or five, with four choices
gradually becoming the more popular, because when using

five /
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five choices it is difficult to obtain four distractors
which will all function, therefore, effectively reducing
the item to a four choice item. This, in effect,

means that some of the time and money s pent in writing,
selecting and pre-testing the items has been wasted.

In view of the need for economy of time and money
it may prove fruitful to investigate the possible use
of three choice items which have been suggested by some
investigators. In this type of item it would be
relatively easy to find two distractors which would
function effectively and a test containing this type
of item would take less time to construct and administer.
Research has shown that the test statistics are not
altered significantly by the use of three choice items.
For example, Ebel(Sag has stated that the expected
reliability for a 100 item multiple choice test
containing items with three choices is 0.83 compared
with 0.86 for a test containing items with four choices,

(2) The construction of a scoring system which allows
- for partial knowledge. A preliminary investigation
has already been carried out, in Chapter 6 of this
thesis, into the use of the "three-decision multiple
choice" test using items with five choices as a possible
method of assessing partial knowledge. It is possible
that questions with five choices may not be the best
form of the "three-decision multiple choice" test
because with five choices most pupils can find at least
two choices which seem definitely wrong. The "three-
decision multiple choice" test with items having four
chhices would appear to be a better form because the
pupil has to make a judgement about each of the
choices, because the one choice he.does not mark has
to be the one he thinks is most likely to be correct
if his choice of the correct alternative sh-uld happen
to be wrong. In addition, by using items with only
four choices the average chance score will be lowered.
It is for further research to find out if the four

choice /
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choice form of the "three-decision multiple choice®
test is the better form.

A second method of scoring which allows for
partial knowledge is what is known as the confidence-
scored multiple choice test in which the e xaminees are
asked to express their distribution of preference for
options as well as their certainty in that distribution.
The Method of Intrinsic Items, devised by Rippey(24)
and described in Appendix 1 is one such method which
is worthy of further investigation. Intrinsic items
require a distribution of belief over the options in
e multiple choice test and do not have unique correct
responses and they reflect realistically situations
which require choices among a finite number of choices,
none of which is uniquely correct.

It is essential that the nature of the objectives
to be assessed and the ability of the examinees be taken
into account when using scoring procedures which allow
for partial knowledge. Whereas the Method of Intrinsic
Items could be used with university students, the
instructions would be far too complex for school
pupils to comprehend, especially in the first two years
of the secondary course where there is a wide range
of ability among the pupils following the common course.
It has been shown in Chapter 6 that the "three-decision
multiple choice" test can be used successfully with
pupils at this level.
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APPENDIX 2

TEST FOR INTEGRATED SCIENCE SYLLABUS - SECTION ONE

-

1. The pulse rate of a boy before exercise was 60 per

minute,

after exercise?

(a)
(v)
(c)
(a)
(e)

Which is likely to be his pulse rate

40 per minute

60 per minute

200 per minute

O per minut

e

90 per minute

2. To find the weight of water in a carton you must
use:- '

. (a)
(b)
(c)
(da)
(e)

the balance
the balance
the balance
a measuring
a meésuring

once
twice

three times
cylinder once
cylinder twice

. 3. Fifty cubic centimetres of water was boiled using
a yellow flame, then the same volume heated using
a blue flamej which one of the following statements

flame takes less time.,
flame is hotter.

ame takes less time.
ame takes longer.

The two flames take the same time.

is true?

(a) The yellow
(b) The yellow
(¢) The blue fl
(d) The blue fl
(e)

4. | You have a jar of sand and water and you wish to

 separate them

(a)
()
~(e)
(d)
(e)

Shake the m

- you would:-

ixture.

Heat the mixture.

Freeze the mixture,
Pour the mixture through a filter,

Pour the mixture through a tube,

5. The weight of an object is measured in -

(a)

/



6.

Te

8.

9.

(a) degrees
(b) grammes
(¢) centimetres
(d) millimetres
(e) millilitres

When we want to take the temperature of something

we use -~

(a) a manometer
(b) a barometer
(¢) a thermometer
(d) a thermopile
(e) a centigrade

A girl was asked to find out what was in a sealed

box. She found that when she held it one way,
‘she heard things rolling inside the box. She
held it another way and she heard sliding.

She shook the box and heard a metallic sound.
What do you think was in the box?

(a) steel balls
(b) Wooden balls
(¢) Wooden cylinders
(d) Steel cylinders

(e) Steel cubes

A boy was asked to find out as much as possible

about what was inside a sealed box. He picked
it up, shook it and said, "It is a bath sponge."
He was correct. What is your scientific comment

on this?
(a) He was a very observant boy.

(b) He was a boy who always guesses.,
(¢) The box did not rattle so it must have been

4 a sponge. ,
(d) He had not enough evidence to make that

reply.
(e) The box was just the right size for a sponge.
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9. What is the main reason for using paper for
filtering? ‘

(a)
(o)
(c)
(d)
(e)

It is easily cut to shape,

It is full of very small holes.
It tears easily when wet.

It can easily be folded.

It is easy to write on.

10. Using the apparatus available in your science
laboratory, what would you do to find the weight
of potato crisps in a packet of crisps?

(a)
(v)
(e)
(da)
(e)

Weigh a full packet of crisps.

‘Read the weight printed on the packet.

Put the crisps in a measuring cylinder.

Weigh a packet full and weigh a packet empty.

Weigh yourself before and after eating the
crisps.

11. An empty beaker weighs 20 g. When it contains
50 cm3 of a liquid it weighs 60 g. What is the
weight of the liquid?

(a)
(b)
(c)
(a)
(e)

20 g
30
40
50
60

om 0 0y 09

12, If water in a beaker is heated until it boils,

its
(a)
(b)
(c)
(d)
(e)

temperature will be -
0%

70°C

100°¢

105°¢

39°C

13, A thermometer is used for measuring -

(a)
(b)
(e)
(d)
(e)

heat
weather
therms
temperature
expansion
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14, Which of the following would You use to measure
the volume of a stone?

