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SUMMARY

KEY POINTS

Higher performance at university is more closely related to how well students performed at
school, rather than to the particular subjects they studied at school.

This applied to a broad range of school subjects, and to nearly every field of study at
university.

There are some skills and knowledge that do appear to be important to performance at
university. Mathematics at school is associated with better performance in mathematical
science, chemistry with chemical science, English with studies in law. The strongest effect
was for accounting students taking courses in accountancy.

But what school subjects are taken is less important than how well students perform at
school, and doing well in one school subject can offset doing poorly in another.

The results of this study raises questions about the need to prescribe the subjects a student
must take at school, as a general pre-condition for entry to university. A better approach is
to consider how well a student achieves at school. This presumes that the school subjects a
student takes include a broad range of academic skills. And if a student requires specific
skills or knowledge in their university studies, or where having those skills gives the student
an advantage, then taking particular subjects at school is likely to be beneficial.

Basing entry to university on school achievement will improve student outcomes, but this
should not be the only guide for entry to university. Previous studies, using the same cohort
of students, have shown that some students with low school achievement, when they get to
university, can outperform their peers who had higher school achievement.

This analysis looks at the association of schobjext and school achievement on university
performance. The school subjects considered asetho the ‘approved list’ of subjects for the
New Zealand university entrance requirement.

There is a popular view that mathematics is linteedigher university performance in a range of
degree-level studies. But in this study, we foumak university performance overall is largely
independent of what subjects are studied at sclkamthermore, this applies to a wide range of
fields in degrees at university.

What we did find was that howell a student achieves in a school subject is stroaggpciated
with university performance. Some subjects weregmatly associated with higher university
performance, but not in all fields of study. Theosgest effect was consistently associated with
increasing levels of school achievement.

In other words, for two students with the same ll@feschool achievement, and enrolled in the
same field of study, their university performance most cases will be statistically
indistinguishable. In only a few cases, one studeiit have slightly better university
performance, and this is associated with that siutéking a particular school subject. In these
instances, there is a subject-matter link betwden dchool subject and the degree study;
mathematics for mathematical science study at wsitye chemistry for chemical science, or
school accounting for accountancy. But the diffeeem performance is generally small. The
largest differences in university performance ocbetween students with different school
achievement.
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This finding does not mean that the skills or knenlge gained in a subject are unimportant. If
there are pre-requisite skills or knowledge requiiar a field of study, then those students with
those skills and knowledge will be expected to ddl.vBut, a student must take the classl
achieve well if taking the subject is going to pdmvany subsequent benefit in their university
studies.

Our findings have implications for universities. i\grsities are facing high levels of demand for
degree level study, but their enrolments are cammstd by the number of places funded by
government. In response, some universities arargjttheir general admissions criteria, giving
preference to students with higher levels of schaxiievement. While these changes will
generallyidentify students more likely to perform well ativersity, the findings of our earlier
study (Engler 2010) suggest the proposed chandkdisadvantage particular groups of below-
average students at school who, counter-intuitjvidywell at university. The present study also
suggests that requirements for achievement fraréicular school subject is not necessary, at
least for students who have met the universityaga requirement, since good achievement in
one subject can offset poorer achievement in anothe

Our findings also have implications for the settiofythe university entrance requirement.
Currently, in New Zealand, the university entranequirement for those less than 20 years of
age requires a student to achieve credits in tiyeasd numeracy across the National Certificate
of Education Achievement (NCEA) levels 1 and 2addition to gaining credits at level 3 of the
National Qualification Framework in a prescribest bf subject$.Our study has shown that, at
least for the subjects that are currently in thespribed list, the actual subjects taken have littl
bearing on university performance. This conclusimmst be tempered with our earlier caveats
regarding specific skills and knowledge that mayalssumed in particular university courses,
and with the recognition that there may be somgestbthat develop skills that have a lesser
relationship with the sorts of skills needed inrdeglevel study.

We conclude that personal attitudes and traits sagkhmotivation, study habits and time
management skills also contribute to the basisiofessful learning, whether it occurs in school
or at university. These factors are clearly indelesm of the subject matter being studied, so it is
not surprising to us that university performanceomty weakly associated, if at all, with the
subjects taken at school. It is the extent to wlacstudent possesses these attitudes and traits
which affect how well a student performs acaderhicathether at school or at university.

The study looked at intramural, first-year bacheldegree students at a university. Each student
had gained the NCEA level 3, and met the universiifrance requirement. For a particular
subject, students were excluded if they attained than 14 credits in that subject. Students in
the study varied between 17 and 20 years of agkwane studying at tertiary level in the years
2006 to 2008.

! We are not suggesting that universites going to implement such a requirement.

2 The list of ‘approved subjects’ is provided in Amlix A. More details can be found at http://wwvgazovt.nz/qualifications-
standards/awards/university-entrance/.

Are particular school subjects associated with better performance at university?  Ministry of Education 3



1 INTRODUCTION

In December 2009, a report was released whichweddhe deteriorating state of mathematical
sciences and related quantitative disciplines, @nedteaching of mathematics in schools in
Australia (Brown 2009). In that report, Brown wste

“Moreover, mathematical skills are universally dee for the study of science. Mathematics is an
important enabling science. The community perceptiothat this relates mostly to the physical
sciences. However, it is an enabling science fonueh broader range of disciplines, including
environmental sciences, meteorology, psychologgithesciences, geography, economics, finance,
business, and many others. For example, an aitidlee journal Science in 2007 [Sadler and Tai
2007] observed that taking extra mathematics at biahool gave students an advantage across all
science subjects, ‘including college biology, acifiine not traditionally associated with strong
mathematics preparation™ (Brown 2009 page 6).

