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ABSTRACT

The chemical content knowledge of secondary science teachers is seldom measured directly in
developed countries as there are practical, ethical and political problems involved that would be likely
to be insuperable.

In Papua New Guinea (PNG), the author assisted in some of the work involved in the second IEA
Science Study (SISS), where the PNG education system took part in the scheme which involved
twenty-six different countries. The author suggested that the science teachers taking the classes being
tested completed the tests themselves. These scripts were returned to be marked in the same way of
the student scripts.

The results of the research were significant and can be considered as a start to the fuller and more
detailed research which would be necessary to be more confident of the conclusions. However,
evidence was produced to indicate that that the knowledge of some experienced science teachers was
less than would be considered desirable. The scientific knowledge Goroka diploma holders, whether
experienced or more recent, was less as a group than other Grade 10 teachers. There was also evidence
that chemistry is an area of difficulty, particularly for Goroka diploma holders. Item analysis of SISS
data yielded some inkling of specific problems which national teachers had in their own
understanding; it might eventually lead to appropriate solutions being found for these problems.



THE CHEMICAL KNOWLEDGE OF SECONDARY SCIENCE TEACHERS
IN PAPUA NEW GUINEA

W. P. Palmer

Introduction

‘My revolutionary suggestion is that students [student-teachers] should be sent out not only full of friendly feelings
towards their charges, but actually knowing something” (Bantock, 1969). The challenge which faces teacher trainers
worldwide is to ensure that the new teachers sent out possess the minimum subject knowledge to enable them to pass
on this knowledge to their students. They must have many other skills, but without this minimum subject knowledge
they are doomed to failure as teachers.

This same point has been expressed by a number of educationalists in different words: *...it is abundantly clear that
no amount of general intellectual skill or mastery over cognitive strategies will overcome lacks in content
knowledge’ (Schulman, 1974. *In teaching, knowledge enters into the professional work in a more unique fashion:
knowledge is what teaching is about’ (Buckman, 1982)

Walsh (1984) complains about the lack of content knowledge of Australian secondary science teachers. He considers
that the reason for this lack of knowledge is that science teachers who are expert in one field of science have to teach
other science areas in which they are not expert. In Papua New Guinea (PNG), because national teachers are trained
to some extent in all areas of science, this particular problem does not arise, though it is a problem for some
expatriate teachers. However P.N.G. secondary science curricula do not emphasise content knowledge (Palmer,
1984) in keeping with the deliberate policy of ‘containment’ (Wilson and Deutrom, 1984), and this causes problems
in tertiary education.

In general, at Grade 10 level, students are considered to be about three years behind Grade 10 students in
industrialised countries. Goroka Teachers College, which is the main source of secondary teachers in PNG, recruits
at Grade 10 level, with graduates normally qualifying after three years, and also at Grade 12 level, with graduates
qualifying after a two year course. It is thus obvious that the academic standards of teachers graduating at GTC will
be below those accepted in developed countries.

However the question this paper will attempt to answer is this: Is the knowledge of PNG teachers sufficient to
enable them to teach science competently in the top classes (Grade 10) of provincial high schools?

Relevant Research

At a recent meeting of teacher educators in Australia, Phillips (1986), in a keynote address, stated that when he
was looking for educational research relating to excellence in teaching he found that research findings proved that
good teachers mumble and give more badly structured explanations than do unsuccessful teachers, and that teachers
who have the most repulsive personalities are more successful than those who are pleasant, and so on. This was
greeted with stunned silence. A few moments later he pointed out that the truth was the exact opposite of the
research findings quoted. The point made by Phillips, which is being emphasised here too, is that educational
research findings are usually unsurprising and often platitudinous. The area of teacher knowledge appears to be
under-researched worldwide. For example, the well-known surveys such as Bennett (1976) and Rutter (1979) which
look at the effect of teachers/schools on pupils do not include teacher knowledge as a variable. Similarly, the
sociological studies looking for causes of inequality between children (Jencks, 1972) do not appear to consider
teacher knowledge as a possible factor. One reason for this may be that teachers and teachers' unions do not like
researchers investigating the knowledge of teachers (Bruning, 1986), because teachers' apparent lack of knowledge
has sometimes been a cause of embarrassment to the profession. Researchers have thus sought less contoversial
avenues such as looking at the academic quality of students about to enter teaching, as compared with those
considering other careers. The pattern that emerges, with the notable exception of Norway (Rust, 1985), is that those
entering teaching as a profession in countries such as USA (Weaver, 1978) and Japan (Inoue, 1975) occupy very




lowly positions in the ranks of all new graduates. This is likely to be true of PNG also, as the entry requirements of
those entering teaching through GTC are lower than those required for other faculties of UPNG or the University of
Technology, Lae. This is in spite of recent advertisements in the local press which state that ‘Papua New Guinea
needs many more high school teachers - teachers who are scholarly, skilled and professional. GTC is committed to
producing only the best’ (GTC, 1986). Entrance requirements for teaching have however been rising over the last
five years, so it is earnestly hoped that more scholarly, skilled and professional teachers are now being produced, but
on the whole, those starting teaching in PNG are less academically able than those entering other professions.

An early study by Nisbet (1954) clearly shows that teachers with higher intelligence prior to graduation were more
successful in their careers over a twenty year period. There is also a considerable body of research literature on
teacher knowledge of certain specialised subject areas such as metrication (Rowsey et al, 1978) and nutrition
(Penner and Kolasa, 1983). However, straightforward studies linking teacher knowledge to pupil achievement are
rare, partly because they are liable to be misunderstood through over-simplification, and partly because the shadow
of ‘payment by results’ still hovers over the profession.

Within PNG, there is evidence of student achievement in Eastern Highlands community schools being related to
teacher quality, measured on a number of criteria (Weeks, 1985). Tuppen (1981) showed that for provincial high
schools there was a greater success rate on the MYRE (Mid Year Rating Examination, now void) from schools
where a high proportion of staff had undergone advanced training. Roberts (1985) carefully researched the
difficulties in mathematics education in community schools in PNG. The general thrust of his study will be given by
quoting from his abstract:

The findings showed that teachers and children were generally weak at mathematics with pupil mastery
levels decreasing rapidly in the upper grades. Some teachers themselves know very little more mathematics
than their pupils.

Further study of his results shows geometry to be an area of particular difficulty in mathematics. Teachers' scores
showed an average of 78.1%, standard deviation 9.7, with a range of teacher scores from 92.8% to 52.8%. For
comparison, the pupils' overall mean was 47.9%. Roberts points out that the gap between pupils and teachers is
35.7% in Grade 2, but only 17.2% in Grade 6. He considers that the size of the gap in knowledge between pupils and
teachers in Grade 6 is too narrow for confidence that the quality of teaching is adequate at this level.

The SISS Study
The first IEA Science Study (SISS) took place between 1970 and 1973. PNG did not take part in it. The survey

aimed to look at science education as a whole in the nineteen participating countries, and to measure levels of
achievement by pupils at four different ages in these countries (Comber and Keeves, 1973), (Rosier, 1973). Planning
the second IEA Science Study (SISS) started in 1980 (Keeves and Rosier, 1981) and has involved more than twenty
six countries, including PNG. A PNG National Study Committee was formed (Research Co-ordinator, Michael
Wilson) to ensure the smooth administration of the international tests, and also to see that other tests were designed
to obtain any additional information required for purposes specific to PNG (Wilson, 1982). Population 3, who were
16 year olds in the international study and Grade 12 students in PNG, were tested in 1983 (Wilson, 1986a).
Population 2, who were 14 year olds in the study as a whole and Grade 10 students in PNG, were tested in
September 1984. (Some information on the results of these tests is being now produced in mimeographed form.)
Wilson (1986b) gives a full description of PNG SISS developments to date.