(a) A balance and a beaker of water.
(b) A measuring cylinder.

(¢) A measuring cylinder and water.
(d) A balance.

(e) A ruler.

15, If someone reported that he had made a new
discovery, which upset a well-known scientific
theory, you would -

(a) ignore his report. _
(b) find if he came from a scientific family.
(¢) find out if his experiments can be repeated.
(d) give up the theory.

(e) change the textbooks.

16, A detective was investigating a crime. He walked
into a room where the crime had just been
committed. He carried a bottle full to the
brim with water, poured out the water and then
screwed the stopper firmly on and walked out.
What was he d oing?

(a) He was making the dust settle.

(b) He was making a plaster cast of a footprint.
(¢) He was purifying the air,

(d) He was collecting a sample of the air in

the room.
(e) He was measuring the rate of flow of water,

17. A stethescope is used for -

(a) 1looking at steths.

(b) taking your pulse.

(c) 1looking at tiny creatures.

(d) measuring your breathing rate.
(e) measuring your heartbeat.

Questions 18 and 19 refer to the following:-
John and James dived into the swimming pool. John had

a cold /
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a cold shower before entering the water. James had a
hot shower before entering the water. They could say:-

(a)
(o)
(e)
(d)
(e)

"The water is cold."

"The water is normal,"

"The water is chlorinated."

"The water is warm,"

"I wish I had not taken a shower."

18, Which is John likely to say?

19, Which is James likely to say?

20. They both have different answers yet they were

both in the same pool. What does this indicate?
(a) That the water in the pool was not well mixed.
(b) That one of them was thick skinned.

(¢) That one of them was cold-blooded.

(d) That they should not have had a shower

(e)

before entering.
That human senses are not very reliable.
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APPENDIX 3

TEST gOR INTEGRATED SCIENCE SYLLABUS - SECTION

1.

TWO/THREE

What is the name given to the swollen part of a

worm?

(a) sSaddle

(b) Segment

(¢) Sheath

(d) stirrup

(e) None of these

We classify an animal as an amphibian if -

(a) it breathes through gills all its life.

(b) its body is covered with scales.

(¢) it spends early part of its life entirely
in water but leaves the water when fully
grown.

(d) it can either live in water or on land.

(e) it lays eggs.

Vertebrates all possess backbones - Man is a

vertebrate. Which of the pairs of animals
below belong to the Vertebrate group?

(a)
(o)
(c)
(d)
(e)

Earthworm and jellyfish

- Sponge and snail

Crab and spider
Cat and elephant
Starfish and leech

Which of the following lists is made up entirely
of substances that have come from once living

material?

(a)
(b)
(c)
(a)
(e)

Concrete, brick, lead
Glass, cement, silver
0il, wood, paper
Rock, clay, snow
Water, gold, iron
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5. Which of the following gnimals is invertebrate?

(a) Hamster
(b) Kangaroo

(¢) sSnail
(4) Snake
(e) Shark

6. Which of the following is a set of vertebrates only?

(a) Horse, worm, salmon, frog

(b) Mouse, rabbit, sheep, tadpole

(¢c) Lizard, snake, caterpillar, snail
(a) Man, ape, starfish, jellyfish

(e) Frog, hamster, snake, jellyfish

Questions 7 and 8 refer to the following table:-

Set 1 Mouse Herring Apple Moss Coral
Set 2 Balance Beaker Nail Water Ink

Select from the'following list the correct name for
each set

(a) Moving

() Living

(e) Dead

(d) Stationary

(e) ©Non-living

Question 7. A1l the members of set 1 are?
Question 8. A1l the mémbers of set 2 are?

Use the following types of energy for questions 9
to 13:-

(a) Kinetic or Movement energy
(b) Light energy

(¢) Electrical energy.

(d) Potential energy

(e) Chemical energy

Choose /
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Choose the energy groduced when,

9. A bulb is connected to a cell,

10. A boy lifts a weight from the ground.,

11. Electricity is supplied to an electric motor.

12, Coal is burned. |

13. An object is dropped from a height,
The following refer to questions 14 to 20:-
(a) Mammals
(b) Reptiles
(¢) Amphibians
(d) Pish
(e) Birds

14, A toad belongs to the set of -

15. A python belongs to the set of -

16. You belong to the set of -

- 17. A shark belongs to the set of -

18. A whale belongs to the set of -

19. A crocodile belongs to the set of -

20. A duck belongs to the set of -

21. When a piece of magnesium is heated, the energy
. change is:-
(a) Heat eﬁergy + chemical energy - light energy
(b) Heat energy + kinetic energy —> sound energy
(¢) Heat energy + chemical energy -» sound energy
(d) Heat energy + potential energy > light energy
(e) Heat energy + light energy —> chemical energy

22, Which one of the following is not a form of energy?
(a) sound
(b) Light
(¢) Electricity
(d) Gas
(e) Movement

23, /




23. All energy on the earth comes from -

(a)
(b)
(e)
(d)
(e)

24, Livin

(a)
(b)
(e)
(d)
(e)

25. Which
use

(a)
(b)
(c)
(d)
(e)

26, Which
the
int

(a)
(b)
(c)
(d)
(e)

27. Which

(a)
(b)
(c)
(d)
(e)

28. When
is

(a)

the sun, .
light,
movement.
heat,
air,

g things mainly get energy directly from -

the sun.
water,
heat.
food.
light.

device, or combination of devices would you
to change light energy into movement energy?

Electric motor
Photo-cell

Battery .
Photocell, electric motor
Battery, electric motor

device, or combination of devices, would be
simplest way of changing chemical energy
o light energy? :

Battery, bulb
Photocell, bulb
Dynamo, bulb

Steam engine, bulb
Steam engine, dynamo

of the following is not a form of énergy?

