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Abstract

This paper analyses the Tertiary entrance score consequences of the concurrent study of Physics and higher level
Maths in the last two years of Secondary schooling in Queensland. Those consequences are shown to be both positive
and significant, especially for males. It is suggested that this potential improvement, if made known to the students,
could be a motivation for more students to take those disciplines, so providing a larger pool of qualified students from
which Tertiary physical Science and Engineering departments could draw

Introduction

Many university Physics, Mathematics and Engineering departments in Australia and elsewhere have
experienced major enrolment problems, notably at second year and later, for at least a decade, causing
closure, amalgamation and serious loss of staff. The student pool from which physical Science and
Engineering departments can draw has declined because of the reduction in participation, especially male
participation, in higher level Maths and Physics at secondary level. That reduction is a consequence of
decisions made over two years before the student left secondary school.

Calderon, Dobson and Wentworth (2000) examined some consequences of subject selection on Equivalent
National Tertiary Entrance Rank (ENTER) outcomes. They demonstrated that students who studied
Mathematics and Languages other than English (LOTE) ‘tend to gain higher (tertiary entrance scores) than
students taking other combinations of subjects’. However they added the caveat ‘perhaps it is simpiy a
matter of “bright” students undertaking those subjects’.

The Victorian ENTER scaling system is such that it is not easy to identify the ‘bright’ students or the
‘bright’ cohorts of students. Consequently it is not possible in that State to compare ‘like with like’.

The system of scaling used in Queensland to ascertain a students Overall Position (OP), the equivalent of
ENTER, makes it possible to divide students and cohorts of students according to
known achievement on core curriculum elements, i.e. according to demonstrated all round ability. Hence
it is possible to compare ‘like with like’. The aim of the work reported here is to examine the ENTER (or
equivalent) consequences of the study of some subject combinations for groups of students that are known
to have similar levels of demonstrated general ability.

The Queensland OP system: an analytical opportunity

At the completion of secondary school in Queensland, a student is awarded a Senior Certificate that gives
the students’ ‘Level of Achievement’ for each of the subjects studied in Years 11 and 12. In addition the
student receives an Overall Position (OP) which is a number between 1 and 25. The Overall Position (OP)
is designed to be, and is used as, the major entry sieve for tertiary study. Overall Position (OP) is ENTER
under a different name.

The OP awarded to a student is a consequence of the sum of the student’s subject results subsequent to
scaling using the Queensland Core Skills Test (QCS). The rules laid down by the Queensland Board of



Senior Secondary School Studies (BOSSSS) state that all year 12 students who wish to be awarded an OP
‘must sit for the (QCS) test’. The test is designed to measure achievement on the ‘Common Curriculum
Elements’ that underpin the Board of Senior Secondary Schools Studies (QBSSSS) subjects. It is not subject
specific and includes criteria such as ‘comprehend and collect’, ‘structure and sequence’, ‘analyse, assess
and conclude’. There is also a ‘writing task.’ The Queensland Core Skills Test (QCS) is hence a measure of
all round ability; it provides a measure of the relative academic strength of the various cohorts of students.
Recent QCS results for some selected subjects are shown in Table 1.

Noting that these numbers are for all students taking the subjects, not a sample, it is clear that in
Queensland the student cohorts taking high level Maths, LOTE, Physics and Chemistry were much
stronger than the average. Unless Victorian student behaviour in subject selection is radically different to
that in Queensland, it would seem that the caveat in Calderon et al is justified. The generally higher
ENTER scores obtained by students taking LOTE and Mathematics is a reflection of the ‘brightness’ of the
students taking those subjects.