The PNG National Study Committee did however encourage some additional national research over and above the
international plan for Grade 10 students (Wilson, 1984). Firstly it was agreed that the teachers who actually teach
Grade 10 would be asked to answer the same questions as their students. Secondly, because the international tests
contained comparatively few chemistry questions, an additional eight chemistry questions at Grade 10 level were
added to the seventy international questions. It is these two local additions to the main international effort which will
be discussed in this paper.



The SISS Instruments at Population 2 Level

The SISS Science Understanding tests were made up of five tests - 2M, 2A, 2B, 2C and 2D. The 2M test consisted
of 30 questions, all of which were provided by the International Study. Test 2A, 2B, 2C and 2D contained 10
questions from the International Study and questions 11 and 12 in each paper were objective chemistry questions
based on the Grade 10 chemistry unit called Chemical Technology, Unit 10.1. These eight additional questions had
been chosen from 27 possible questions pretested by GTC preliminary year students. The questions were of middle
level difficulty and covered different aspects of Unit 10.1. The tests are included as Appendix 1. Grade 10 students
were asked to do Test 2M and two of the other tests. The teachers were asked to answer all the questions in all five
multiple choice tests. They were also asked to state how much stress they had placed on the content of each of the 78
questions on a three point scale called the Opportunity to Learn Index (OTL). It should be emphasised that there was
no means of checking whether the teachers answered the questions with or without help, or did so hurriedly,
painstakingly or not at all. Teachers were simply advised to fill in all their forms, 78 questions plus a lengthy teacher
questionnaire, whilst their class was doing the tests and the student questionnaire. If there was more than one Grade
10 science teacher in the school, each teacher was expected to answer the questions and questionnaire.

Although 90 result sheets were received out of a possible 126 from 78 schools only 70 teachers completed all five
tests (Two of these did not complete the ATL tests but these have been included). Of the sample, about 25% were
female, 64% were national and about half had graduated from GTC. It should be noted, however, that all of the
sample were Grade 10 teachers and would therefore be expected to be the most experienced and capable teachers in
provincial high schools. It should also be noted that the test is designed to be suitable in the main for 14 year old
students in developed countries and was considered to be suitable for Grade 10 students in PNG, so experienced
teachers at this level should not have much difficulty in scoring high marks.

Appendix 2 contains the raw results of five tests for the 70 Grade 10 teachers. Basic statistics far the tests are in
Table 1 below. Table 2 is a correlation matrix showing the correlations between each of the five tests and the total.

Table 1. Means, Standard Deviations and Percentage Means for Each Test

Test 1 2 3 4 5 6

Test 2M Test 2A Test 2B Test 2C Test 2D Total
Mean 26.51 10.26 10.39 10.79 10.86 68.71
Standard
Deviation 3.16 1.59 1.48 1.27 1.28 6.48
Maximum
Score 30 12 12 12 12 78
Mean as a
Percentage 88.37% 85.50% 86.08% 89.92% 90.50% 88.09%




Table 2 Correlations between Test 2M, 2A, 2B, 2C, 2D and Total

Test 2M Test 2A Test 2B Test 2C Test 2D Total

Test 2M 1.000 0.437 0.345 0.345 0.497 0.847

Test 2A 0.437 1.000 0.291 0.444 0.620 0.734

Test 2B 0.345 0.291 1.000 0.122 0.508 0.598
Test 2C 0.345 0.444 0.122 1.000 0.311 0.561

Test 2D 0.497 0.620 0.508 0.311 1.000 0.774
Total 0.847 0.734 0.598 0.561 0.774 1.000

Table 1 indicates the high average scores obtained by the 70 teachers, all between 85% and 91%. Table 2 shows
reasonably high correlations between the tests, indicating they are generally similar in nature.

Appendix 1 was treated in an arbitrary manner to split the teachers into five groups based on overall attainment. The
teachers who made no errors were given the grade M (Master teachers). It was considered that up to one casual error
per test might be made by a teacher who had a good grasp of science. Such teachers were called Grade A teachers. If
up to two errors per test were made the teachers were categorised as Grade B teachers. Teachers with up to three
errors per test were called Grade C teachers. Those with more than three errors per test were called Grade D
teachers. There were 4 Grade M teachers, 20 Grade A teachers, 18 Grade B teachers, 15 Grade C teachers and 13
Grade D teachers. Since this is an arbitrary categorisation, it is a matter of judgment whether any particular group
has an adequate subject knowledge. Such judgments can only be made by looking at the level of difficulty of the
questions, in relation to what an experienced teacher needs to know in order to teach the syllabus satisfactorily. The
judgment here will be made that there is little cause for concern about teachers in categories M, A or B, some cause
for concern about teachers in category C and considerable worry about the ability of teachers in category D to cope
with the syllabus.

Which Areas of Science caused most difficulty to teachers?

The seventy eight questions previously marked for each of the seventy teachers were re-marked so as to give results
in the four separate sciences. The raw results can be seen in Appendices 3 and 4. Basic statistics for these tests can
be found in Table 3. Correlations between the marks the teachers obtained for the four separate sciences and the total
are shown in Table 4 below.

Table 3. Table of Basic Statistics for Tests in Separate Subjects for 70 Teachers

Chemistry Physics Biology Earth Science Total
Mean 18.89 21.04 20.89 8.03 68.74
Standard
Deviation ~ 2.55 2.28 2.10 1.20 6.43
Maximum
Score 22 24 23 9 78




Table 4. Tests in the Separate Sciences Correlation Matrix

Chem Test  Phys Test Biol Test E. Sci Test Total
Chem  Test 1.000 0.695 0.473 0.233 0.847
Phys  Test 0.695 1.000 0.538 0.248 0.857
Biol  Test 0.473 0.538 1.000 0.386 0.778
E.Sci  Test 0.233 0.248 0.386 1.000 0.503
Total 0.847 0.857 0.778 0.503 1.000

The eight additional chemistry questions set on Unit 10.1 have been included throughout. Numbers of questions in
each subject were as follows: physics, 24; biology, 23; chemistry, 22; earth science,9. A brief glance at the
correlations between the tests in the separate sciences indicates a generally high level of correlation, but with the
earth science test not correlating well with the other areas. Because each test had different numbers of questions,
means for each were calculated as percentages which may be found in Table 5. From the percentage means which
are similar between tests chemistry can be seen as marginally the most difficult subject for teachers. It was thought
that teachers who were less knowledgeable overall would find greatest difficulty with chemistry, so the percentage
means of C and D grade teachers were calculated and may also be found in Table 5.

Table 5 Percentage Means of Tests in the Separate science for Various Groups of Teachers.

Number |Chem Test Physics Test  |E. Science Test | Biology Test
All Teachers 70 85.85% 87.68% 89.20% 90.81%
Grade Cand D
Teachers 28 75.90% 79.60% 81.40% 82.90%
Grade D
Teachers  Only |13 69.58% 76.60% 77.78% 79.93%

It should be noticed that the order of difficulty is consistently chemistry, physics, earth science and biology, with
biology causing least difficulty. Chemistry is the most difficult subject area for teachers in this test. Table 5 appears
to support the suggestion made above that teachers with the least knowledge as a group will do worst in chemistry.
Statistically the following result is obtained: in looking at the fraction chemistry marks/physics, biology, earth
science marks for the 42 M, A and B teachers and comparing them with the fraction chemistry marks/physics,
biology, earth science marks for the C and D teachers, it was found that the difference in the means was only
significant at the 10% level. Thus the hypothesis that teachers with least knowledge as a group will do worst in
chemistry cannot be sustained.