This belief, that mathematics is associated wittcess in tertiary study, is often seen in the
literature (Tho 1994, Trusty and Spencer 2003,eBilsStrauss and Jonck 2007, Sadler and Tai
2007, Alcock, Cockcroft and Finn 2008, Mallik anédrda 2008), although languages are also
regarded as important in the study of law (Kok 200/ost of these studies do not control for
student achievement at school—in fact most are lan@bcontrol for this—and so several of
these studies include statements alluding to ttietiat it might be the higher achieving students
who choose mathematics at school, and this higtigiegement may be the reason behind the
benefit that the study of mathematics providesdigtithat have controlled for student ability
found an effect of mathematics over and above studbility (Alcock et al 2008), whereas
others found there was only a weak positive caliiebetween high school mathematics results
and performance at university (Rauchas et al 2006).

Our study investigates the association betweerstifigects studied at school and a student’s
performance in their first year of bachelors-lesteldy at university. It uses essentially the same
cohort of students as our recent study on uniwerpirformance (Engler 2010), which
considered a number of demographic factors thacaffiniversity performance. A particular
advantage of the data used for these studiestig #tillows us to control for student achievement
at school, both at the aggregate level, over &ljesits, and at the individual school subject level.

The difference between the cohort of students usedr study and the earlier one by Engler is
that we exclude students for subjects in whichstiielent gained less than 14 credithis was
done so as to remove the possibility that univesérformance was determined by the number
of credits a student achieved, rather than how thel} performed. It might have been the case
that, when considering a particular subject, sttslesth less than 14 credits in that subject were
the poor performers in their university studiesqd @émat once this threshold or tipping point of
credits had been reached, all students fared @'qmall.4 However, this was found not to be the
case. We thought it prudent to exclude these stadaryway, since taking only a small number
of credits may have reflected a student ‘dabbliimgthe subject, as opposed to gaining any
mastery of the subject material. The conclusiontheftudy are strengthened as a consequence.

School achievement is known to be strongly assediatith performance in tertiary studies,
especially for the first year of study (Scott 20@gler 2010). Any study considering factors
affecting university performance must control fardent achievement at school. Furthermore, if

3 To meet the university entrance requirement, desturequires at least 14 credits each in two stibjeom the ‘approved subjects’ list, at least 14
credits from no more than two domains on the Nati@ualifications Framework, at least 14 creditsnathematics or statistics and modelling at
NCEA level 1 or higher, and 8 credits at NCEA le2ear higher—4 in reading and 4 in writing. Seeitivww.nzga.govt.nz/qualifications-
standards/awards/university-entrance/ for furthedaits.

41 am indebted to Dugald Scott of Victoria Univéyssf Wellington for making this suggestion.
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we intend to consider the effect of school submttuniversity performance, we must first
ascertain the relationship between school achiemerand subject selection. If there is an
association, then school achievememistbe controlled for, given the strong link between
school achievement and university performance. d¢dottrolling for school achievement will
confound the effects of subject choices, and aelnm@nt in those subjects. If we were to find
that some subjects are associated with better raiyeperformance, we would be unable to
conclude if it is the school subject that is asstmd with the improvement; it may actually be
that the students are higher achievers, who happ@enieave done that subject. This report will
show that higher school achieveménassociated with particular subject choices at S¢lamul
then, when school achievement is controlled fore #dvantage observed in university
performance for most school subjects largely disapp

A limitation of our study is that we can only intigaite students who proceed to university, and
therefore are limited to the subjedisese students studied at school. These subjects, by
definition, are those prescribed in the ‘approvedbjects’ list (see appendix 1). We can't
determine how a student fared at university if ttak alternative subjects, since these students
in the main do not go on to bachelors-level stuidlye conclusions of our study are therefore
restricted to that set of 40 subjects in the ‘appdosubjects’ list. However, we believe this is not
a severe limitation, since we are focussing owndittn on bachelors-level students at university,
which necessarily limits our focus to academicheatthan vocational, study. We also present
results for students who took visual arts subjectse-in the ‘approved subjects’ list—which
suggest our conclusions may have wider applicgbilit

We also can not say that taking a subject at sctemlltsin a particular level of university

performance. We can only say that taking a subgeassociatedwith university performance.
That is, we are not able to determine the causieeofelationship, simply that there is one.

Are particular school subjects associated with better performance at university?  Ministry of Education 5



2 SCHOOL ACHIEVEMENT AND UNIVERSITY
PERFORMANCE

Achievement at schoband subsequent university academic performancaighdy correlated.
Figure 1 (taken from Engler 2010, figure 4, page2®ws the relationship. The students whose
results are shown in the figure all achieved theEWNQevel 3 qualification, and met the
university entrance requirement.

Figure 1
Expected probability (and 90 per cent confidence limits) of passing most (more than 75 per cent) first-year bachelors courses at
university by school achievement
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Results are calculated using all ethnic groups, all study types, all degrees studied at university, all school decile categories, gap and no
gap year students, and both genders. They exclude extramural students. The achievement score is explained in footnote 5.

The mean school achievement score for this populaif students is about 50. It can be seen
that for students with below-average school achierd, the relationship between school
achievement and university performance is quitensgtrand essentially linear. For every 5 point
improvement in school achievement, there is a spoeding increase of about 10 percentage
points in the likelihood of passing most first-yeaurses. For above-average school students,
the relationship is less strong: improving schaothi@vement results in small and decreasing
improvements in university performance. This isb® expected, as the likelihood of passing
most first-year courses nears certainty.