The availability of QCS results for Queensland students not only makes it possible to compare ‘like with
like’ in terms of their all round ability, it makes any analysis that does not make such comparisons faulty.
Education Queensland, via its Equity Programs Unit put out a set of slides for general use and discussion.
It showed that in 1996 a higher percentage of females than males taking, for example, Maths C (considered
to be the most rigorous maths) and Physics obtained a High or Very High Level of Achievement, i.e. the
females ‘did better’. It did not mention the QCS results for those cohorts. The Maths C females scored a
QCS mean of 152.0, sd 25.8; the males 146.2, sd 27.4. The Physics females scored a QCS mean of 149.9, sd
25.7; the males only 141.5, sd 27.1. There can be no doubt that the female cohorts were of substantially
greater ability than the male. In the absence of the presentation and consideration of relevant QCS data it
is totally inappropriate to draw, or ask others to draw, conclusions or even implications from the fact that
females had higher Levels of Achievement than the males. It would be worrying indeed if the
demonstrably more able females had not outperformed the males.

In Queensland an individual subject result subsequent to calibration is the Scaled Subject Achievement
Indicator (SAl). The sum of each student’s five best SAIs is obtained. After all adjustments are made, all
students in the State are placed in rank order. The highest results are awarded an Overall Position rank 1
(OP 1), the next few percent of the results an OP2 etc. The direct link between Scaled Subject Achievement
Indicators (SAIs) and Overall Position (OP) is crucial. A change in an SAT will produce a change in OP.

The Overall Position (OP) is not a score or a measure of student versus some standard. It is a number
which indicates a given students position in comparison to all other students in the State student cohort.
There is a commonly held fallacy that some subjects are more heavily weighted than others. Such a
suggestion is untrue. (Allen and Bell 1993) state ‘It is important to realise that the — analysis does not say
that Physics is better than Art, or Art is worth more than Maths in Society, or that Physics is weighted
more highly than Maths in Society. The dataset suggests that there are differences between the groups of
students taking different subjects. Their overall achievement or OPs reflect this reality.’ Taking one subject
instead of another will not produce any improvement in OP output unless the student is relatively better
at the new subject in comparison to other students. This paper examines some ways through which an
individual student might select combinations of subjects that give the best outcome relative to other
students.

Table 1: QCS results. Mean and standard deviation for all students, 
selected subject cohorts

24.025.925.426.027.626.826.128.7sd
114.3121.4141.3141.6143.8137.2144.6122.9Mean

Marine
Studies

GeographyChemistryPhysicsMaths
C

GermanFrenchAll
students

Source: QBSSSS data. 1998.
Note: Maths C is the highest level maths.



The Overall Position obtained is a consequence of competition between students. The word ‘position’
indicates what the process is: ‘a kind of a contest, competition or race’. (TEPA 2001) In the first instance it
is student versus student in the same school. The subject Level of Achievement a student obtains is not the
primary concern. What matters is how that result, when scaled using the QCS, so giving an Scaled Subject
Indicator (SAT), compares with the SAIs of other students taking other subjects within the same school.

Another possible consequence of a student taking a subject is that it might affect the SAl performance by
that student in another subject. Would studying Ancient History provide thinking patterns that are of
value in Modern History? Would studying high level Mathematics influence SAT outcomes in Physics?

The early nineteenth century economist David Ricardo postulated the ‘famous theory of comparative
advantage’. (Samuelson 1958) That theory argued that even if one country were a more efficient producer
of both of two commodities than another country it would still be profitable for
specialisation and trade to take place. It is comparative advantage as opposed to absolute advantage that
is the determinant. Since the OP system is essentially a competition between students, any given student
will maximise OP output if the subject combinations are those at which the student is at a comparative
advantage. Comparative advantage in this context is the taking of combinations of subjects that produce
the best, or least bad, SAl results in comparison to other students of similar general ability.

Because subject combination selection may influence OP outcomes — depending on comparative
advantage considerations — an examination of relevant SAl outcomes, separately and in combination, was
indicated. This paper attempts to do that by a consideration of SAl data for Physics and two levels of
Mathematics for groups of students of similar general ability as measured by the QCS.