Rubbing
Heat
Electricity
Sound

Light

a tin of nails is shaken, the energy change

from:-

/
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(a)
(b)
(e)
(a)
(e)
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potential energy to sound energy
sound energy to kinetic energy
chemical energy to sound energy
kinetic energy to sound energy
sound energy to chemical energy

29, When an electric light is switched on the main
energy conversion is from electrical energy to -

(a)
(b)
(c)
(d)
(e)

sound energy.
heat energy.
chemical energy.
light energy.
potential energy.

30, The spring of a toy car was wound up and then it
was placed on the bench, Which of the following
describes the energy conversion that takes place?

(a)

().

(e)
(d)
(e)

Kinetic energy — sound energy
Potential energy — kinetic energy
Potential energy — heat energy
Kinetic energy — heat energy
Potential energy ->sound energy
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APPENDIX ¢4

TEST FOR INTEGRATED SCIENCE SYLLABUS - SECTION FOUR
1. After a few weeks the brown solution will be -
(a) 1lower
(b) higher
; water
(c) the same height :
(d) crystallised
(e) Dblue brown
solution
2. The process taking place in the above experiment
is called -
(a) dispersion
(b) filtration
(¢) distillation
(a) diffusion
(e) crystallisation
3. When watching Brownian movement in a suspension of
smoke in air, through a microscope, the white
specks are seen to dance about. This is
because -
(a) +the white specks are moving themselves about.
(b) the white specks are jostled about by
colliding with air particles.
(¢) heat from the light bulb was causing the
white spécks to dance about.
‘(d) the air particles all move in the same
direction. .
‘(e) a draught was getting into the smoke cell.
4. If a bottle of perfume is spilled at one end of a
room we quickly smell it at the other end because
the perfupe particles find their way between the
air particles. This process is called -
(a) diffusion
"(b) decomposition
(¢) dilution
(d) dispersal
(e) mixing
5. /




5. The states of matter are -
(a2) solid, crystal, gas.
(b) solid, liquid, gas.
(e) solid, vapour, gas.
(@) atoms, molecules, particles.
(e) mass, length, time.
6. All matter consists of particles called -
(a) crystals
(v) elements
(e¢) colloids
(d) compounds
(e) atoms
T In solids the particles are -
(a) +tightly packed in neat rank and file order.
(b) spaced well apart.
(¢) moving about at high speeds in all directions.
(d) not moving at all.
(e) close together but moving about slowly.
8. Which of the following substances is a gas?
(a) Oxygen
(b) Mercury
(e¢) carbon
(d) water
(e) Smoke
9. A substance which contains only one kind of atom
is called -
(a) a molecule.
(b) a crystal.
(¢) a compound.
(d) a mixture.
(e) an element.
10. The least number of elements which can form a
compound is -
(a) O
(b) 1
(e) 2
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11.

12,

13.

14,

15.

16.
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Hydrogen is an example of -

(a)
(b)
(c)
(a)
(e)

& compound,
a mixture,
a solid.,
an element,
an al loy.

Copper sulphate is an example df -

(a)

(b)
(e)
(a)
(e)

an &l loy.

a compound.
an element,
a mixture.
a metal.

Copper sulphate contains -

(a)
(v)
(c)
(d)
(e)

only copper atoms.

copper, sulphur and oxygen atoms,
only. sulphur atoms. ,

copper and sulphur atoms.

copper and oxygen stoms.

If an element Iron combines with an element sulphur
to form a compound called iron sulphide, the
properties of iron sulphide will be -

(a)
(v)
(c)

(a)
(e)

similar to those of iron.

similar to those of sulphuf.

entirely different from those of iron or
sulphur,

a mixture of the properties of iron and sulphur.

more like those of iron than sulphur.

The figure in the diagram opposite represents -

(a)
(v)
(c)
(d)
(e)

the molecules of a solid. [ Ro

the molecules of vyater. %'Mg \2
the molecules of a liquid. z\ o7
the molecules of a metal. t o S

the molecules of a gas.

In which of the following substances would the
particles be closest together -

(a)

/




17.

18.

19.

20,

21,

(a)
(v)
(c)
(d)
(e)
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carbon dioxide.
water

alcohol

lead |
carbon

In which of the following materials would the
particles have the most kinetic energy?

(a) oxygen at - 20°C
(p) ice at 0%
(e) water at 20°C
(d) iron at 200°
(e) mercury at 20°C
Which of the following compounds contains three
elements? :
(a) sulphur trioxide
(b) sodium sulphate
(¢) silver iodide
(da) water
(e) sodium chloride
Name the elements in Magnesium phosphide:-
(a) Magnesium, phosphorus, oxygen.
(b) Manganese, phosphorus.
(e) Magnesium, potassium, oxygen.
(d) Magnesium, phosphorus.
-(e) Manganese, phosphorus, oxygen.
On heating -
(2) all substances contract.
(b) all substances expand.
(¢) only gases expand.
(d) all selids contract.
(e) some substances contract and some expand.
Invar
Invar
4 —
—1 - Brass
Brass

before heating

after heating

The above /




22.

23.

24.

25,

The above experiment with fhe bi-metallic strip
indicates that -

(2)
(b)
(c)
(da)
(e)

invar expands at a greater rate than brass.
brass expands but invar does not.

brass expands at a greater rate than invar.
invar expands but brass does not.

brass and invar expand at the same rate.

I put my finger on the end of a bicycle pump.
When the pump is filled with air I can push the

handle down a long way.

with water I cannot push the handle down at

all,

(a)
(v)

(c)

(a)
(e)

This suggests that -

water particles are continually on the move.
the spaces between air particles are smaller
than the spaces between water particles.
the spaces between air particles are bigger
than the spaces between water particles.
there are no spaces between water particles.
there are no spaces between air particles.

Air pressure can be measured using -

(a)
(b)
(c)
(d)
(e)

a thermometer.
balance,

hygrometer.
hydrometer.

a
a
a
a barometer,

What should a compound containing the elements
Calcium, Nitrogen and Oxygen be called?

(a)
(b)
(e)
(d)
(e)

‘Calcium nitride.