5 Achievement at school is measured using a statistined the NCEA level 3 achievement score. Thisesis based on students’ grades in their level
3 standards against other students in the samepreaiucing a score between 0 and 100. Studentsyained level 3 credits with excellence and merit
grades will score higher than students who gaiheit tredits with relatively fewer merits or exegltes, or with relatively more achieved grades. The
score also adjusts for the level of difficulty witta standard. A student, who achieved an excalléma standard where many people gained a merit or
excellence, will receive a lower score for thanstard, while a higher score is given to a simitadent in a standard where most people received an
achieved grade, for example. Details about thedWatiCertificate of Education Achievement can benfb athttp://www.nzga.govt.nz/qualifications-
standards/qualifications/nce&urther details about the calculation of the stlaahievement score can be found in Ussher (2008).
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3 SCHOOL ACHIEVEMENT AND SCHOOL SUBJECT
CHOICE

There is an association between achievement abkahd students’ choice of subjects.

The data available in this study allows us to campan average, student achievement in one
year with the selection of subjects in the follogvipear. Accordingly, we have used school
achievement at NCEA level 2 and compared it tcctiwce of subject at NCEA level 3.

Figure 2 shows the frequency distribution of stusleacross the range of NCEA level 2
achievement, calculated across all level 2 subjéatsstudents who did or did not take NCEA
level 3 English.

Figure 2
Frequency distribution of students who did, or did not take NCEA level 3 English, against overall school achievement in NCEA
level 2
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It can be seen that students with achievement sdéess than 50 were slightly less likely to take
English, while students with achievement scores0obr higher were slightly more likely to take
English. Although largely overlapping, the two distitions have different average level 2
achievement scores (table 1).

This situation can be contrasted with figure 3,alléhows the distribution for students who did
or did not take the subject mathematics with cai€ds a level 3 subject. Students with above-
average school achievement at NCEA level 2 arenfare likely to take mathematics. In other

words, the level of achievement of students takimgthematics is, on average, higher than
students who did not take this subject.

The type of pattern depicted in figure 2 for Englis also seen for the level 3 subjects statistics
and modelling, economics, and accounting. The bfgmattern seen in figure 3 for mathematics
is also seen for the subjects physics, chemisty,adher languag€sThe frequency distribution
for biology falls somewhere between that of Enghsiil mathematics, with a clear ‘shift to the
right’, but is not as pronounced as that seen fathematics. For humaniti@shere is a ‘shift to

8 In this report, the shorthand term ‘mathematicél sometimes be used to refer to the subject ‘mathtics with calculus’.
7 Other Languages include French, German, Spani$h.atin.

8 Humanities, as defined in this study, include gepby, history, art history and classical studies.

Are particular school subjects associated with better performance at university?  Ministry of Education 7



the left’. That is, students who chose to study &mithes subjects were slightly more likely to
have below-average achievement in their level Bistu For visual arts subjectshis ‘shift to
the left’ is more pronounced. Table 1 shows theraye level 2 achievement score for the
various level 3 subjects.

Figure 3
Frequency distribution of students who did, or did not take NCEA level 3 mathematics with calculus, against overall school
achievement in NCEA level 2
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Table 1
Mean and inter-quartile ranges for NCEA level 2 achievement scores for level 3 subject choices

Did Did not
take the subject take the subject .

Difference

Inter-quartile Inter-quartile between

Level 3 subject Mean range’ Mean range’ means
Chemistry 58.0 47-71 47.6 36-59 10.4
Other languages* 59.5 48-73 50.0 38-62 9.5
Physics 56.5 44-70 48.5 37-60 8.0
Mathematics with calculus 56.1 44-69 48.6 37-60 7.5
Biology 54.1 43-66 48.7 36-61 54
Accounting 53.3 42-65 50.3 38-62 3.0
English 53.1 42-65 47.0 33-60 6.1
Statistics and modelling 52.6 41-64 48.6 36-61 4.0
Economics 52.1 41-64 50.3 38-63 1.8
Humanities* 50.8 39-62 50.5 37-63 0.3
Visual arts* 48.5 37-60 51.3 39-63 -2.8

" The inter-quartile range is the range of values between the 25" and 75" percentiles. That is, a quarter of the students in the particular
subject have scores below the lower value of the range, and a quarter have scores above the higher value of the range.

*Other languages include French, German, Spanish and Latin. Humanities include geography, history, art history and classical studies.
Visual arts include photography, printmaking, design, sculpture and painting.

9 Visual arts subjects include photography, printmgkdesign, sculpture and painting.
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What these results show is that students with hitgvels of school achievement are more likely
to take particular subjects. These subjects aramistiy, other languages, physics, and
mathematics with calculus. We would expect, givdre trelationship between school
achievement and university performance, that stisdezking these particular school subjects
would, on average, show higher levels of univerpgyformance across a range of bachelors-
level study courses. For the average student taftiege subjects, this difference in school
achievement translates into a 7 or 8 percentagde puirease in the likelihood of passing most
first-year courses at university (extrapolated fifigmre 1).

It is not coincidental that higher school achievatrnie seen for particular groups of subjects.
Table 2 shows the correlations between pairs ofestdtaken by students. It can be seen that
taking mathematics with calculus is positively asated with also taking physics, chemistry,
economics and accounting, but negatively associatld taking statistics and modelling,
English, humanities and visual arts. There is atisdical association between mathematics and
other languages. It is likely to be much the sammug of higher-achieving students taking a
particular group of subjects.