Methods

With permission from the relevant Principals, detailed SAT and QCS data for four Government and one
non Government school in Queensland was obtained from the Board of Senior Secondary School Studies.
(Teese 1995) noted that data must be ‘disaggregated’ rather than looking at ‘boys (or girls) as a group’. The
most usual form of disaggregation is by socio-economic group. The QCS test results make it possible to
disaggregate according to a measure of ability. Hence in this paper disaggregation takes the form of
comparing the SAl/OP outcomes of students with other students of similar abilities. The technique used
was to apportion the students into ‘groups’ according to their QCS results. The number of groups into
which the students were divided was a compromise. If a small number of groups, five perhaps, is chosen
the range of ability is very wide in each group, leading to an unacceptable degree of unintentional
averaging. On the other hand the larger the number of groups, the smaller the number of students in each
group. The number of groups used in this paper is sixteen. Consequently the student numbers in each
group area are frequently very small. For ‘weak’ groups as indicated by the QCS test there are often, and
understandably, no students at all. The inevitable problem of a lack of robustness in the data was deemed
less serious than the averaging problems inherent in wide groupings. In essence, the decision on group
width was between the high risk strategy of narrow groupings which could give indicative results, or wide
groups which could not possibly give valid results at all.

The sixteen groups used were 0.25 standard deviation (sd) (QCS) wide:

Group 1 more than 1.75 sd above state QCS mean

Group 2 between 1.5 sd and 1.75 sd above state QCS mean

Group 3 between 1.25 sd and 1.5. sd above state QCS mean.

down to group 16 (below minus 1.75 sd from the QCS mean). Note that the mean is at the Group 8/Group
9 interface.

In Queensland most students take either Maths A or Maths B. As a generalisation Maths B is the minimum
requirement for entry to mathematically based tertiary study. Maths A is not acceptable for such courses.



A student who takes Maths B may also take Maths C. Maths C contains material such as complex
numbers, vectors, matrices, groups, dynamics (optional) and further calculus. It is generally regarded as
being ‘harder’. Maths C is also considered to be of assistance to students in some tertiary courses. Some
universities give exemption from some first year coursework if a student has achieved highly in Maths C.

In this study three issues were considered, all pertaining to Maths B/Maths C/Physics and
interrelationships between them: (a) possible influence of taking Maths C on the SAT outcome for Maths
B. (b) possible influence of taking Maths C on the SAl outcome for Physics. (c) comparative performance
of males and females.

Relation between SAl and OP

As noted previously, finally adjusted and aggregated SAIs lead directly to OP outcomes. Data from the
Board of Senior Secondary Schools Studies demonstrates the effects of changes in average finally adjusted

SAT on OP outcomes.

It is noteworthy that for the ‘middle’ OP bands, a change in average SAl of 3 to 4 produces a unit change
in OP. To improve from OP5 to OP 1 requires a change in overall adjusted assessment of 24, a change that
would produce an improvement from OP17 to OP7. Consequently the OP output is highly sensitive to
small changes in average SAT for students at or near the average.

SAl outcomes: Maths B, with and without concurrent Maths C

The possibility that the concurrent study of Maths C may effect the Maths B SAT outcomes was examined
by a detailed consideration of SAT outcomes for students of similar ability as indicated by their individual
QCS results. For each of the five schools, each student’s SAT result for Maths B was taken. Those results

Table 2: Relation between mean SAI and OP band lower boundaries

2125134140145149153157160163166170Band lower
boundary

252423222120191817161514OP band

173176180183186190193197201206211217225Band lower
boundary

13121110987654321OP band

Source: QBSSS data. 1998

Table 3: Maths B SAI means with and without concurrent study of Maths C
(All scores are for Maths B only. Numbers in parenthesis are the numbers of students.)