The separate science tests may be looked at in a different way to see how many Master teachers were produced in
each area. A Master teacher is defined as one who scored full marks in a particular area. Ten teachers achieved
mastery status in chemistry, eleven teachers in physics, seventeen in biology and twenty nine in earth science. Here
again chemistry and physics seem to be the most difficult areas for teachers to master.

Which teachers had the most difficulty with the Tests?

In addition to the cognitive tests for teachers, there was also a questionnaire which asked for such information as
sex, academic qualifications, nationality and length of experience, etc. from the teachers. Considerable future work
will be required to correlate each of these and other results with the cognitive data.

However, the test results for the two largest groups in the sample, GTC diplomates and expatriate degree holders,
will be looked at briefly. The results indicated that the overseas graduates averaged just below an A grade (about 6
errors), whilst the GTC diplomates averaged just above C grade (about 16 errors). The small sample of B.Ed.
graduates from UPNG averaged just below a B grade (about 11 errors).

These results appear to be very much in agreement with the views of the Regional Secondary Inspectors quoted in
Guthrie (1983), to the effect that GTC graduates lack subject knowledge. These results may well be in accord with
earlier research on GTC students in mathematics (Allen, Thomas and Patu, 1975) where they state:

The most crucial part of the teacher training problem is that with such a poor standard of understanding the
student is not equipped to improve his lot by self-study or in-service training.

However, as stated earlier, it remains a matter of judgment whether an overall average score of 75% for Grade D
teachers on this test is success or failure. In terms of Master Teachers in any of the separate sciences for the GTC
diplomate group, there were ten teachers who made no error in earth science, two who made no error in biology, one
who made no errors in chemistry and none who made no errors in physics. The surprise is the number of teachers who
have mastered questions in earth science, because Wilson (1985) found that teachers consider this an area of
difficulty “Very few teachers are secure in their understanding of Unit 10.4 (Geology)’.

Finally, no obvious relation between test scores and years of experience of GTC diplomates was found when simply
considering the scores of those with more than five years experience compared with those with less than five years
experience.

One major source of error has been the forms that were only partially completed. These have been excluded. But
viewing a few of these papers, | have the impression that they would probably be among the lower scores. No
conclusion can be drawn from this but the fear is that many of those who did not answer the tests at all, or answered
incompletely, would have been amongst the low scores. If this were the case overall, science teaching in schools
would be worse than the impression given in this paper.

Analysis of Chemistry Test Errors

Error analysis in tests can be a major source of understanding of the way in which the science teachers thought about
the questions, so not only can the analysis be used to show which areas teachers are having difficulty with, but such
analysis can also be used to find improved ways of teaching them in in-service. The full analysis included subject
areas for each question stated. In all tests except one, a chemistry question is the most difficult question within that
test. Conversely more biology questions were answered correctly by all teachers than any other subject, indicating
that biology questions were found to be easier.

Teachers' views on Grade 9 and Grade 10 units indicate that they consider chemistry hard for their pupils, but
strangely enough consider they have reasonable confidence in their own understanding of chemistry (Wilson, 1985).

As an example, some analysis will be carried out on a single question containing a basic generalisation in
chemistry, in the context of similar questions from previous research which also tested this generalisation.



The most difficult question in Test 2M was Q18 which asks:

Two given elements combine to form a poisonous compound. Which of the following
conclusions about the properties of these two elements can be drawn from this
information?

A. Both elements are certainly poisonous.

B. At least one element is certainly poisonous.
C. One element is poisonous, the other is not.
D. Neither element is poisonous.

E. No conclusions can be made.

The generalisation which teachers or pupils need to know to answer the question is that “The properties of a compound
are different from those of its constituent elements’. A similar question was put to Grade 12 students in the SISS 3M
test (Q4):

Two given elements combine to form a poisonous compound. Which of the following conclusions about the properties
of these two elements can be drawn from this information?

A. Both elements are certainly poisonous.

B. At least one element is certainly poisonous.
C. One element is poisonous, the other is not.
D. Neither element is poisonous.

E. Neither element need be poisonous.

Strangely enough, sixteen years earlier, a question (Item 58) involving a similar principle was set by McKay (1968) to
Grade 10 students in PNG and also to a group of Australian students. It was:

A scientist discovered a compound that had the following properties at normal room temperature and pressure: (i) it
was a gas, (ii) it was heavier than air, (iii) it had a pungent odour, (iv) it was colourless. Which of the following
assumptions was the scientist justified in making about the component elements that made up the compound he had
discovered?

A. Each of the component elements must have had properties (i), (ii), (iii), (iv).

B. The component elements must have had properties (i), (ii), (iii), (iv) between them, but each of them need not have
had all of these properties.

C. The newly discovered compound must be made up of four elements, each having one of the four properties listed.

D. None of the component elements need have any of the properties listed.

Boeha (1980) reset McKay's test to a group of remedial Unitech students as part of a study to find the problems of this
group and then to help them overcome their problems. Fewer students got the correct answer to the McKay question in
the 1968 test than would be expected by chance, and on this question the Australian pupils did better than the PNG
pupils. In 1980, the Unitech scores on this same question were below half those expected by chance. Wilson (1986)
records that scores were no better than chance on the question on this topic in the 1983 Grade 12 SISS tests. For the
1984 SISS Grade 10 test the question on this topic was one of the most difficult ones for teachers and pupils. Wilson
(1986) suggests the language of the question may be the key to poor results, and indeed both McKay's 1968 question
and the two SISS questions are unnecessarily convoluted. Wilson may well be correct but perhaps the alternative
hypothesis that over nearly twenty years teachers have not made clear to their students the principle that the properties
of compounds differ from those of their constituent elements at least bears consideration. If this is the case, it shows
that a basic understanding of the meaning of chemical combination is absent from both pupils and teachers alike. This
would be a sad state of affairs.



Conclusion or What To Do Now?

The results described in this paper should be considered as a start to the fuller and more detailed research necessary to
be more confident of the conclusions. However, evidence has been produced here that the knowledge of some
experienced science teachers is less than would be considered desirable, and that in terms of scientific knowledge
Goroka diploma holders, whether experienced or more recent, have less knowledge as a group than other Grade 10
teachers. There is also evidence that chemistry is an area of difficulty, particularly for Goroka diploma holders. Finally,
item analysis of SISS data may yield some inkling of specific problems which national teachers have in their own
understanding and may eventually lead to appropriate remedies being found for these problems. Practically, several
solutions have been tried for improving the quality of science teaching in PNG. Amongst these are the Subject Masters'
Course (Palmer, 1984), the Major Science/ Minor Mathematics Course (Bunker and Palmer, 1984) (Bunker, 1984) and
the Advanced Diploma Course for science teachers (Steward, 1985). It is perhaps too early to claim success for any of
these solutions.
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F Which of the Ffollewing shows the temperature at & a.s. on Wednesday?
APPZNDIX L ?

TEST 2M, PAGE

1 The Sun Ls the oaly body in our solar system that gives off
& lot of light and heat. Why can we ses the Moon?

INTEANATIONAL SCIENCE STUDY

A [t is reflecting light from the Sun.