It can also be seen that the correlations betwedmpeds are generally small. The largest
correlation, between physics and chemistry, is 8:0C4early, while there are ‘natural’ groupings
of subject choices, in reality, there is a verygéawvariety of subject combinations taken by
students. This makes it somewhat problematic terdehe the impact a single school subject
has, in isolation, on university performance.

Table 2
Pearson correlation coefficients of the selection of NCEA level 3 school subjects

Physics Chemistry ~ Biology  Statistics ~ Accounting ~ Economics ~ Languages English  Humanities  Visual Arts

Mathematics +0.45 +0.30 +0.01 -0.06 +0.10 +0.07 -0.00 -0.17 -0.22 -0.09
Physics +0.46 +0.17 +0.10 -0.07 -0.09 -0.04 -0.14 0.27 -0.12
Chemistry +0.43 +0.17 -0.09 -0.14 -0.00 -0.10 0.23 -0.20
Biology +0.15 -0.16 -0.18 -0.03 -0.01 0.1 -0.16
Statistics +0.17 +0.16 -0.05 -0.09 -0.16 -0.19
Accounting +0.39 -0.05 -0.08 -0.11 -0.13
Economics -0.02 -0.03 -0.04 -0.15
Languages +0.08 +0.04 -0.05
English +0.04 -0.02
Humanities +0.01

Correlations shown in bold type are not significantly different from zero at the 95 per cent level of confidence.
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4 EFFECT OF SCHOOL SUBJECT ON UNIVERSITY
PERFORMANCE

The previous two sections of this report showed #whool achievement is associated with
university performance, and that school achieverigatso associated with the level 3 subjects
studied at school. The fact that school achieveniaks the two factors of interest, school
subject choice and university performance, makesnfortant that we control for school
achievement when considering university performance

School achievement can be controlled for in a waredé ways. In this report we consider four
methods.

» First, we look at the university performance ofdemts who did or did not take a particular
subject at school. While this is not strictly cariing for school achievement, we are
interested in contrasting the effect of taking &o&d subject on university performance
against not taking that subject.

» Second, we model university performance using tagisegression, with school achievement
in one subject used as a continuous variable (O+-E0@ a second subject regarded as a
categorical variable (did or did not take the sab)je

» We model university performance controlling for gghachievement in two subjects, used as
continuous variables, for students who took bothjestis.

» Lastly, we model university performance for studemtho did or did not do a subject,
controlling for school achievement in the subjetite two groups of students have in
common.

The methods above are applied to university stumhsidered in broad fields—physical and
natural science, for example. We also considerysindharrow fields—mathematical sciences,
and chemical sciences, for example, to test thethgsis that the more similar the subject topic
between a school subject and the university stilndymore likely there is to be an association.

We could theoretically control for more than twdmgcts, but sample sizes become small and
undermine the robustness of the models. Even withsubjects, not all subject combinations
can be analysed because there are too few students.

4.1 Effect of taking, or not taking, a school subject

This section considers whether taking a particalasject is associated with higher university
performance, and, conversely, whetheot taking a subject is associated with lower
performance. We consider a range of tertiary fieldstudy, staring with degrees in engineering.

Engineering
Figure 4 shows the proportion of students passiogtraf their first-year engineering courses,
by whether or not a student took a particular I&/ethool subject.

The figure shows two aspects. Firstly, it can benshatnot taking physics, mathematics with
calculus, or chemistry (but having taken any othgbject) is associated with a significantly
lower likelihood of passing most first-year courgeengineering. However, not taking any of
the other school subjects is not associated witletcchances of passing engineering courses.
Students who did not take statistics and modebinhgchool show a relatively higher likelihood

10 Are particular school subjects associated with better performance at university?  Ministry of Education



of passing most courses, indicating that this grofugtudents probably took mathematics with
calculus, or physics or chemistry, given the heigtthe bar in the graphi.

Secondly, taking chemistry, physics, or mathematiith calculus is associated with higher
likelihoods of passing most courses than for theeioschool subjects. This also applies to level
3 biology, but the difference is not significantligher than not taking biology. Students taking
statistics and modelling were significantly ledely to pass most of their engineering courses.
Again, this is likely to be because they diot take those subjects that appear to be necessary for
successfully studying engineering.

Figure 4
Effect of school subject on course pass rates for students studying engineering at bachelors-level at university
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School subjects are sorted in order of increasing course pass rate for when the subject was not taken.
Error bars are 90 per cent confidence limits.
Results for where there were fewer than 50 students are not shown.

The difficulty with this analysis is that we aretraxtually controlling for school achievement.
The higher pass rates are seen for subjects tlvat ba average, higher school achievement.
Based just on this data, it is difficult not to a®ro the conclusion that physics, mathematics
with calculus, and chemistry, overall, provide sdmeefit in studying engineering.

Later in this report we show results when contnglifor school achievement. We find, in most
cases, that when controlling for school achievememdst associations diminish or disappear
entirely. Unfortunately, few students take engimegr and students who do not take
mathematics, chemistry or physics at school, ragelyon to study engineering, so modelling
performance in engineering to control for schodhi@gement is problematic. However, our
exploratory analysis suggests that once schooleaehient is controlled for, performance in
engineering is independent of whether or not aestutbok physics, mathematics or chemistry at
school.

Physical and natural sciences
Figure 5 shows course pass rates for students witied physical and natural scientest
university.