Calcium nitrate
Calcium oxide
Calcium oxine
calcium nitroxide

A thin sheet of paper is placed on top of a test

 tube full of water.

the water remains in the test tube because -

(a)

/

When the pump is filled

124

When the test tube is inverted



(a)
(v)

(c)
(a)

(e)

paper is a solid and is waterproof.

the water acts as a glue and holds the paper
on to its surface.

water cannot exert pressure.

air pressure is pressing the paper against
the water.

water and air have different densities.

125
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APPENDIX 5

TEST FOR INTEGRATED SCIENCE SYLIABUS - SECTION FIVE

1.

2.

3.

4,

A piece of filter paper is soaked in water. It
would d ry most quickly when -

(a)

(v)
(e)
(d)
(e)

placed on a cold flat surface free from
draughts,

placed on a warm surface free from draughts.

when wrapped up in a rolythene bag.

when folded up into small squares.

placed on a warm surface with ﬁarm air
blowing over it,

Which of the following would be the most suitable
method of obtaining drinking water from sea water?

(a)
(v)
(c)
(d)
(e)

Filtration
Crystallisation
Distillation
Chromatography
Chlorination

Chlorophyll cannot be extracted from plants using
water as a solvent because water is not a solvent
for chlorophyll. This means that chlorophyll -

(a)
(b)
(c)
“(d)
(e)

will dissolve in water.

is soluble in water.

is insoluble in water.

will only dissolve in water,

will dissolve in anything but water,

To dissolve a solid quickly in water one generally

should -

(a)
(v)
(c)
()
(e)

have large particles, stir and heat.
have large particles, do not stir but heat.
have small particles, stir and cool.

have small particles, stir and heat.

have small particles, do not stir but heat.



5 When saliva is added to starch the starch is -

(a)
(v)
(c)
(a)
(e)

6. Nature demonstrates a complete distillation process

(a)
(b)
(e)
(a)
(e)

changed in colour.

combi

ned with saliva,

broken down to sugar,
unchanged,

broke

where?

n down to water.

Wet roads -y winds — dry roads.
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Leaves fall - rotting -5 fertilizer — new leaves.

Dead

Sea —» Sun - gets saltier.

Gas rising from marshy ground.

Sea - Sun -»(Clouds = cold — rain

T. In an experiment you have four different liquids

and one solid. You wish to discover which
liquid dissolves the solid fastest. In setting
up the experiment you should observe four of the

following rules. Which one is wrong?

(a) Take the same volume of each liquid.

(b) Take always the same weight of the solid.

(e) Stir only those which require it.

(d) Keep all the liquids at the same temperature.
(e) Give each liquid the same amount of stirring.

8. The above experiment is an example of -

(a)
(b)
(c)
(d)
(e)

keeping only one variable constant.

keeping all variables constant.

setting up controls.
examining several variables at once,

variable controls.

9. Two powders.have become mixed by mistake. They

can be separated if -

(a)
(v)

(c)

they dissolve in water.,

a liquid ca

n be found which will dissolve

both equally well.

/

~arume e

i s
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(¢) & liquid can be found which will dissolve
one but not the other.
(@) they have different boiling points.
- (e) they pass through a sieve.

10. The number of bacteria is kept at a safe level in
our water supply by treating the water, at the
water works, in one of the following ways.

(a) Boiling it

(b) Adding chlorine to it
(¢) adding fluoride to it
(d) Piltering it

(e) Adding air to it

11, What is the name given to the arrangement which
consists of tiny droplets of fat suspended in
a liquid?

(a) An emulsion
(b) A solution
(e) A saturated solution
(d) A detergent
(e) An acid

12. A pinch of mustard helps vinegar to mix with olive
oil. Mustard is known as -

(a) an emulsifying agent.
(b) a solvent.

‘(e¢) a solute.

(d) a drying agent.

(e) an enzyme.

13, A pinch of substance Y was stirred into water in
a beaker. when a beam of light was shone at
the 1liquid, the part of the bean through the
liquid could be distinctly seen. Y could be -

(a) starch

(b) sugar

(¢) salt ,
(d) 4icing sugar
(e) sand
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14. In carrying out experiments in the laboratory to
test for the presence of enzymes in saliva the
test tubes were kept in a bath of water at
37°C. Why was this?

() Chemical reactions go better at low temperatures.

(b) Starches break down to sugars at temperatures
over 30°c,

(c) To ve as close to body temperature as possible.

(d) This is room temperature.

(e) This is the melting point of starch.

15, When a solid is dissolved in a liquid it is called
the -

(a) solvent.

() solution,

(¢) solute.

(d) ingredient,

(e) saturated solution.

The following information refers to questions

" 16 to 18.

(a) solute

(b) Solution‘

(c) Solvent

(d) insoluble

(e) Saturated solution

Which of these terms describes:-

16, A liquid which extracts the red colouring matter

from rose petals?

17. The liquid which remains when hot salt water is
cooled down until crystals of salt appear?

18, A red powder which, when stirred with alcohol and
filtered all remains on the filter paper?

19, A scientist suspects that some canned peas contain
a mixture of two green dyes, X and Y. He crushes

the peas /



20.
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the peas with water and makes a chromatogram
with the liquiad, He finds that the chromatogram
ponsists of a single ring of dye X. He tries
again using acetoneas a solvent, and gets a
single ring of dye Y. He then repeats the
experiment, using alcohol as a solvent, and
obtains a separation of the two dyes in his
chromatogran. Which one of the following state-
ments is true?

(a) X is soluble in alcohol but Y is insoluble.

(b) Y is soluble in water but X is insoluble.

(e) Y is soluble in water but insoluble in acetone.

(d) X is soluble in alcohol but insoluble in acetone.
X

(e) and Y are both soluble in acetone.