L] It i3 without an atmosphers.

c 1t is a star,

] It iy the biggest object In the solar systea,
E It is nearer the Earth than the Sun.

2 About how long would it take a rocket ship to reach the Mooa!

two hours
several hours

m o N e >

a fow days 5 On one day a cool wind began to blow, Vhen did this bappeal
a light-year A Monday marning
sevaral years 3 Monday afternoon
[ Tuesday morning
1] Tuesday afternoon
3 A boy sitting under a tree watched a bird getting insects from between E Wednesday afternoon

the craces of the bark. Which drawing shows the kind of beak this

bird had?
L] The diagram below shows a mountain,  The wind
. 2irsction and
Average air temperatures at diff b
Bowntain ar o indicated. T . Wbl o
o L \
L]
louds
» a c precipica ion
Windward side / o B
=
Ls]
L =] -\
E
Wind
0 2 *c 3
—Sea L

(Not to scale)

10
The naxt two questions refer to the following table which shows some : .
temperature readings made at diyfferent times on three days, R
probebly located at the base of th
lesward side (location 1)? 4 Roumtaln on che
6am 9aa 1lnoon Jp.m. & pum, " B it
Monday 1 O - W A 19 L & jungle
Tuesday 15 I5E 1$°C 10°C [ c a glacier
Wednesday 8" 1w0°C 4% Mt 13° L] & large lake _
2 E a rain forest ll:
enters

Fossils very similar in shape to marine shallfish which live in oceans
today have beem found in the rocks of high mountains. What is the most
likely explanation of this?

A The particular sarine shellfish can live in the ses or on land.

| S HMarine forms once had organs that snabled thews to breaths
atmospheric air,

c The rocks in which the fossils wers found wers formed under

the ses. N
D Marine forwms, in certain cases, migrate on to the land.
E Marine forws have svolved from land forms.
s The diagram below shows an ple of Interdepend, among aquatic

organisas, During the day the organisss either use up or give off
(2) or (b) as shown by the arrows.

A '

Floating
water plant

Smull water
animmls

|_Mater plant
with roots

Choose the right answer for (a) and (b) from the alternatives given,

(2) is oxygen and (B) Is carbon dioxide,

(a) is oxygen and (b) is carbohydrate,

() i3 nitrogen and (b) is carbon dioxide.

(2] is carbon dioxide and (b) Is oxygen,

(#) is carbon dioxide and (b) is carbohydrate,

m o n o= »

A girl found the skull of an animal, She did not knew what the animal
was but she was sure that it killed and ate other animals for its food,
What clue led to this conclusion?

A The sye sockets faced sideways,

B The skull was much longer than Lt was wide.

[ Thers was a projecting ridge along the top of the skull,
] Four of the teeth wers long and pointed.

E The jaws could move sideways as well as up and down,

This question refers to the following diagram of apparatus used to show
that an animal gives out carbon dioxide in respiration.

'1]

| Alr s removed
by & pump

Part 4

6LL
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ide from the air
uhstance which resoves carbon dioxide
::::l:'ﬂ:i:; :t: parts 2 and 4 both contain a llquid which changes

in appearance when carbon dioxide passes through it.
of the following kinds of containers for the animal which ons would
give the quickest result?

A a small, container

L] a large container

c a container in bright light

o a container covered with a dark cloth
E

a container in which the air is kept moist by weans of
wet cotton wool

¥hich of the cells shown below would commonly be found in the human
nervous system?

ot
A" . [ D

i R = (

Animals tace in oxygen and give out carbon dioxide., Ordinary air contains
very little carbon dioxide,

Qil drop 01l drop

Apparatus as first set up Apparatus after 5 minutes

Which of the following can be measured with the above apparatus?

The rate of movement of the animal,
The amount of heat produced by the animal,

A

B

c The rate of respiration of the animal.

o The effect of carbon dioxide on the animal,
E

The amount of carbon dioxide absorbed.by the aniaal,

Which of the following statesents is true about seeds?

A Every plant produces seeds.

B All fruits contain a large number of seeds.

[+ All seeds are good to eat,

'] Every seed contains a young plant, stored food and a seed coat.
E The food stored in seeds is always in the cotyledon.

14 A girl wanted to learn which of three types of soll (elay, sand and loanm)
would be best for growing beans. She found three flower pots and tilled
weach with a different type of soil. 5he then planted the same number of
beans in each, as shown In the drawing. S5he placed them side by side
mear a windov and gave each pot the same amount of water, :

18

Why was the experiment not a good one %o find out about the soil?
A The plants in one pot got more sunlight than the plants in
the other pots,
The amount of soll In each pot was not the same.
One pot should have been placed in the dark,
Different amounts of water should have been used,
The plants would get too hot near the window.

m e n e

15 Milk kept in & refrigerator does not go sour for a leng time. Why?

The cald changes the water of the ailk into ice,
The cold separaces the creas,

The cold slows down the action of bacteria,

The cold keeps flies away,

m o n e >

The cold causes a skin to form om the surface of the milk,

16 The male insects In & population are trested to prevent sperm production.
Would this reduce this insect populatlon?

Mo, because the females would still lay eggs.

No, becausse the lnsects would still mate.

No, because It would not change the offspring mutation rate.

Yes, because it would sharply decrease the reproduction rate.

LI T

Tes, because the males would die.

17  When 2 g (grans) of zinc and 1 g of sulphur are heated together
aly0st no 130 or sulpbur reealns after the ecapoucd 3ime sulphide
1s formsd. 'What bappens Lf 2 g slnc are heated with 2 g of sulphur?

A Iine sulphide containing approzimately twice as much sulphur
is formed. =

3 Approximately 1 g of sulphur will be left aver.

€ Approximately | g of zine will be left over,

1] Approximately 1 g of sach will be left over.

[ 4 Mo reaction will eccur.

19

Two given elements combine to form s polsonous compound. Which of the
following conclusions about the propertiss of these two elesents can be
drawn from this information?

A
1]
c
[
E

Both wiements are certainly polsonous.

At least one element i3 certainly poisonous.
One element s polsonous, the other is not.
Meither elesent is poisonous.

¥o oovolusions can be made.

Paint applled to an iron surface prevents the lrom from rusting.
Which one of the following provides the best reason?

0

21

2

A
L]
c
]
E

It prevents nitrogen from cosing in contsct with the iron,
It reacts chemically with the lroa.
It prevents carbon dioxide from coming Ln contact with the lron

It makes the surface of the iron smoother.

It prevents oxygen and moisture from coming in contact with

the iron

Which of the following particies are gained, lost or shared during
chemical changes?

m o N ow >

alectrons furthest from the nucleus of the atom
wlectrons closest to the nucleus of the acom
walectrons from the nucleus of the atow

protons from the nucleus of the atom

neutrons from the nucleus of the atom

How long L3 the block of wood showm (n the diagraa?

m o nw »

2INS))

10 0 30 40 50
length in em (centimecres)

10 em
20 cm
5 cm
30 cm
35 en

Mary and Jane sach bought the same kind of rubber ball., Me
“My ball bounces better than yours." Jane replied, "I'd like ::“,'.
yeu prove that.” What should Mary do?

A

Drop both balls from the same height a
bounces higher. : LA I

Throw both balls against a wall and ses how
g Sy far sach ball

Drop the two balls from diffsrent hei
g iy thts and notice which

Throw the balls down against the f1 d
b . %0r and ses how high

Feel the balls by hand te find which Ls the harder.

08L
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An iromn contsiner Is weighed after the air in it has been pusped out
(svacuated). Then it is filled with hydrogen gas and weighed again.