10 Refer to table 2 for subject choice correlations.

1 physical and natural sciences includes studiesingical, earth and chemical sciences; physicsastronomy; and mathematical sciences.
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The first impression is that the results are natteking as for engineering. The other difference
is that the confidence bars are much shorter, atiflg the fact that the number of students
studying engineering is relatively small, while estie is one of the larger fields of study at
university.

In spite of the smaller differences, it is cleaatthot studying chemistry, biology, physics,
mathematics with calculus, and other languagesadsociated with significantly lower
likelihoods of passing most courses, compared udestts who didake those subjects. The
difference is pronounced for chemistry, biology apldlysics, which happen to be science
subjects. Of course, these subjects are again tbeleeted by students with higher school
achievement, although the effect for biology irufig 5 is higher than we might have expected
given the difference in the average level 2 achies score (table 1).

Unlike engineering, the probability of passing mostrrses for students not doing any of the
school subjects ever falls below 0.5 for the staflgcience at university. Not doing chemistry

alone results in a probability below 0.7, but sntdevho do not take chemistry at school have a
guite low average level 2 achievement score (thple

Figure 5
Effect of school subject on course pass rates for students studying physical and natural sciences at bachelors-level at
university
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School subjects are sorted in order of increasing course pass rate for when the subject was not taken.
Error bars are 90 per cent confidence limits.

Society and culture

Figure 6 shows the results for students studyimgespand culturé® Here, not studying any of
the subjects is not associated with lower univesgrformance, with all probabilities of passing
most courses above 0.7. Certainly, taking Englsthtistics and modelling, other languages,
chemistry, biology, mathematics with calculus, pbysor accounting is associated with
significantly higher course pass rates than ndntakhese subjects. But it would be wrong to
conclude these subjects provide an advantage. r8tuddo took these subjects have on average
higher school achievement. On the other hand, tfemsdts suggest that not taking English may
be associated with lower university performancéeast relative to not taking other subjects.

12 Degrees in society and culture include studieimanities and social sciences; law; political scie language and literature; philosophy;
economics and econometrics; and sport and recreatio
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Figure 6
Effect of school subject on course pass rates for students studying society and culture at bachelors-level at university
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Management and commerce
Figure 7 shows the results for students studyingagement and commer2at university.

Figure 7
Effect of school subject on course pass rates for students studying management and commerce at bachelors-level at university
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3 Degrees in management and commerce include stindéesountancy; business and management; salemanheting; tourism; and banking, finance
and related fields
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The results are similar to that seen for societg anlture (figure 6), with no likelihood of
passing most courses below 0.7. However, the afdére subjects has changed. Performance in
a management and commerce degree at universiowisr Ifor those students who didn't take
statistics and modelling, economics and accountiigch we find intuitively correct given the
skills likely to be needed in this field of studget we again see significant differences between
students who did and did not take mathematics eathulus, chemistry and physics. And once
more, taking other languages at school is alsocaed with better performance at tertiary
level.

Summary

Had mathematics been the only school subject ceresidin this part of the study, it would be
reasonable to conclude, like Sadler and Tai (2@@at)mathematics is ‘an enabling science for a
broad range of disciplines’. Interestingly, when lwveked at the degrees in health, education or
creative art$? mathematics did not show this association, althatgdent numbers are low for
these disciplines.

When a broad range of school subjects is considérisdoften mathematics, chemistry, physics,
and other languages which are associated with highiels of university performance, the same
subjects which are associated with higher levelsabibol achievement. But for most fields of
study, not taking these school subjects is not catenl with ‘low’ levels of university
performance, even though the difference betweeimgalind not taking the subject may be
statistically significant.

The exception appears to be engineering. It seleatadttaking a science subject (mathematics,
physics or chemistry) is a disadvantage when shgdgngineering at university. But this should
not be surprising. In any discipline, if there gre-requisite skills or knowledge required of a
student, especially if these are fundamental topémgicular area of study, then students with
those skills and knowledge will have an advantagel would be expected to do better. But
there is a caveat; simply taking a mathematicsckasd not gaining mastery of the skills taught,
ought not to provide this advantage. As we willwghao the next sections, a student must take
the classaand achieve a level of understanding that leads toi@erfcy in the use of those skills
and knowledge, for there to be an association igher levels of university performance.

A possible reason that engineering showed suclmgtresults is that engineering, even when
using the broad definition of university degreeswas have in our study, is quite a narrow
discipline. Whereas physical and natural scienceompasses studies in botany, zoology,
chemistry, physics and genetics, for example, emging is quite narrowly defined. It is
possible that the closer the link between specifiorse requirements, and the particular skills
and knowledge gained in studying a subject at dchtbe more likely we are to find an
association between that school subject and peafocen in those university studies. We
consider this question in more detail in sectidn 4.

The requirement for specific skills or knowledgeymalso be evident in some of the other
tertiary fields of study: chemistry, biology andygkcs for the physical and natural sciences;
English in society and culture; statistics, ecoraamand accounting for management and
commerce. But the same caveat will apply. Simpkmig the subject ought not to provide an
advantage to a student—but doing that sulgadtdoing it well, may do.

4.2 Controlling for achievement in a single school subject

The results presented in the previous section dereil university performance as observed in
the study cohort, measured as the proportion diestis passing most —more than 75 per cent—

14 Results not shown.
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of their courses in a broad field of study. An @altgive method is to model the data using
logistic regression. In this approach, thelihood of a student passing most of their university
courses in the broad field of study can be consitl@then controlling for other variables.