----------------------------------------16
----------------------------------------15
----155 (1)----183 (2)153 (1)--------------------14
------------214 (1)--------------------154 (1)13
----169 (4)----157 (1)----142 (1)----165 (1)----178 (1)12

195 (1)157 (1)----166 (1)----169 (1)----193 (1)----179 (2)11
185 (1)184 (3)177 (1)172 (6)197 (2)176 (4)215 (1)178 (3)176 (2)184 (3)10

----180 (3)190 (1)177 (3)----172 (4)193 (1)176 (6)----178 (6)9
191 (1)----206 (2)175 (6)213 (1)166 (3)197 (1)188 (5)190 (1)174 (6)8

----195 (2)----179 (7)----189 (3)223 (1)172 (2)188 (3)179 (9)7
----181 (5)197 (2)182 (8)----178 (3)206 (1)195 (7)196 (1)179 (1)6

203 (1)198 (1)214 (1)177 (3)218 (1)178 (2)----192 (2)200 (2)195 (2)5
201 (3)195 (2)191 (1)172 (1)----178 (1)----196 (3)199 (2)198 (4)4

----196 (2)----216 (1)220 (3)194 (2)----183 (3)208 (3)219 (1)3
--------220 (1)206 (1)----206 (2)----183 (2)----209 (2)2

213 (3)----224 (1)----197 (2)205 (2)182 (1)202 (2)221 (1)----1
B&CB onlyB&CB onlyB&CB onlyB&CB onlyB&CB onlyGroup

  ESchool  DSchool  CSchool  BSchool  ASchool



were subdivided according to whether the student had taken concurrent Maths C or not. The results of
that process subsequent to further subdivision according to the QCS grouping are as shown in Table 3.

Although the students under the headings ‘B only’ and ‘B&C’ are physically different students, those
students categorised in a particular ‘group’ are of similar ability as measured by the QCS. The very small
numbers of students taking Maths C reduce the reliability of these results. Nevertheless, with a small
number of exceptions a general pattern that students who study Maths C produce higher SAl outputs in
Maths B is observable across the schools. To enable legitimate addition of results across the five schools to

take place it is necessary to further readjust all SATs to the relevant schools’ QCS mean and deviation.
After adjustment the results were aggregated. The mean Maths B SAIs are as shown in Table 4.

The small numbers in the groups make ‘normal’ confidence analysis inappropriate. If groups one and two
are combined, three and four combined, down to nine and ten combined, the means of the Maths B (took
Maths C) are greater than the Maths B (no Maths C) for groups three to ten inclusive at the 5% confidence
level. Notably these are the groups near to, or somewhat above the mean.

In 11 out of the 12 possible group comparisons students produced higher average SAl outcomes in Maths
B if they also took Maths C. Viewed these averages as a Bernoulli binomial trial and bearing in mind that
the ‘groups’ are independent the probability that these are the result of pure chance is (1+12) in 212, i.e.
0.3%. The weighted mean of those improvements is 25. Once again the changes in Maths B SAT outcomes
for groups near to or just above the mean are noteworthy when viewed in conjunction with Table 2.
Although the existence of a correlation between the study of Maths C and improved Maths B outcomes
does not necessarily imply cause and effect, it is unlikely that there is no degree of cause and effect at all.
The results fit well with the common sense view that a student gains in Maths B if Maths C is also taken in
two ways. They are (a) some commonality and (b) thinking mathematically for twice as long each week.

SAl outcomes: Physics, with and without concurrent Maths C

The concurrent study of Physics/Maths C is another subject combination that might have SAl
consequences. In recent years the number of students opting to take Maths C has declined. Due to that

fact, in conjunction with Physics enrolments that have not risen, few students are taking concurrent Maths
C and Physics. Table 5 which shows mean SAIs are hence for the five schools aggregated.

Whilst the small numbers make it hard to draw any firm conclusions about the results in any one of the
groups individually and make confidence levels relatively weak (O.2>p>O.l for groups three to eight
inclusive) they are adequate for general impressions to be highly suggestive. In all the ten groups where
comparison is possible the ‘Physics took Maths C’ result is higher than the ‘Physics no Maths C’ result.
Noting again that the groups are independent the Bernoulli binomial probability that these average

Table 4: Mean SAIs for Maths B, combined schools, with and without 
concurrent Maths C

--------129 (1)--------185 (1)175 (7)184 (2)MB (took MC)
--------153 (3)160 (2)137 (8)152 (6)159 (19)155 (22)MB (no MC)
161514131211109Group