£0))))))))))

What is the weight of the container full of hydrogen compared to the
waight of the svacuated containar?

less

greater

the same

o n = >

greater or less depending on the volume of the gas in the
container

E greater or less depending on the tesperaturs of the gas in
the container.

%
The objects P, Q and R of weight 15 N (newtons), 20 ¥ and 7 N, are hung
with a light thresd as shown in the figure,
LTS
15 N
0N
N
27

What la the force in the thread between P and 37

A 4 N
B 35N
c 2T N
o 15 M
E TN

Using the apparatus shown in the figure below, 100 g {(grams) of water

2t 20 *C (degreses Celsiuz] was poured into the outer container 7 and

its temperaturs read at intervals from thermometer I. At the same time

100 g of water at 80 "C was poured into the inner container { and its
temperature read at intervals from thermometer 1. =

which of the fallowing graphs best represents the changes in the
tenperatures of the water in the two containers?

Thersuseter 1

Thersometer |
| Insulating
| ﬁ saterial

.. Thersometer 1

[ ————

——Thermometer 1

Hor
water

Cotd =]

water

el o
AN

0t —aasamaa

A set of baells was made by cutting four pleces of pipe of different
lengths from 3 long metal pize and hanging thes as shown in the picturs

below. which of the pipes gave the lowest note when struck with a hazmer?

Pipe X 1 1
Pipe Y

All gave the same note,
Tou cannot tall without trying.
It depends on where you hit it,

m oo now >

A cupful of water and & similar cupful of petrol wers placed on a table
near a window on & hot sunny day. A few hours later [t was observed
that both the cups had less liquid in them but that therw was less
petrol left than water. what does this experiment show?

A ALl liquids evaporate,

Petrol gets hotter than water.

Some liquids evaporate faster than others,
Liquids will only svaporate in sunshine,
Water gets hotter than petrol,

m e n e

A flnhlt(l_\: holds two batteries. [n order to make it work, in which of
the following ways sust we place the batteries?

as in diagram X

as in diagram L

as in diagram M

sither as in dlagram L or in disgran M

none of these would do

m oo now >

-- ) oD

K L

29 The figure shows a box with four terminals: p
The following observations wers made, O Dbl

1 There Is & certain amount of reslstance between P and q.

2 ' Resistance between P and R is twice thap b 3" P
3 There is no resistence betwesa Q and 3, Noemim Diand: O

PO— \N—On

ko4 05

Which of the following circuits is most likaly ¢o b,
Assume that the resistances shown are squal, 05 fom SARAS ke i

n vt 4 s 5|
A L c
P l R PT-
1 =93 Re— S
] E

X, T and I represenc thres lamps in 2 clreuit, which also includes a
battery and a switch S, When the switch is open I does not light
while Y and Z do Lignt,

Which of the following circuits is it?

ey E”ﬂ g
* { T LT
!ﬁ l’—! lc:'l-zO—Ll
| T LT

L8L
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Some seeds germinate (start to grow) best in the dark, others in the
light, while others germinate equally well in the dark or the light.
A girl wanted to find out by means of an experiment to which grouwp a
certain kind of seed belonged. She should put some of the seesds on
damp newspaper and

A keep them in = wars place in the dark.
keep sowe in the light and some others in the dark.
keep them in a wars place in the light.
put some on dry newspaper and keep them in the light.

mon e

put some on dry newspaper and keep them in the dark.

Flowers cannot usually produce seeds unless

they are visited by insects.

they appear in the dry ssason,

they are on plants growing in good seil.
they produce nectar,

suitable pollen is placed on thelr stigmas.

m o n @ »

The selling of rehsated food in shops 1s often discournged and
sometimes prohibited by law, which of the following is the aain reason

for this?
A Most people do not like it.
B Valuable mineral salts are lost on reheating.
[ It is uneconomic to heat food twice.
D Bacteria will sultiply quickly on the warmed-up food,
E Reheating causes a reduction in protein comtent.

A boy used a hand pump to put more air into a bicycle tyre, After a

while i1t becomes harder to use the pusp. Why?

Air in the tyre pushes against the pump,
AiT starts to leak out of the pump.

The pump gets too hot to hold.

The pump gets too sticky to push.

The tyre is bigger than the pump.

m e n o >

5  Three candles, which are exactly the same, are placed in different boxes
as shown in the diagraam. Each candie is lit at the same time.

Large closed box

Small closed box Open box

|

Candle 3

Candle 1 Camdie 2

/L

In what order do the candle flames go out?

m o n w >
-
=
ke e e

The freezing point of a ligquid Is the temperature st which it freezes.
The boiling point is the tesperature at which It beoils.

Which one of the entries in the following table shows how the freering
point and bolling point of salt water compare with those of pure water?

Bailing peint
of salt water

Freezing point
of salt water

than pure water lower than pure water

lower

lower than pure water hi!h!f than pure water

higher than pure water lower than pure water
higher than pure water

same a3 fure water

higher than pure water

m o n e >

same a5 pure water

A glrl wanted to seesaw with her little brother,

Which pleture shows the best way for the glrl, who waighed 50 kg
(kilograms), to balance her brother, who weighed I5 kg?

R 3 7
K i LL.-M AMJ] L LL }Jad

A3 R

IR WAV S . ..mw%

pictures K
pleture L
plcture M
pleture ¥

m o nw =

nane of these

What do the results of these experiments suggese?

A The larger the mammal, the g
in the milk,

] The smaller the mammal, the greater the prote
it » 'S P in concentration

c The greater the protein concentration in the mammsl's milk
the slower the newborn baby will double its weight.

D The greater the protein concentration in the mammal's milk
the faster the newborn baby will double its weight,

E There appears to be no relationship between protein concentration
in mammal's milk and time taken for a newbomrn baby to double its
birth weighe.

r the p i i

The crews qt two boats at sea can communicate with each other by shouting.
Why ls it impossible for the crews of spaceships a similar distance apart
in space to do this?

A The temperature is too low.

L] The sound is reflected.

c The pressure L3 too high inside the spaceship.
D The sound barrier has been broken.

E Thers is no air. :

10 A rod is pivored at its centrae,
Each force has the same Size,
which case will the rod turn?

.It is acted on by twe farc
equal to 10 N (newtons). 1In o

10N
A é:;
N Ilﬂ N
[ _
Lﬂ L]

The following results are from expariments which were made to find how
long it took for mewborn babies of different sammals to double in weight N

Mammal Time in days to Percentage protein
double the weight in the milk of the
of the newborn baby mother

human 180 1.6

horse &l 1.0

cow 4 .. = |

pig 18 5.9

sheep 10 6.5

dog L] 7.1

rabbit L] 10.4

11 Floacation is a process whereby

A Aceo
d“::::.cmpound is split up into its component
B Two elemants are combined to form a compound of copper

Copper 1is
denuu..,““““‘ from iron due to their different

D  Copper ore is separated from iron
different melting points. = S iEet that =

E  Copper ore is

diffecent densities. £

d rock due to their

e

c8l
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Dilute hydrochloric acid is put on a piece of limestons and ¥
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bubbles of gas are evolved.
Which of the following gases is produced?

Chlerine
Oxygean
Hydrogen

Carbon dioxide
Sulphur dioxide

m oo @ >

¥here i3 the energy for photosynthesis generally obtained?

A chlorophyll

B chloroplasts

c sunlight

o carbohydrates 7
E carbon dioxide

Which of the following ergans is not situated in the abdomen?

The formula for the compound acetic acid {present in vinegar) is
Qi, COOH .