A problem that needs to be overcome in analysifgpacachievement is that there is no
achievement information available in a subjectsiudents who did not take that subject. While
this is largely self-evident, it presents problenms an analysis controlling for school
achievement. Including achievement in that subjeeains we have to exclude the students who
did not take the subject. But if we do this, wergd have a control group of students who did
not take the subject. This problem has rarely lwegisidered in other studies.

The method we have adopted is to consider pairschbol subjects, where we control for
achievement in one subject, and then contrastdbilts between students who did or did not
take a second subject. For instance, we contradibool achievement in English and see if there
are differences in the university performance afsth who took English and mathematics
compared to the university performance of those telo& English without mathematics. In this
example mathematics is the control subject.

It is instructive to consider what the model resuttight look like if a particular subject were
providing some benefit to a student in their teytiatudies. Figure 8 shows this hypothetical
result.

Figure 8
Hypothetical result on the expected probability of passing most first-year bachelors courses where doing a subject provides a
benefit
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Our expectation is that if a particular subjecy@ng to provide students with an advantage in
their university performance, that performance dughbe more or less independent of school
achievement. At the very least, it might be expdcte ameliorate the effects of school

achievement, such that students with below-avesageol achievement would perform better
having taking the subject in question comparedhtisé who did not. As school achievement
increases, we would expect there might be a ddogebgnefit, since there is an upper limit to

university performance.

Controlling for English achievement, with and without mathematics with calculus

We chose English and mathematics since these averally considered to be important
subjects, and they represent subjects in the twio gr@ups that students take. There are also
sufficient numbers of students in these subjectaddel reliably.
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Only three tertiary fields of study are considenedhis series of analyses: management and
commerce, physical and natural sciences, and goeetl culture. These are the largest
disciplines in terms of student enrolments. Alltlé other disciplines have too few students to
model with any degree of robustness.

Figure 9 shows the results. What is immediatelyasgmt is that the results do not resemble
figure 8, our hypothetical expectation. Taking nemtiatics is generally not associated with
better university performance for students who &dsd English.

Figure 9
Expected probability (and 90 per cent confidence limits) of passing most first-year courses by selected fields of study, by school
achievement in English, with or without also taking mathematics with calculus
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What we find instead is that taking mathematicshwialculus is associated with small but
significantly higher university performance in mgaaent and commerce studies, at least in the
middle range of school achievement scores. Thisonsirthe result seen in figure 7. But we
would have expected a similar result for the otiagr fields of study, given the results seen for
mathematics in figures 5 and 6. What we find indtés that when controlling for achievement
in English, taking mathematics does not make astitally significant difference to students’
university performance in science, or society antlice degrees.

The more important finding is that the largest ioy@ment in university performance is
achieved by doing better in English, regardlessefuniversity field of study. The improvement
seen for students who took mathematics, whereei$ goovide some advantage, is only marginal
in comparison.

In other words, for students who are enrolled imaggement and commerce degrees, who have
the same level of achievement in level 3 Englistere is sometimes a small difference in
university performance for students who also toekel 3 mathematics. Mostly there is no
difference in performance between students who atiddid not take mathematics when
controlling for achievement in English. The largdgterences in university performance are
between students differentlevels of achievement in level 3 English.

With this technique, we are still not controllingr fachievement in mathematics. Differences in
university performance may still be due to diffares in average achievement of students who
took mathematics at school. And we are only comsidestudents who took English at school.

Table 2 shows that English students were geneledly likely to also take mathematics and

other science subjects. Students who took Enghsld, also took mathematics, may not be

‘typical’ students, so the effect of mathematicsyrba different for these students, than say, a
student who took chemistry and mathematics. Thessiderations need to be kept in mind

when looking at these results. In this study, weeheonsidered a number of combinations of
school subjects, using a variety of analyses, sodberall, we can be confident of our findings.
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Controlling for mathematics with calculus achievement, with and without English
Figure 10 shows the results when we consider Bnglssthe categorical variable, and school
achievement in mathematics with calculus as thérmoous variable.

Taking English is associated with a significant roy@ment in university performance in all

three fields of study, at least in the middle raomfieschool achievement in mathematics. But
again, while the improvement seen with taking Esigls statistically significant, it is marginal

when compared to the improvement in performancen sgigh increasing achievement in

mathematics.

Figure 10
Expected probability (and 90 per cent confidence limits) of passing most first-year courses by selected fields of study, by school
achievement in mathematics with calculus, with or without also taking English
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Controlling for English achievement, with and without chemistry

We now consider chemistry and English. We wereousrito see if chemistry would produce an
effect where mathematics did not. Chemistry appéarbe important in a range of tertiary
studies (figures 5, 6 and 7), and students who tt@mistry showed the largest difference in
level 2 achievement against those who did not ¢hlemistry (table 1).

Figure 11 shows students who took level 3 Engbsit, compares the university performance of
students who also took chemistry to those who did n

Figure 11
Expected probability (and 90 per cent confidence limits) of passing most first-year courses by selected fields of study, by school
achievement in chemistry, with or without also taking English
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The results are similar to those seen previousikiilg chemistry is associated with higher
university performance for science studies, but faotmanagement and commerce, nor for
society and culture. The results seen in figurem@ 7 suggested otherwise. And again, the
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largest improvement in university performance isoagted with increasing achievement in
English.

Controlling for chemistry achievement, with and without English
This section considers how university performanadges with achievement in chemistry, for
students who did or did not also take English.