Two experiments were set up in beakers of warm
water. A consisted of Visking tubing which con-
tained starch solution and B consisted of Visking
tubing which contained starch solution and saliva.
At the start of the experiment the water in the
beakers was tested for starch and sugar. Neither
was detected. After a period of time the water
in the beakers was tested again and all that could
be detected was some sugar in bath B.  Which one
of the following statements on these experiments

~is NOT correct?

(a) Starch can be changed to sugar,

(b) Sugar can pass through the Visking tubing.
(¢) Starch cannot pass through the tubing.

(d) The warmth of the water had caused the

starch to change to sugar.
(e) The saliva had caused the change in the starch.
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APPENDIX 6

TERM TEST FOR PFIRST YEAR PUPILS FOLLOWING
INTEGRATED SCIENCE SYLLABUS
1. Which of the following methods would you use to
obtain pure salt out of a mixture of salt and
sand?
(a) Pick out the grains of sand with tweezers.
(b) Pour water on the mixture, heat it, and then
leave it to evaporate.
(c) Dissolve the salt, filter off the sand,
evaporate the salt water,
(d) Wash the mixture under the tap to wash away
the sand.
(e) Dissolve the mixture and distill the
solution.
2. Chromatography is a process best described as -
(a) filtering with filter paper.
(b) showing whether substances are soluble or
_ otherwise.
(c¢) dissolving solid substances.
(d) separating a liquid into the substances
which make up the liquid.
(e) taking colour photographs.
3,  Brine (salt water) —ysteam. Which one of the
. alternatives below pest fits the above process?
(a) Crystallisation
(b) Condensation
(¢) Dissolving
(d) Distillation
(e) Evaporation
4, Steam —yliquid water. .Which one of the alternatives

below best fits the above process?

(a)
(b)
(e)

(a)

(e)

Evaporation
Condensation
Distillation
Dissolving
Crystallisation



Liquid water - brine,
below best fits the above process?

(a) Crystallisation
(b) Condensation
(¢) Dissolving

(d) Distillation
(e) Evaporation

Brine — Saturated salt solution. Which one of the
alternatives below best fits the above process?

(a) Evaporation

(b) Distillation
(e) Dissolving

(d) Condensation
(e) Crystallisation

Saturated salt solution — salt crystals. Which
one of the alternatives below best fits the

above process?’

(a) Crystallisation
(b) Condensation
(¢) Dissolving

(d) Distillation
(e) Evaporation

. Salt crystals —yBrine. Which one of the alter-

natives below best fits the above process?

(a) Evaporation

(b) Distillation
(e) Dissolving

(d) Condensation
(e) Crystallisation

Brine —ypure water, Which one of the alternatives

below best fits the above process.?

(a) Crystallisation
(v) Condensation
(¢) Dissolving

(d) Distillation

(e) Evaporation

Which one of the alternatives

132
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10, When a liquid is heated, it will sometimes turn
into a gas. When the gas is cooled, it turns

into a 1liquid. These two operations are best
described asg:-

(2) Evaporation and distillation
(b) Distillation and crystallisation
(¢) Evaporation and condensation
(d) Distillation and condensation
(e) Evaporation and crystallisation

11. A boy said that aluminium was lighter than lead -
yet another boy said he could prove that was
wrong. He produced a block of lead and a block
of aluminium and weighed them separately. They
both weighed the same. When compared with the
lead block, was the aluminium block:-~

(a) smaller

(b) bigger

(e¢) +the same size
(d) heavier

(e) 1lighter

12, Two blocks of the same size were placed on a bench.
One was much lighter to pick up, because it was -

(é) more dense.

(p) made of plastic.
(¢) made of aluminium.
(d) 1less dense.

(e) made of wood.

13. Two boys decided to balance a pair of scales by
pouring some water on one side, and someBmercury
on the other side. They knew that 1 cm” of
water weighed 1 gram and that 1 cm” of mercury
weighed 13 grams. One boy measured out care-
fully 13 cm3 of water and poured it on the left
side pan. Then the other boy carefully measured
out a quantity of mercury, poured it on the other

side and the scales balanced. The quantity of

mercury he poured on was:i-

(a) /
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(a) 1 cm
(b) 1 grem
(¢) 13 cm’

(d) 1 square centimetre
(e) 13 cubic grams

. 14, Which of the timing devices below would you use
to find the time taken for an egg to be soft
boiled?

(a) A spring swings to and fro 20 times a second
‘ and when set swinging will swing for 2
seconds.
(b) A 5 cm length of magnesium burns away completely
in 5 seconds,
(¢) a 10 cm’ measuring cylinder fills completely
4 from a dripping tap in 10 minutes.
(d) a 12 cm candle burns away completely in
6 hours,
(e) The sun sets approximately every 24 hours.

15. Which one of the timing devices below would you
use to find the time taken for a man's hair to

- grow 2 cms. in length?

(a) The sun sets approximately every 24 hours.
(b) A 12 cm candle burns away completely in 6
hours. '
(e) A 10 cm measuring cylinder fills
completely from a dripping tap in 10 minutes.
(d) A 5 cm length of magnesium burns away

completely in 5 seconds.
(e) A spring swings to and fro 20 times a second

and when set swinging will swing for 2

seconds.,

16. Which of the timing devices below would you use to
find the time taken for a cricket ball to fall
from the ceiling of the laboratory to the floor?

(a) A 5 cm length of magnesium burns away

completely in 5 seconds.

(v) /
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(b) A 10 cm? measuring cylinder fills completely
from a dripping tap in 10 minutes.

(¢) A 12 cm candle burns away completely in
6 hours.

(d) The sun sets approximately every 24 hours.

(e) A spring swings to and fro 20 times a second
and when set swinging will swing for 2
seconds.

17. Which of the timing devices below would you use to
find the time taken for a man to walk 12 kilo-
metres at a normal walking pace?

(a) The sun sets approximately every 24 hours.

(b) A 12 cm candle burns away completely in 6
hours.

(e) A 10 em’ measuring cylinder fills completely
from a dripping tap in 10 minutes.