What is the total number of atoms in one molecule of acetic weid?

A

mon e
® e L M e

The measuring cylinder contains a certain wolume of water. The enlarged 9
figure shows a view of the surface of the water as seen from the side.
What is the voluse of the water?

A 50 :’5
B 43 :m!
C 48 cmj
o 47 cmj
E 46 :.‘3

Enlarged [igure

A liver

B kidney

c stomach

V] bladder s
E heart

Oressed in the same way, & man can jusp higher on the Moon than on the
Earth. Which of the following is the best explanation of this?
.
A His mass is less when he i3 on the Moon.

5 The force of gravity is less on the Moon than on the Earth,
c His distance from the Earth ls greater when he i3 on the Moon.
o There is no alr on the Moon to offer nslnllnel-

E Newton's Laws of Motion do not apply on the Moon.

A mixture of pnm.i-nd. lron and sulphur is heated. What will be formed?

A a single eslement

B two other elements
[4 a solution

o an alloy

E a compound

Under which of the fallowing conditions does water evaporate fastasc?

on a hot and dry day
on a hot and moisc day

A

13

c on a cold and dry day
o on 1 cold and selist day
E

on 3 calm and msolst day

What is the advantage of using a lever such as that shown In the diagram
to raise a weight W Instead of Iifeing it direccly?

[+] His

less energy Ls required

Y

Fuleruas

it 1s quicker
less foree is needed
less movement i3 required

less work has to be done

Mmoo n e

A metal tray feels colder to touch than jts plastic handle, whyt

A Metal always has a Jower tenperature than plascic,

B Metal radiates auch sore hest than
more quickly,

plastic and so cools

= Matal conducts the heat away from your hand better than
plastie.

] Plastic is a better heat conductor than metal,

E A smooth surface allows & closer centact than a rough one.

11

12

1o

This question refers to the diagras below.

Water

. =—Botrtie

No more water will @0 into the bottle, Why?

m oA e e

Which

Mmoo ws

An fron nail i dipped into a copper
d
It is now coated with a shiny d-pp::.\.l:.

of

Air pushes harder than the water.
Air is heavier than the water,

Air takes up space and muse gt out to let the
The

The

water in.
glass tube is too thin,

mass of the water is Ereater than the mass of the air.

the following is 0Ot a major use for copper?

Coins )
Radios m
Car bodies w
Computors

Metal alloys

I nitrate solution.

This deposit 1s:-

monw»

nitrate

brass

copper 4
iron

Copper ore
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Hers are some possible Teasons why kettles and eooicing pots are oftan
sade of copper. Which one of the reasons i3 wrong!
A Copper is a bad conductor of heat.
Copper i3 a tough metal.
Capper can be polished to sake the pots shine.
Copper ls easy to shape.
Copper does nat dissolve in hot water,

m e nw

A glass coated with iron fillngs on the lnside was clamped vertically
in & container of water. As shown in the diagram, water gradually rose

a short distance in the glass.

Iren filings

_What Ls the best explanation of this?

A Water condenses inside the glass.

B The iron gives off a gas which dissolves in the water.

c The rust which replaces the lron takes up less space than
the iron.

[+] The iron rescts with oxygen from l'.;ll air Llnside the glass,

Oxygen from inside the glass dissolves in the water.

i d in a special container.
A quantity of a substance 1 was heate
'Itq:osuinad with oxygen from the air to produce a new substance.
The following results were obtained.

mass of container
mass of concainer + substance 1 before heating
mass of container » new substance after heating

What was the mass of the oxygen taken from the air which combined with
the original substance?

A Ly
B 0.1
[+ 0.3 1
1] 0.5 1
E 1.0 3

Which one of the fallowing could you not plck up with a magnet?
A a magnetic compass needle

a steel screw

an iroa nail

a sewing needls

a brass serev

m o N w

16.1 g (grams)
16.4 g (grams)
16.6 g (grams)

Which diagram best shows what ha
e s ppens when light passes through a

i e 3 5
b e
n I ) :
Day ] Mon Tues Wed Thurs Fri ] Sat Sun
Tine noon noon noon noon noon noon noan
Cloudiness
fiadle. liwscr (D80 @
I f——
Temperature . o] [
e 20 | T~
10° —T |
Ataospheric (1040 | ‘
pressure 1020 \\
milll bars 1000 f=

From the ln!’gmtlnn in the above diagram which one of the following
conditions might have predicted the rain on Sunday?

The pressure was dropping, and the temperature was rising.
The pressure was rising, and the temperature was dropping.
The pressure was dropping, and the temperature was dropping.
The pressure was rising, and the temperature was rising.

m o 0w >

The pressure was stable and the temperature was stable,

Years ago farmers found that corn plants grew better if decaying fish
were buried nearby. What did the decaying fish probably suppiy to the
plants to stimulate their growth?

A energy

B minerals
c protein
D oxygen

2 water

A girl had an idea that plsnts needed minerals froms the soll for healthy
growth, She placed a plant in the Sun, as shown in the diagram below.

Sunlight -

4 \\@5

P= S

Sand, minerals and water

In order to check her idea she also needed to use another plant.
Which of the following should she use?

A Dark cupboard 8 Dark cupboard € Sunlight
e
~
AN
Sand, minerals and water Sand only

P Suniight

%

E Sunlight

P i
N

Sand and water Sand and minerals

9 wWhat ls the maln function of the kidneys?

to produce antibodles to help flght diseases
to digest food
to circulate the blood

to produce red blood cells

monw >

to remove waste materials from the blood

Below is a diagram showing a food web.

A food web shows what the animals

eat. Some animals eat the plants.

These are then eaten by other animals

who may be eaten by others.

The arrows go from the food to the eater.

For example:

cabbage = aphid (means aphids eat cabbages].

Food weh

small
spidera

wasp
larva

cabbage
caterpillars

|

aphid

cahhage

hean

large
spiders

If all the beans were dug up and destroyed, which animal would

disappear?
A large spiders
L] beeties
c aphids
1] whiteflies
E small birds

v8L
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In limestone caves stalactites and stalagmites are formed,
In the diagram below which are the stalactites and which
are the statagmites and what is the chemical nams of the

substance fcom which they are formed?

Carbon
dioxide

in air
in air

SN

A X are stalactites and Y are stalagmices
made of gypsum

B ¥ are stalactites and X are stalagmites
made of gypsum

c X are stalactites and Y are stalagmites
made of calcium carbonate

] Y are stalactites and X are stalagmites
made of calcium carbonate

E Both X and Y are stalagmites

Wood chips are heated in a test tube as shown in
below.

Wood cnlos

Burner

-

L 1

Carbon dioxide

and they are
and they are
and they ace

and they are

the diagram

A student made the following observations.

{1) A selid product remains in A which weighs less than

the original weight of wood.

(2) A solid product remains in A which weighs more than

the original weight of wood.
[(3) The liquid product is collectad in C.
{4) The liquid product is collécted in B.