Figure 12 shows the results. We see that if a studdées chemistry, also taking English is not
associated with any significant improvement in ensity performance.

We might have expected a difference in societyaniire, given the result in figure 6.

This result reinforces our previous conclusionsgeoschool achievement is controlled for,

differences in results between students who takiarot take a subject largely disappear. When
there are differences, these are marginal when awedpto the improvements obtained by
increases in levels of school achievement in arsksabject.

Figure 12
Expected probability (and 90 per cent confidence limits) of passing most first-year courses by selected fields of study, by school
achievement in chemistry, with or without also taking English
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Controlling for achievement in the visual arts, with and without mathematics

In the introduction we indicated that our studyitsited to school subjects taken by students
who studied at bachelors-level at university. Timsans we cannot apply our conclusions too
widely, particularly to the non-academic and vamadil subjects that are taught in schools,
which are not part of the list of ‘approved subgeddr entry to universities.

Visual arts subjects is one group of subjectsdhaton the ‘approved subject’ list which may be
regarded as requiring skills that are somewhaeuwfft to those in other subjects. In our study,
we grouped together students who gained standarpbdtography, painting, design, sculpture
and print making.

Figure 13 shows the effect of taking mathematicaair on students who also took visual arts
subjects. Confidence limits are wider than in poesi results because of the small number of
students who do visual arts with or without matheesaand calculus.
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Figure 13
Expected probability (and 90 per cent confidence limits) of passing most first-year courses by selected fields of study, by school
achievement in visual arts subjects, with or without also taking mathematics with calculus
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It can be seen there is no significant differemcaniversity performance between students who
did or did not take mathematics in any of the &eytifields of study. We see the now familiar
relationship with increasing school achievement amiversity performance, although the
highest level of university performance is loweréhéhan we have seen for other subjects. In
spite of this, the results clearly show that inshe@ achievement in the visual arts is associated
with increasing levels of university performances,fields of study that we would presume
would not benefit from having studied visual aggsd this occurs for students even if they did
not also take mathematics. This occurs in spith@fesults observed for mathematics in figures
5-7, and table 1.

Controlling for achievement in mathematics, with and without visual arts
Figure 14 shows the results when we consider aehient in mathematics with calculus, for
students who also did or did not take a visual sutsgect.

Figure 14
Expected probability (and 90 per cent confidence limits) of passing most first-year courses by selected fields of study, by school
achievement in mathematics with calculus, with or without also taking visual arts subjects

Management and commerce Natural and physical sciences Society and culture

o o o o &
> N ®» © o
o o I
> X o

o
@
o4
o

o
IS
o
=

o
w
o
w

Likelihood of passing most courses
Likelihood of passing most courses
Likelihood of passing most courses

o
~

01 —=— Did take visual arts 01 01

---a--- Did not take visual arts

o
5}

Here, we see that there is no difference in unityenserformance in science. There is a
suggestion that there may be a difference in manageand commerce, and there is a clear
difference, at least in the middle to higher levelsmathematics achievement, in society and
culture. In contrast to the previous sections’ ltesit is the students who ditbt take a visual
arts subject who have the higher university pertorce, but this is to be expected, given that
visual arts students have, on average, lower lefetshool achievement (table 1). What we do
find surprising is that there is no difference diesce (compare with figure 5), and that there is
only a marginal difference for management and cornenécompare with figure 7). Again, we
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are led to the conclusion that, when controlling &@hievement in a subject, differences in
university performance between taking another slje not largely disappear. Moreover, it
makes almost no difference which two subjects we tmconsider.

Summary

In this section we looked at the relationship bemveairs of level 3 subjects on university
performance, considering one subject as a categaaciable (did or did not take the subject),
and achievement in the other subject, treated@mtinuous variable. The results show us that
in some cases, taking a subject is associated avitatistically significant difference in the
likelihood of passing most first-year courses aiversity. We saw this for students who took
English, where also taking mathematics is assatiatg¢h a difference in management and
commerce degrees, but not for science, or society @lture degrees. We also saw that
chemistry is associated with a difference in saetegrees for students who also took English,
but not for management and commerce, or societycaitdre degrees. English is associated
with a difference for students who also took mathtes in all three degree categories we
considered, but in none of the degree categoriesttalents who also took chemistry. These
rather inconsistent results provide no clear pectafr a subject being associated with higher
likelihoods of passing most first-year courses. W&aonsistent is that the likelihood of passing
most first-year bachelors courses at universitgssociated with increasing achievement in a
subject, and from the results presented, and otherseviewed but did not present, it appears
this applies to any subject in the ‘approved list'.

4.3 Controlling for achievement in two school subjects

If increasing levels of school achievement in gettb—rather than simply taking that subject—
is associated with university performance, thenréet step is to consider what happens when
we control for school achievement in two subjects.

Mathematics with calculus, and English

This section considers students who did both madiiemmwith calculusnd English. Figure 15
shows the results, averaged over all universitggief study. The vertical axis is the same as in
the previous sets of graphs, and shows the expemtaohbility of passing most first-year
bachelors courses. The two horizontal axes represdool achievement in mathematics with
calculus (on the lefty and English (on the righBinging from 10 to 108. The vector

ﬁarepresents the relationship between the probahififyassing most courses with increasing
levels of achievement in English, when the leveinaithematics achievement is 10. The vectors

parallel to AB (visualised in the three dimensional space) ugnibincluding vectolCD show
this relationship for each step increase in mathiesiachievement.