194 (6)189 (4)195 (4)203 (5)192 (6)214 (6)226 (1)209 (8)MB (took MC)
157 (20)163 (23)172 (24)174 (10)184 (11)188 (9)194 (7)200 (4)MB (no MC)

87654321Group

Table 5: Physics SAIs, combined schools, with and without concurrent Maths C

--------------------165 (1)160 (7)179 (1)Physics took MC
149 (1)----140 (2)114 (1)161 (3)139 (1)155 (8)163 (2)Physics no MC

161514131211109Group
168 (3)181 (3)193 (3)185 (5)191 (4)192 (5)----196 (7)Physics took MC

155 (10)164 (10)179 (7)165 (3)162 (6)180 (3)201 (4)194 (3)Physics no MC
87654321Group



improvements are the consequence of chance is 1 in 2’°, i.e. 0.02%. The weighted mean of the
improvements in SAl is 13, only about half of the improvements noted from Table 4 for Maths B outcomes.
Nevertheless these improvements are again noteworthy when considered in conjunction with Table 2.
The fact that students who take Maths C generally scored higher in Physics than those who did not take
Maths C is again not necessarily a matter of cause and effect. However it seems unlikely that there is no
causal link at all. If students feel more comfortable mathematically, that would be a general help to their
Physics. There is also a more direct linkage in the areas of complex numbers/vectors, and, where it is a
part of a school’s Maths C programme, dynamics.

Male performance

In recent years there has been concern expressed in the media and at governmental level about the
relatively poor performance of males in terms of educational outcomes. In Queensland at secondary level

the data used to demonstrate the perceived problem is the OP scores. Recent details of the percentage of
females and the percentage of males who achieved each of the OP bands are as shown in Table 6.

The substantial difference in participation rates between males and females (15000 to 12000) makes any
simple comparison of performance dangerous. More males than females obtained employment, moved to
TAFE or are taking a subject selection at school which does not make them eligible for an OP result. It is
only possible to speculate what OP results those males would have obtained had they stayed at school and
been eligible for an OP. Nevertheless, unless almost all of the ‘missing’ males would have obtained an OP
in the range 14 up to 6, a most unlikely event, the figures suggest male under performance in that part of
the distribution. Males are not performing relatively poorly in the range 1-5, the cumulative male
percentage in those ranges being very similar to cumulative female performance. However male
performance is poor in all OP outcome areas from 6-14 inclusive. Relatively poor OP performance
happens, and can only happen because other students obtain higher SAIs. Consequently in so far as some
males may be under performing in terms of OP output in comparison to females, their SAl results must, in

general, be poorer than those obtained by females. It is hence of relevance to examine the Maths B SAl
outcomes subdivided by gender. Results are as shown in Table 7.

Table 6: Distribution of OP eligible students, by order band and sex

1002.182.513.364.274.094.454.174.654.915.295.294.88Eligible
males %

1001.311.822.523.243.243.894.174.464.614.825.165.63
Eligible
females %

Total252423222120191817161514OP band

5.084.585.044.594.304.313.943.473.443.063.042.692.39Eligible
males %

5.495.235.245.434.994.974.974.084.163.572.832.241.93Eligible
females %

13121110987654321OP band

Source: QBSSSS. 1998.

Table 7: Maths B SAI outcomes, total schools and by gender

----------------16196 (3)174 (6)189 (3)165 (14)8
----------------15191 (4)161 (11)----172 (12)7

129 (1)147 (1)----176 (2)14190 (3)167 (7)203 (1)178 (17)6
----166 (2)--------13200 (3)171 (4)206 (2)184 (6)5
----162 (5)----148 (3)12195 (3)188 (5)191 (3)183 (6)4