{5) The gaseous product collected in C will burn
(6) The gaseous product collected in C will not burcn

Which of the following statements is true?

and are all correct
and are all cocrect

Statement . 3
. 5
., and & are all correct
. [}
. 5

i
Statement 2
Statement 2
Statement 2
Stacemsnt 1

and are all correct
and are all correct

mCnB>
el g b
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If you sre facing Merth early in the morning, where is ths Sun?
A to your left
B to your Tight
c behind you
D in front of you
E above you
The diagram shows five differsat Celsius thermometers. The normal
human body temperaturs is 17 *C (degrees Celsius}. The body temperaturs
of sick people ranges from about 36 °C to 42 *C. Which thermometer would
be most suited for accurately seasuring body temperaturs?
A thermoseter A
15 T 60 50 100
B thersoseter 3
[ thermoseter C
] thermoseter D
E thermoseter E
n 0 0 1] 1]
A L} D E

A dish contains 2 g (grams) of salt dissolved in 8 § of water. The dish
of salty water is placed in the S5un. 5 g of the contents of the dish
evaporates into the atmosphere. “hat is in the remaining 5 g of solution?
2 g of salt and 3 g of water

more than 1.5 g of salt and 3.5 g of water

1 g of salt and 4 g of water

5 g of water only

less than 0.5 g of salt and 4.5 g of water

m o 0 oW >

The table below shows the melting pelnt of five elements.

Element Melting point
aluminium 460 *C
magnesium 649 *C
Lron 1535 *C
lead 327"
copper 1083 *C

Samples of all these elements are heated in an oven to a temperature

of 1555 "C. If the temperature of the oven is then lowered, which of
the samples would solidify firse?
A aluminiua RO £ topper
o lead

B magnesiua

The table below gives the name,
3ome chemicals called alkanes.

chemical formula and boiling point far

N;

i Formula Boiling poine
ha,

®ethane ai, - 18l ¢

sthane czns -

Propane CSH' - 42

pentane CSHIZ 3 *c

h

exans Ceyg 6 °c

heptane C?"Io 99 ¢

Butane, which is an alkane, has a bo
n B ilin i Y
chemical formula most likely to be? R

A

B
c
]

What is {ts

s
Esity
C3Hy

C‘HID

CJHIZ

The surface of the Earth i3 not level although weathering and erosion

by wind and water have beasn accurring for millions of years,

Which of

the following is the best explanation of this observation?

o N = »

The seas level keeps changing.
Movements in the Earth's surface continue to occur.
There has not been enough time.

Temperature diffecences at the Earth's surface are nat
large enough.

Wind and water srosion are not strong enough.

If equal amounts of the following Foods are e#aten, which one would
provide the mcst protein for the body?

m o 0w »

mmet potatoes
bananas

rice

bread

chicken

q8lL



8 What {s the main way

9 The blood has many fuactions in th
the following 1s not a function of

10 wWhy

A

Mmonw

m o N e >

It cools your body,

It keeps your skin moist,

It keeps you from catching cold.

It gets rid of the salt in your body.

that sweating helps your body?

It gets rid of excess water in your body,

to digest food
to protect against disease
to carry food to the cells
to carcy waste material away f{rom the cells

e human body. Which one of
the blood?

to carry oxygen to different parts of the body

are gr2en plants important to animals?

Mo nw

Green plants
Green plants
Grean plants
Green plants
Green plants

consume
consume
consume
produce
produce

both fcod and
food and give
food and give
food and give
food and give

oxygen,
off oxygen.

off carbon dioxide.
off oxygen.

off carbon dioxide.

11 A 2 toea coin is PUt into some concentrated nitric acid in a
S50ml beaker. After a few minutes the following observations
are made about,

(1)

the colour of the gas evolved

(i1) the colour of the solution

L]

Which of the following observations are all correct?

A

B

c

D

The gas is colourless; the liquid is brown,
The gas is brown; the liquid is colourless
The gas is brown: the liquid is blua

The gas is colurless; the liquid is shiny

12 wWhan we say that a heavy oil had been “cracked” what do we

mean?
A

Two o1l molecules have combined to form a larger
molecule.

The oil has melted to form a thick liquid.

A large oil molecule has been split into simpler
molecules.

The oil has been split by a physical change,
Hone of the above,
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TEACHZRS IN THE TABLE

- WERE ASSIGWED

GRADES ON THE FOLLOWING BASIS

APPENDIX 2
LL CORRECT 78 MARKS MASTER SCIENCE TEACHER M
UP TO 5 ERRORS 73 TO 77 MARXS SCIENCE TEACHER GRADE A
S.1.5.S. T=STS UP TO 10 ERRORS 63 TO 72 MARKS SCIENCE TEACHER GRADE B
10.6.86 UP TO 15 ERRORS 63 TO 67 MARKS SCIENCE TEACHER GRADE c
MORE THAN 15 ERRORS BELOW 63 MARKS SCIENCE TEACHER GRADE D
Data held for each variable, o=
TEACHER TSt M| TesT24 | TEST28 | TSI X | TESTD|  qory. | CARCE. [T EACHEN
Tl 5 7 9 9 ¢ 8 =3 1) B!
vl 2 12 10 11 11 b A T
b} 29 9 12 1 11 n |8 b
T4 2 11 12 11 11 7% A T
T 27 12 9 11 12 71 B T
17 P I 0] IT IT 778 T
8 26 12 7 12 12 () g =
TI0 25 12 11 9 11 63 B TI0
Tl D 11 11 11 12 75 A Til
Ti2 25 5 10 11 9 € |D >
Ti4 V] 12 12 12 iz 7B P Tl4
TS b 12 12 12 12 7 |A TIS
TI6 b} 9 10 8 11 67 |c Ti6
7 20 12 12 12 10 75 |A n7
T8 24 9 11 11 10 65 C ma
9 29 12 9 12 12 74 [5) T19
™ 21 8 11 12 11 &g |c ™
™ 2% 9 7 11 8 61 0 ™
T24 26 9 7 11 8 61 D T24
T25 5 1 10 11 10 67 |c ™5
26 D 1z 1Z 11 17 77 o) %6
128 % 7 8 10 8 2] D T8
29 2 10 12 7 11 62 D T
™ 0 11 12 11 12 % | R 0
T31 2% 9 11 1 11 86 | C el
] ] g 17 J 11 %) C T
™3 2 12 11 12 12 76 A ™
T35 25 8 9 19 10 62 h) 5
8 % 10 10 11 11 &3 B ™8
™ 5 10 12 9 12 ) o) ™0
T 9 11 11 10 17 3 A L0
T4l 21 6 11 10 9 7 L T4l
Ta2 2% 9 10 10 10 63 C T42
T43 7 10 9 9 10 65 ¢ T4
Té4 n 12 12 12 12 7 ™M TLA
Tas5 ] 11 g 2 12 72 1Y T45
46 27 11 8 12 12 70 B T46
8 27 11 9 12 12 7 B T8
=0 .| 11 9 12 12 7 B 0
| T51 n 10 11 9 12 65 C TS1
TS2 3 12 12 12 17 77 [5) 7
T3 ys) 10 9 11 9 61 L T3
TS4 7 11 12 9 10 ) 3 TS
TS5 0 12 12 12 12 73 ™ TS5
T6 7 9 10 ‘11 10 67 c T6
[ T8 2% 17 3 IT ] 65 C T=8
9 % 11 11 11 12 71 B 9
TEl 12 1 9 12 10 S D Tl
T62 27 10 1 12 9 2} Y ™2
63 i) 9 11 9 11 63 C - T63
[ T64 k1) 12 12 12 12 B ™M Té:
65 % 8 11 g 11 &5 C T6S
™7 0 12 11 12 12 7 a 67
68 2 11 12 12 12 7 1] 63
69 % 11 10 9 12 68 [y TEQ
O ] 10 10 12 12 3 A T
™m 27 10 10 12 11 ] (0 T71
™m 2 1 12 12 12 76 A ™
73 i) 8 7 8 8 S4 Y] ™
T74 7 1 11 12 10 ?é % T74
T75 28 12, 12 12 I 2 7 75
76 B n 12 12 1 % A IR Poilr i
™ n 9 8 9 9 ] 0 77 20 GRADE A
78 0 9 11 12 11 7 g‘ T8 |18 craDE B
™ % 9 9 9 10 63 ™ )15 caaoe
T 27 9 9 10 12 o7 n s ™ |,
T81 29 1 11 11 12 7% A I GRADE-D
™= 2 1 11 o1 12 74 A ™=
87 2 1 10 10 11 0 3 87
T89 20 10 8 11 9 8 1) ™
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APPENDIX 3