(d) A 5 cm length of magnesium burns away
compietely in 5 seconds.

(e) A spring swings to and fro 20 times a second
and when set swinging will swing for 2

seconds.,

18, Which of the-following lists is made up entirely
of substances that have come from once living

material?

(a) Water, gold, iron
"(b) Rock, clay, snow

(¢) 0il, wood, paper

(8) Glass, cement, silver
(e) Concrete, brick, lead

19, Vertebrates all possess backbones -~ Man is a

vertebrate,. which of the pairs of animals below

belong to the vertebrate group?

(a) Earthworm and jelly fish
(b) Sponge and snail

(¢) Crab and spider

(d) cat and elephant

(e) Starfish and leech

20, / | .
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20. An earthworm belongs to a gfoup of animals known

21.

22,

23.

as annelids, The body of the earthworm is
divided into sections called segments., Also in
this group of animals are leeches, bristle worms
gnd marine worms, Which of the following
things would you expect them to have in common?

(a) They are all in black.

(b) They all attach themselves to things by
using suckers.

(¢) fThey all live on land.

(d) They all have bodies that are divided up
into sections,

(e) They all live in water,

Copper and aluminium are among the substances
in the world that have never lived, Which one
of the following pairs of substances has never
lived? ' ‘ |

(a) Charcoal and coke
(b) ZLeather and wool
(¢) Sponge and linen
(d) Wood and wire
(e) Tin and iron

Earthworms live in the soil and make narrow burrows.
This making of burrows is beneficial to the soil
because -

(a) the farmer does not have to make holes in
which to put seed and plants.

(b) air and rain penetrate the soil.
(¢c) the earthworms making the burrows eat too

much soil.
(4) +the soil becomes hardpacked and flat.

(e) the burrows made huge mounds on top of the

soil.

Which type of water is the purest?

(a) Rain water
(b) Distilled water

(e) /



(c)
(a)
(e)
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River water
Sea water
Tap water

24, A beaker is very carefully filled with water so
that it is brim full, If two teaspoonfuls of
salt are now carefully added to the beaker the
water will - -

(a)
(v)
(c)
(d)
(e)

cause the salt to form lumps.
start to foam,

remain unchanged,

go down.

overflow,

25, What is the name of the process that allows water

to

(a)
(b)
(c)
(d)
(e)

be lost from the skin's surface?

Boiling
Evaporating
Distilling
Condensing
Fermenting

"26., 0il will float on water and wood will float on oil.
Water will float on carbon tetrachloride, but
mercury will not float on carbon tetrachloride.
For equal volumes of these substances, which

one of the answers below is correct?

(a)
(b)

(c)
(a)
(e)

The lightest of all these substances is oil.
Carbon tetrachloride is heavier than mercury.
Wood will sink in mercury.

Mercury is lighter than oil.

Wood is lighter than oil,

27. Which of the following represents the way in which
matter expands when heated?

(a)

(b)

(c)

Solids more than liquids, liquids more than

gases.
Iiquids more than solids, solids more than

gases.

/
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(c) Gases more than solids, solids more than

liquids,

(d) Gases more than liquids, liquids more than
solids,

(e) Solids more than gases, gases more than
liquids.,

28, 1Two flat strips of copper and iron were stuck
together, They were heated with the result that
the combined metal strip started to bend as shown.

/<>¢§ZZ2;§/ 45</é7/// ///44/——-Copper
i\Iron
c \Lheat
Copper
Iron

Which of the following provides the best explanation?

(a) The two metals fused to produce an alloy.
(b) The copper expanded more than the iron,
(c¢) The iron expanded more than the coprer.
(d) The copper started to melt.

(e) The two metals started to come apart.

29. What hanpens to the particles in a liquid when the

liquid expands? The particles -

(a) disintegrate into nothing.
‘(b) cause the volume to decrease.
(¢) move more slowly.

(d) become stationary.

(e) move faster,

30. 01d railway lines are not continuous stretches of

l1ine - thereare spaces in the track at intervals.
These spaces are present 1o allow for expansion

of the metal in hot weather. What would happen

if there were no spaces, and the metal expanded
a lot in hot weather?

(a) The track would buckle and bend.
(b) The two lines would melt together.

(¢) /
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(c) The track would becoge shorter.
(@) The trains would travel faster on narrower
track,

(e) The track would become too narrow for train
wheels,

31. Mercury in a thermometer expands when it is placed
under the tongue. What causes the mercury to
expand? )

(a) Saliva mixes with mercury, and the mercury
expands,

(b) Body heat causes the mercury heat to
expand.

(c) Pressure from the mouth causes the mercury
to expand.

(d) Gases in the mouth cause the mercury to
expand.

(e) Pressure from the teeth stretches out the

mercury.

. 32, The best explanation for the use of mercury in
thermometers is that it -

(a) can easily be seen,

(b) is a metal.

(¢) gives equal divisions.

(d) is cheap.

(e) is a good conductor of heat.

3%, When making a thermometer, how would you set about
putting a scale on the side of the glass tubing?

Place the flask in -

(a) ice

(b) hot water

(¢c) ice and boiling water

(d) Dbvoiling water
(e) water with a thermometer

34, Sulphur is an example of -

(a) an element.
(v) a mixture

(¢) /




(c)
(d)
(e)

asulphate,
a metal,
a compound.

35. Copper chloride is an example of -

36.

37.

38.

(a)
(b)
(c)
(a)
(e)

a mixture,
an alloy,
an element,
a compound.
a metal,

A girl accidentally spilled some iodine on her
hands. To remove it she should rub her hands

with:-
(a) distilled water
(p) acid
(e) alecohol
(d) water
(e) none of these
Milk is made up of tiny droplets of butter fat

suspended in water. The droplets of fat do not
separate out after a period of time because -

(a)
(b)

(e)
(a)

(e)

the fat droplets stick to the water particles.
the fat droplets gradually dissolve in the

water,
the fat droplets and the water particles

repel.
the fat droplets are held suspended by an

emulsifying agent.
the particles are too large to form a true

solution.