190 (1)156 (4)----188 (2)11204 (6)195 (3)----189 (6)3
174 (7)165 (9)----168 (10)10222 (1)--------193 (7)2
190 (1)145 (8)190 (1)163 (14)9211 (6)----193 (2)200 (4)1
B&CB onlyB&CB onlyGroupB&CB onlyB&CB onlyGroup
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For females comparison is only possible in six groups, i.e. 1,4,5,6,8 and 9. In five of those group
comparisons the ‘B and C’ outcome is higher than the ‘B only’ indicating that females have generally
achieved higher results in Maths B if they had also taken Maths C. The weighted mean of those changes is
15. For males comparison is possible in ten groups. In nine of those groups the ‘B and C’ outcome is higher
than the ‘B only’ outcome, indicating that males also have generally achieved higher results in Maths B if
they also took Maths C. The weighted mean of the improvements is 19, a result that is somewhat higher
than for females. Although it would be inappropriate on this data to claim that males are more
advantaged than females, there is no indication at all of the reverse, i.e. that females are more advantaged.
Because comparative advantage requires only that males do as well as females, the combination of Maths
B and Maths C is a probable area of comparative advantage for males. This finding is in harmony with
Matters, Allen, Gray and Pitman (1999) who found that ‘Girls and boys taking the most “popular”
combinations of subjects in non-state schools have about the same distribution of overall achievement. In
state schools, on the other hand, the boys are ahead, markedly so in the middle third of the achievement
range. At the other extreme (the most “odd” combinations), girls are ahead in achievement, especially so

in the state sector.’

A similar subdivision applied to Physics SAl outcomes is shown in Table 8.

As was the case for the Maths B SAIs, the Physics SAl improvements when concurrent Maths C was taken
is noticeable for males as well as for females. For females the ‘Physics and Maths C’ outcome is higher than
the ‘Physics only’ outcome in five of the seven possible comparisons, the weighted mean improvement
being 8. For males the ‘Physics not Maths C’ outcome was higher in all the eight groups where comparison
was possible, the mean improvement being 16. Again the evidence is that males have been advantaged by
at least as much as the females. Hence the subject combination Physics/Maths C is another probable area
of comparative advantage for males. The very small number of students is a reminder of the very low
participation rates, and hence the small pool from which Tertiary physical Science and Engineering
departments can draw.

Opinions of students in Year 12 Maths C

Year 12 Maths C students in the five schools completed a short questionnaire within a few weeks of
finishing that year. Hence they were ideally qualified to give opinions on what it is like to take Maths C
and so comment on any wider implications. Only 51 students in the five schools combined took Maths C.
Of that number 44 were present (and of course responded) when the questionnaire was given. Relevant
questions and responses were as follows:

In response to the question ‘In Maths B, do you think you were advantaged compared to a student who
does not do Maths C?’ 32 % replied ‘a lot’, and 64 % ‘a little’. Only 4 % thought they had not been
advantaged at all. However only 14% considered that they had been advantaged in Physics ‘a lot’, 52 % by
‘a little’, 18% ‘not at all’, 16% did not do Physics.

These responses, showing that students felt that they were advantaged in both Maths B and Physics, but to
a greater extent in Maths B, tie in well with the earlier SAT analysis. Overall 26% of the students were ‘very

Table 8: Physics SAI outcomes, total schools and by gender

----149 (1)--------16172 (2)155 (8)160 (1)154 (2)8
----------------15181 (3)165 (8)----161 (2)7
----140 (2)--------14193 (3)172 (4)----189 (3)6
----114 (1)--------13182 (3)171 (2)190 (2)152 (1)5
----161 (3)--------12192 (3)170 (2)188 (1)158 (4)4

165 (1)139 (1)--------11198 (4)173 (2)169 (1)195 (1)3
158 (6)153 (7)169 (1)167 (1)10----213 (1)----197 (3)2

----167 (1)179 (1)158 (1)9203 (5)----177 (2)194 (3)1

Phys and
MC

Phys no
MC

Phys and
MC

Phys no
MC

GroupPhys and
MC

Phys no
MC

Phys and
MC

Phys no
MC

Group
leMaaleFemleMaaleFem



glad’ they had taken Maths C, 36% were ‘glad’, 26% were ‘not bothered’ and 12% ‘wished they had never
started it’. Whilst it is possible that these responses are to some extent a form of self justification, it seems
more likely that they are the responses of people who recognise that they have profited by the subject.
That view is strengthened by the students responses to the question’ If a Year 10 student asked you
whether she/he should take Maths C in Year 1 1’ 26% said that they
would ‘strongly advise taking it’, 55% ‘mildly advise taking it’, 14% said it ‘doesn’t matter’, 2%’ would
advise against’ and 2%’ were ‘strongly against’. This is important opinion; no other people–parents,
teachers, guidance officers or outside experts–are as well placed to advise on what it is like to take Maths
C.