TESTS IN THE SEPARATE SCIENCES
20.08.86

Data held .l'or each variable,

CHEM TST PHYS TST BIOL TST E.SC TST TOTAL

Tl 15 16 20 8 58
T2 21 22 21 9 72
T3 20 22 21 9 72
Té 20 24 22 8 74
T6 22 21 20 8 71
T7 20 21 22 9 72
T8 19 18 23 9 69
T10 19 21 20 8 68
T11 22 23 21 9 75
Ti2 16 20 19 7 60
T14 22 24 23 9 78
T15 21 24 23 8 77
T16 17 22 21 8 67
T17 21 24 23 7 5
T18 18 20 18 9 65
T19 20 23 22 9 74
T22 20 16 20 7 63
T23 14 17 21 9 61
T24 14 17 21 9 61
T25 19 20 22 6 67
T26 21 24 23 9 77
T28 12 18 20 9 59
T29 15 20 21 6 62
T30 21 24 23 8 76
T31 19 22 18 7 66
T32 16 17 22 8 63
T33 22 23 23 8 76
T35 19 21 18 4 62
T38 17 20 22 9 68
T39 17 21 23 7 68
T40 21 22 22 8 73
T4l 13 18 18 8 57
T42 14 21 21 7 63
T43 17 18 21 9 65
T44 22 24 23 9 78
T45 20 21 22 9 72
T46 20 19 22 9 70
T48 20 21 21 9 71
T50 21 22 22 8 72
T51 20 19 21 5 65
T52 22 23 23 9 77
T53 17 20 15 9 61
T54 18 22 21 8 69
T55 22 24 23 9 78
T56 19 21 19 8 67
T58 20 21 16 8 65
T59 19 22 21 -9 71
T61 17 17 15 5 54
T62 17 22 22 8 69
T63 19 19 17 8 63
T64 22 24 23 9 78
T65 19 19 19 8 65
T67 22 23 23 9 77
T68 22 23 23 8 76
T69 20 22 22 7 68
T70 19 22 23 9 73
T71 18 22 21 0 70
T72 22 23 23 8 76
T3 15 16 16 7 54
T74 20 21 22 8 71
T75 21 24 23 8 76
T76 20 24 21 9 74
T77 17 18 17 6 58
T78 20 23 22 8 i3
T79 15 19 21 8 63
T80 17 22 19 9 67
T81 20 23 22 9 74
T82 21 22 22 9 74
T87 20 21 21 8 70
T89 15 21 18 4 58



AR RRRRREIIRIIIIIIIIIIIIIII I I I I

TEST 2A
QUESTION TOPIC DISTRACTORS NO TOTAL
NUMBER A B C D E ATTEMPT ERRORS
1 B k] (67) = b3 T = 3
2 B 2 = 2 1 (85) - 5
3 B N 9 2 (53) 6 = 17
4 P (67) i 1 3 1 1 3
5 c 1 (68) N - 1 - 2
] C X (34) 14 5 5 1 36
7 L4 - 2 3 Ty O (e = a
8 c 7 10 4 (s6) i = 14
9 P - " - - (70) - 0
10 e 6 ‘5 4 3 (52) = 18
11 2 1 5 4 = (65) 1 5
12 o3 N B 4 (65) 1 = 5
TEST 2B
1 B 2 1 T = = 3
2 B = 5 6 = lisn) 2 13
3 c - 1 1 - (68) N 2
4 p 5 1 = (68) 1 - i 2
5 P 2 62 " 4 2 - 8
6 c 1 - - N (63) - 1
7 P (67) 1 2 i & i 3
] P 6 1 i51) 1 10 1 19
9 P t 23 (41) . 2 3 29
10 p . F (61) 5 2 = 9
11 c 3 H (57) 1 4 - 13
12 c 6 % (56) e S 3 14

APFENDIS & 1aABLES OF DISTACTORS CHOSEN BY TEACHERS FOR ALL TESTS
TEST 2M
QUESTION| nopre DISTRACTORS NO TOTAL
NUMBER A B c D E ATTEMPT | ERRORS
1 E (70) = i 2 o T 0
2 E e 7 (60) 1 2 2 10
3 B 3 (55) 2 5 9 1 15
4 E (68) 1 i 1 B 5 2
5 E 1 3 5 {60) 1 % 10
6 E (58) 1 ik 4 6 N 12
7 E 1 1 = (67) 1 "~ 3
8 B (67) 2 o 1 i = 3
9 B 2 oy 2 (66) . = 4
10 B (63) 2 1 2 L 1 7
11 B (63) 5 1 5 = 1 7
12 B 1 3 (58) 8 1 - 12
13 B 1 2 & (53) 13 1 13
14 B o (66) 2 2 =S = 4
15 B e - (69) 1 - - 1
16 B 2 = 2 (67) = 1 3
17 c 5 (60) 1 2 1 1 10
18 o 5 12 6 5 (42) - 28
19 C 1 1 = = (68) % 2
20 [ (63) 3 4 - - - 7
21 P 1 G (65) - 3 = 4
22 P (56) 1 1 1 1 = 4
21 P 10 (51) 3 4 = 2 19
24 P |- & 10 | (48) 4 = 2 22
25 P 7 (58} 3 = = 2 12
26 P (65) 5 - B B B 5
27 P 1 1 (68) £ = = 2
28 P (69) = 1 = . - 1
29 P 3 = 2 (64) 1 5 3
30 3 1 1 - | (68} - - 2

681
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TEST 2C
QUESTION | . 0o DISTRACTORS NO TOTAL
NUMBER A B C D E ATTEMPT ERRORS
1 € (57) 1 1 6 4 1 13
2 c 1 2 1 (64) 1 1 6
3 c = (63) 6 5 1 B 7
4 2 4 2 1 1 (61) 1 9
5 p 1 (67) 2 " - - 3
6 E 3 9 (58) 3 3 - 12
7 B 1 (62) 6 1 = = 8
8 B 9 B 3 (57) 1 B 13
9 B - - - - (70) - 0
10 B B (69) 1 - - = 1
11 c 1 1 (64) 3 - 1 6
12 e 3 L 2 4 (60) = 10
TEST 2D
c 5 (63) 1 1 = & 7
2 P (57) 2 - 4 7 - 13
c (63) 4 3 - 5 n 7
4 c - 1 (57) 12 1 = 13
5 ey 1 2 2 (84) 1 - 6
6 E 1 (58) 2 1 7 1 12
i B - - - - (70) " 0
8 B (63) | 1 - 1 4 1 7
9 B (68) | 1 - o - 1 2
10 B - - 3 (68) 1 - 2
11 C 3 1 (64) 1 - 1 6
12 c B 2 (65) 1 1 1 5

NB: 1In the tables above :-

The distractors circled represent the correct answers
2. E stands for Earth Science Questions

P stands for Physcis Questions
4, C stands for Chemistry Questions

B stands for Bioleogy Questions