What energy change takes place when an electric

fire is switched on? .

140

(a) Kinetic ¢—> Heat
(b) Electrical<—> Kinetic
(¢) Chemical &— Electrical
(d) Electricale—>Heat
(e) Chemical &—> Heat

9. /
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39. What energy change takes place when a catapult is
released?

(a) Kinetic z——> Sound

(b) Kinetic ¢——> Potential

(c) Potential 4+~ Kinetic

(8) Potential &~ Greater potential
(e) ©None of these

40, 10 cm3 of a dark purple solution are ﬁut into a

3

measuring cylinder and 90 cm”’ of water added,

10 cm3 of this mixture are put into another

3

of water are added., By
3

measuring cylinder and 90 cm
how many times has the original 10 cm” of purple

solution been weakened?

(a) Ninety-eight times,
(p) Twice

(¢) A hundred times
(a) Pifty times

(e) Ten times



APPENDIX 7

TEST FOR INTEGRATED SCIENCE SYLIABUS - SECTION TEN

1, Acid has been spilled on someone's clothes., The
best treatment would be to -

(a)
(b)
(c)
(a)
(e)

do nothing until it dries.
send them to the cleaners.
wash them with vinegar.

wash them with sodium bicarbonate solution.
wash them with lots of water.

2. Sodium is stored -

(a)
(b)
(c)
(a)
(e)

in a bottle under water.

in a bottle under oil.

lying in an open box,

in g gas cylinder.

in a dropping'boftle.

3. A metal reacts slowly with dilute acid but not
with water. The metal is likely to be =

(a)
(b)
(c)
(a)
(e)

gold
mercury

sodium
calcium

zinc

4, Which of the following best explains what happens
when sndium is added to water?

(a)
(o)
(c)
(a)
(e)

The
The
The
The
The

sodium melts in the water,
sodium dissolves in the water.
sodium reacts with the water.
water absorbs the sodium.
sodium floats on the water.

5. The following facts are known about three metals
X, Y and Z. 7 tarnishes quickly in air while

X and Y do not.

7 and X react with dilute hydro-

chloric acid to give hydrogen while Y dpes not.
The order of reactivity, most reactive first, is -

(a)

/
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6.

7.

10.

(a)
(v)
(c)
(a)
(e)

Mo N N
N P M
BN P4 b4 DN <

A wasp sting is alkaline and so could be countered
by dabbing with a solution of -

(a)
(b)
(c)
(da)
(e)

soap.

salt.
washing soda,
vinegar,
ammonia,

These lists of metals are supposed to be in the

order of their decreasing vigour of reaction

with water. Which one is correct?

(a)
(b)
(c)
(a)
(e)

Iron - sodium - calcium - megnesium
Magnesium - iron - sodium - calcium
Sodium - magnesium - iron - calcium
Calcium - sodium - iron - magnesium
Sodium - calcium - magnesium ~ iron

All three metals in one of these lists displace
hydrogen from dilute acids, Wkich 1list is

correct?

(a)
(v)
(c)
(d)
(e)

Lead - magnesium - aluminium
Magnesium - aluminium - iron
Copper - aluminium - iron
Silver - magnesium - aluminium

Mercury - silver - copper

A gas lights with a pop and burns with a blue flame,

It is likeély to be -

(a)
(b)

(c).

(d)

(e)

nitrogen
hydrogen

air

carbon dioxide

oxygen

143
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10. A so0il sample was found to have pH = 5, It could
be neutralised by adding -

(a) a dilute acid,

(b) sand.

(c) a liquid of pH = 7,

(d) TLime (calcium hydroxide),
(e) a concentrated acid.

11. Which of the following metals will displace hydrogen,
most readily, from water?

(a) Tin

(b) Magnesium
(¢) Lead

(d) 1Iron

(e) Copper

12, Metal A displaces hydrogen slowly from water.
Metal B displaces hydrogen from an acid but not
from water, Metal C bursts into flame when
placed in oxygen. The order of reactivity,
most reactive first, is -

(a) ABC
(b) BAC
(c) CAB
(da) cCBA
(e) ACB

13, The pH of a neutral solution is -

(a) 10

(v) 9

(e) 7

(&) 5

(e) 1 )

14. A boy playing with a bottle from & chemistry set
spills some acid on the carpet. The best
remedy would be to treat it with -

(a) water
(b) 1lemon juice

(¢) /



15.

16.

17.

18.

19.

(¢) vinegar
(d) sodium bicarbonate
(e) soap
Water is a -
(a) compound of hydrogen, nitrogen and oxygen.
(b) - compound of hydrogen and oxygen.
(¢) compound of nitrogen and oxygen.
(d) mixture of hydrogen and nitrogen.
(e) mixture of hydrogen and oxygen.
The best way to identify a liquid as being water
is to -~
(a) taste it,

(b)
(c)
(a)
(e)

add calcium, »

test it with pH paper.

show that it boils at 100°C.
show that it can put out fires.

During a chemical reaction, a gas was given off

which turned limewater milky. This showed

that the gas was -

(a)
(b)
(c)
(a)
(e)

Which of the following will burn in air to produce

hydrogen
oxygen

carbon dioxide
water vapour
nitrogen

water?

(a) DNitrogen

(b) Water vapour
(e¢) Oxygen

(d) Hydrogen

(e)

Carbon dioxide

Balloons used for carrying passengers are not

normally filled with hydrogen because -

(a)
(b)

the heat of the sun would burst the balloon.

hydrogen has an unpleasant smell,

(¢) /
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(¢) hydrogen is so light that the balloon would
not come down again,

(d) the danger of explosion is too high.

(e) hydrogen is not light enough to 1lift a man
off the ground.

20, 10 cm3 of dilute acid is placed in each of three
veakers X, Y and z. 10 cm> of dilute alkali is
added to Y and 20 cm3 of dilute alkali is added
to Z. Which will be the likely series of pH
for X, Y and Z in that order?