In addition to responding to the questions the students were asked to make comments ‘about Maths C or
any influence on other subjects’. That request was placed in the background that ’... you are the experts..
.we need your advice’. The comments are an excellent insight into the minds of the students as may be
seen in the following examples that are quoted without amendment.

n I would advise a student taking Maths C to also take Physics because it helps with dynamics studied in
Maths C.

n Don’t do Maths C unless you need it for your future career. It’s not much harder than Maths B but you
have to do Maths B as well, so why double your amount of Maths workload when you don’t have to.

n I found Maths C helped a bit in Maths B and Physics only. This subject deals with more in depth
proofs of laws and formulas and I feel it will be a good advantage over people who don’t do Maths C
and intend to study Maths and hard sciences in uni. I wish we could have covered a bit more, though
it was hard, it would have been more complete. I don’t know if we should have looked at dynamics in
conjunction with Physics as we didn’t do it.

n It’s pretty good-don’t stress over it, it’s no harder than any other subject as long as you pay attention
and work occasionally. Remember-you will be taught everything you need to know, you’re not
expected to be brilliant or insightful.

n Doing Physics advantages us in Maths C. Maths B is boring and too easy. God help zomby Maths. the
panel is stupid and should be reviewed. English sux.

n Physics and Maths C should confer so that when the same thing is being learnt one can help the other
e.g. inclined planes etc.

n Maths C is worth doing a lot. It is my favourite subject because I’m interested in maths rather than
english Doing Physics and Maths C works together.

The general trend of the responses from the Year 12 Maths C students fit well with the earlier SAI analysis.
The evidence points to there being OP output advantages in taking the combination Maths B/Maths
C/Physics, that advantage being maximised if the dynamics unit is included in the Maths C.

Opinions of Year 10 students

A short survey was administered to the Year 10 students in the five schools in October/November, the
actual time of subject selection. The responses most relevant to this paper are those to do with student
knowledge of the Year 11 subjects and the sources, if any, of ‘advice’.

43% of those who had opted to take Maths C (n=53) stated that they had been advised to take it. The most
common sources of that advice were teachers or parents. 33% of those students qualified to take Maths C,
but who had opted not to (n=180), stated that they had been advised not to.

Few specific sources were adduced, the most common being ‘people’, a response that may have more to
do with rumour than information. 30% stated that they ‘don’t really know what it (Maths C) is’. A lack of



advice, dependence on rumour and, for many, a lack of knowledge about the subject is a poor foundation
for informed decision making.

70% of those who had opted to take Physics (n=87) and 63% of those who intended to take Chemistry
(n=144) stated that they had been advised to do so, the most common source of that advice was again
teachers and parents. Only 8% and 10% of students who had opted not to take those subjects stated that
they had been advised not to (np=148, nc=103). Those figures fit poorly with the fact that 56% of students
had ‘heard’ that Physics was ‘hard’, and that 38% had ‘heard’ that Chemistry was ‘hard’. Once again
rumour appears to be the substitute for knowledge. Physics has a reputation for being ‘hard’. When asked
to rank the various science subjects in order of difficulty, 90% ranked Physics as the ‘hardest’. 23% stated
they ‘don’t really know what it (Physics) is’, whereas only 11% made a similar comment for Chemistry. As
for the Maths C responses the level of student knowledge appears inadequate, especially for decisions as
important as subject selection.

Summary and Conclusions

The data from the five schools considered indicates that from an SAl and hence OP view point, students
may have been generally advantaged by taking the combination Maths B/ Maths C/Physics. Because of the
inter connections between physical Chemistry and Physics, the complete combination Maths B/Maths
C/Physics/Chemistry is likely to optimise OP outcomes. It is difficult to quantify with precision the OP
improvements that might result as a consequence of taking that subject combination. However it is
noteworthy that SAl improvements are most reliable near to and somewhat above the mean, the area
where OP outcomes are most sensitive to SAT change. It hence appears probable that for students near to
or slightly above the centre of the distribution the improvement would be in the range from one to three
OP bands. In the context of the relatively course grained 25 band OP system such an improvement is
valuable. If the prospect of improved OP outcomes motivated more students to opt for rigorous Maths
and Physics the pool of students from which Tertiary physical Science and Engineering departments can
draw would be proportionately increased.

It is noteworthy that the magnitude of the advantage accruing to males is similar to that for females. In
recent years the relatively poor OP performances of males has been a matter of public concern. Poor
performance occurs because their SAIs are generally lower than for females. It follows therefore that any
area in which the males do as well as females is an area of comparative advantage for males. Consequently
it would be advantageous if more capable males were encouraged to take the combination Maths
B/MathsC/ Physics/Chemistry.

School students are, to a great extent, powerless to influence school curricula or assessment methods. They
have no influence over BOSSSS techniques that produce the OP results. There are very few points in their
school career when they have any control over matters that might affect their final results. Subject
selection at the end of Year 10 is one decision that can be made by the student. It is a moment of
empowerment. In terms of OP output it is essential that boys take combinations of subjects in which they
perform as well as girls, for it is there that they have a comparative advantage. Whilst many are not
capable of taking the combination Maths B/Maths C/Physics/Chemistry, a large
number are. The number taking Maths C at present is far smaller than it used to be. That decline and a
concurrent decline in Physics participation is an Australia wide and even a global trend (see, for example,
Ridd and Heron 1998). All of the decline in secondary Physics participation in Queensland for the period
1992 to 1996 was due to a reduction in male numbers. Many boys who are capable of taking Physics and
especially Maths C, are choosing not to. Ainley (1993) showed that participation in physical science is
‘most strongly shaped by earlier achievement’ and that for males that earlier achievement ‘is independent
of, and much stronger than, socio-economic status’. Marks, McMillan and Hillman (2001) demonstrated
that ’.. .the strongest influence on tertiary entrance performance is literacy and numeracy achievement in
Year 9’ and that ‘...middle to high achieving boys are not performing as well as expected, relative to girls,
given their Year 9 achievement levels’. In Queensland Allen (2001) demonstrated that the standards of
mathematical achievement at Year 10 exit are highly variable. An examination of the data also shows that
in some areas of major significance to later Mathematical study they are weak: less than 20% of students
can, with any reliability, logically sequence their work using appropriate terminology, layout and



sequence. Very few of even the Maths B students can reliably apply algebra. The ability to apply algebra
(and calculus) is central to Maths B and Maths C in Years 11/12. There is hence a disconnection at the Year
10/11 interface, with a consequent degree of student disempowerment. Furthermore such
disempowerment may affect males more than females because it would affect Year 11 participation in
subjects at which males are probably at a comparative advantage. Irrespective of the reason(s) it is evident
that at a moment when the are uniquely empowered to influence their OP outcomes, many boys are opting
out. They are perfectly entitled to do that and they may well be taking subject combinations that provide
them with a better all-round education. The concern is that many of them may not be aware of some of the
possible consequences of their actions, notably OP consequences.

Secondary institutions should reconsider their internal organisation to Year 10 exit to ensure that students
are provided with a vastly improved mathematical foundation. That foundation together with an
improved knowledge of Year 11/12 subjects and of the OP implications of subject selection is essential for
informed decision making.

Tertiary institutions should, as an integral part of strategic planning, recognise that what happens in
secondary schools, and in particular subject selection at Year 10 exit is of crucial importance to them.
Elementary self interest demands that Tertiary processors should take an interest in, and if possible have
an influence on, the quality of secondary processing.
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