(a) 7 - 9 - 5
(b) 9 - 7 - 5
(¢) 5 = 9 - 7
(@) 9 - 5 - 1
(e) 5 = 7 = 9

2l. A test~tube rack has a number of labelled tubes
containing solutions of known pH.
L M N P Q R

3 4 5 7T 8 9
P could be made more alkaline by -

(a) evaporation.
(b) addition of N.
(¢) addition of L.
(d) addition of Q.
(e) dilution,.

22. Given the following solutions -
L M N P Q R

pH 3 4 5 7 8 9
with which of the following mixtures would it be
possible to-obtain a neutral solution?

(a) L +M
(b) P+ R
(¢) N +R
(a) P +Q
(e) Q + R

23, /
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23. Some metals can be separated from a mixturé of them
with gold by dissolving them in dilute hydro-
chloric acid. For which of the following would
this not be possible?

(a) Magnesium

() Zinc
(¢) 1Iron
(a) Copper
(e) Tin

24, When tin is placed in water there is no chemical
reaction because -

(a) tin is very dense and sinks.

(b) the particles of tin are not small enough.
(e¢) tin is not active enough.

(d) +in is not stable enough.

(e) tin is a shiny metal.

25. Which of the following statements is true?
Hydrogen -

(a) is lighter than air.
(b) does not burn.

(¢) supports burning.
(d) 4is soluble in water.
(e) is heavier than air.



TEST _FOR
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APPENDIX 8 |
INTEGRATED SCIENCE SYLLABUS - SECTION

TWELVE

1. Heating coal out of contact with air produces a

gas

(a)
(b)
(c)
(a)
(e)

called:-

Natural gas
Coal gas.
Coke gas
Calor gas
None of these

2. A night watchman notices that a certain type of
coal on his fire gives a sharp, acid smell.
This is probably due to the formation of:-

(a)
(b)
(c)
(da)
(e)

Sulphur dioxide
Nitrogen oxide
Carbon monoxide
Carbon dioxide
Ammonia

3. Addition of sulphuric acid to malachite results

in:

(a)
(b)
(c)
(a)
(e)

Copper oxide + carbon dioxide
Copper oxide + sulphur dioxide
Copper sulphate + sulphur dioxide
Copper sulphate + carbon dioxide
Copper + sulphur dioxide

4, A scientist is asked to distinguish between a

sample of magnesium carbonate and calcium carbonate.

He would do this by means of:-

(a)
(b)
(e)
(a)
(e)

A flame test

The colour difference between the two carbonates
Reducing them to their metals with carbon
Adding dilute hydrochloric acid

Heating them

5. Analysis of a sample of water showed that it con-

tained salts of sodium and calcium. It would
be likely to have come from:-

(a)

L
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(a) The sea
(b) A reservoir in a limestone region
(¢) A reservoir in a chalk region
(d) A river flowing through a region of salt
deposits
" (e) A river flowing through a region of peat bogs

6. A ship sailing round the coast of Iceland discovers
a newly-formed volcanic island a few miles from
the mainland. The rocks of which the island
is composed will be mainly:-

(a) Metamorphic

(b) Igneous

(¢) Sedimentary

(d) Metamorphic and igneous

(e) Metamorphic and sedimentary

7. In New Zealand, hot water springs flowing over
rocks composed of silicates -

(a) dissolve them completely.

(b) change them to silica.

(¢) change them to silicon.

(d) hardly affect them at all.
(e) make them become much softer.

8. In an article in a newspaper on central heating,
mention was made of 'fossil' fuel, This was
probably referring to:-

(a) Hydroelectric power
(b) Direct sunlight

(c) Wood and paper

(d) Coal and oil

(e) Atomic energy

9. When iron pyrites (iron-sulphide) is heated in air:-

(a) there is no change.

(b) sulphur and iron are produced.

(¢) sulphur dioxide and iron are produced.
(@) sulphur and iron oxide are produced.

(e) sulphur dioxide and iron oxide are produced.



10.

11.

12,

13,

14.
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Which one of the following does not contain the

element silicon?

(a)
(b)
(c)
(d)
(e)

Clay

Sand
Quartz
Glass
Malachite

The energy released when peat is burned came

originally from -

(a)

(b)
(c)
(a)
(e)

the sun.
plants.

the soil.

the atmosphere,.
the sea.

John 1it his bunsen burner in the usual way but

noticed that the flame showed a green colour,
He switched off the gas and tipped the bunsen
on its side; 1ittle pieces of metal fell from
around the top. These pieces of metal were

probably:-
(a) sSodium
(v) Calcium
(c) Copper
(d) Aluminium
(e) Potassium

An element that is the second most abundant in the

earth's crust is used for making glass; this

element is:-

(a)
(b)
(c)
(a)
(e)

Chlofina
Phosphorus
Titanium
Silicon
Sulphur

Which of the following elements is the most abundant

in the earth's crust?

(a)

/



(a)
(b)
(c)
(a)
(e)

Oxygen
Silicon
Aluminium
Iron
Calcium

15. Which one of the following metals gives an apple
green flame when undergoing a flame test?

(a)
(b)
(c)
(d)
(e)

Calcium
Potassium
Copper
Barium
Sodium

16, Which of the following metals are both found
' uncombined in nature?

(a)
(b)
(c)
(a)
(e)

Magnesium, zinc
Magnesium, silver
Copper, silver
Copper, magnesium
Zinc, silver

17. A great deal of energy is released when a certain

metal is burned in oxygen. This suggests that
the -

(a)

(v)
(c)

(a)

(e)

metal oxide could be easi1y4broken down by
heating.

metal will be found uncombined in nature.

metal oxide would need a lot of energy to
free the metal,

metal will be obtained from the oxide by
heating with carbon,

metal must be magnesium.

18, After evaporating sea water, a pupil performs a
flame test on the residue and finds that the

flame is yellow. This suggests that sea water

contains -

(a)

/
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