The vectoiAC, on the other hand, represents the relationsttipdas the probability of passing
most courses with increasing school achievememhathematics, when the level of English

achievement is 10. Again, the vectors parallehis, tup to and includinBD, show the results
for each step increase in English achievement. clinglinear surfaceABDC, formed by these
intersecting vectorgepresents the probability of passing most couvgds varying levels of
achievement in both subjects.

15 Due to limitations in the graphing software, inist possible to represent the origin as 0,0. Timisation does not affect the results or the
interpretations of the graphs.
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Figure 15

Expected probability of passing most first-year bachelors courses against school achievement in mathematics with calculus,
and English
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For students in their first year of bachelors study at university. All students achieved NCEA level 3 and met the university entrance
requirement. Excludes extramural students.

The line ef in figure 15 (and those lines running parallel toiri the three-dimensional
representation) represents lines of equal prolgbitiuch like a contour line on a map; in the
particular case off, it is the isoline of 0.6 probabilitif. These isolines assist in interpreting the
diagram. For example, one can see from the fidwatthe probability of passing most courses at
the lowest level of achievement in bathbjects, at poir, is just below 0.4.

Lastly, the vectorAD represents the probability of passing most firgtryleachelors courses for
the average achievement across both mathematic&rglish, and matches the result seen in
figure 1, in two dimensions, where the resultssareraged over all school subjects.

What do the results tell us? Firstly, because #selts are almost symmetrical, we can say that
university performance increases equally with iaeneg achievement in English or
mathematics.

The results also show that doing well in one subjéfsets lower achievement in another, but
that doing well in both subjects is associated wlih highest level of university performance.
We conclude that simply taking English or matheosats not what leads to better university
performance (from figures 9 and 10), but that doimgjl in one or the other subject, and
preferably both, is quite strongly linked to unisi¢éy performance.

It could be argued that the symmetry we see isakelt of modelling the results over all tertiary
fields of study, with differences between the fiellveraging out. We consider fields of study
separately in the next section.

We should point out that this symmetry is not seéh all pairs of subjects, as might have been
expected given the results in figures 9 and 14.

6 The value of the isoline is most easily determibgatounting down form the topmost isoline, whisl0i9.
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Chemistry and English

This section considers the results when controfiimgachievement in chemistry and English, for
students studying society and culture (figure 1®) im the physical and natural sciences (figure
17). Again, we consider students who have takeh blo¢mistry and English at school.

The results in figure 16 are also quite symmetricgith students with high chemistry
achievement and low English achievement perfornsinghtly better (above 0.9 probability)
than the complementary situation (below 0.9 prdiighiln general, about half of the response
surface is above a probability of G%indicating a variety of combinations of chemistyd
English achievement can lead to high levels of ensity performance in studies in society and
culture.

This symmetry is not unexpected, given the resnltgyures 11 and 12. There, when we control
for achievement in one subject (English or chemy)stiaking the other subject or not, in any
combination, does not affect university performaimcgtudies in society and culture.

The result when controlling for achievement in chetg and English for students studying
physical and natural sciences at university is shawfigure 17. The lack of symmetry is
immediately obvious, and is expected given thelt@seen in figures 11 and 12.

Figure 16

Expected probability of passing most first-year bachelors courses against school achievement in chemistry and English, for
students studying society and culture degrees at university
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For students in their first year of bachelors study at university. All students achieved NCEA level 3 and met the university entrance
requirement. Excludes extramural students.

Figure 17 shows that at low levels of achievemanbadth subjects, the likelihood of passing
most science courses is just below 0.2. With irgingalevels of achievement in chemistry, at
the lowest level of English achievement, the chang®obability rises to 0.9. Yet for the lowest

level of chemistry achievement, increasing Engéshievement raises the probability to nearly
0.6.

" The 0.9 probability isoline runs almost from cart@corner of the response surface.
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Figure 17
Expected probability of passing most first-year bachelors courses against school achievement in chemistry and English, for
students studying physical and natural science degrees at university
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For students in their first year of bachelors study at university. All students achieved NCEA level 3 and met the university entrance
requirement. Excludes extramural students.

Another way of looking at the results is to consitie relative achievement levels in chemistry
and English for a student to have at least a Gana of passing most of their courses. A student
with English achievement of 30 needs a chemisthyexement of 50 to have this chance of
passing most first-year courses, whereas a studigntEnglish achievement of 60 needs to
achieve a score of 30 in chemistry. In other wordsing well in English offsets poor
achievement in chemistry in a science dedftee.

While it is also clear that increasing achievementhemistry is associated with a greater
improvement in the likelihood of passing sciencarses, a higher likelihood occurs with higher
levels of English achievement. In other words, iowimg achievement in chemistry above a
score of 50 (about average) makes little differetacthe likelihood of passing science courses
once English achievement is also above average. @&ndhe higher levels of English
achievement (70 or higher), even students withvib@weerage chemistry achievement (those
with scores 30-50) have likelihoods of passingramecourses mostly above 0.8.

4.4 Controlling for achievement across school subjects in common

The previous analyses considered the effect oneusity performance of single or pairs of
school subjects. While this is a valid approacprablem with this method is that a student will
have taken a range of other subjects at scho@gddition to the one or two being analysed.
These other subjects will have provided the studetht skills and knowledge, some of which
may have been important in determining their penforce at university. It is difficult to control
for the effects of those other subjetts.

An alternative method of analysis involves lookaighe results of students who did and did not
do a subject, and to consider their school achiemenin just the subjects they have in

18 Of course, it may be that these English studemtsaking other science subjects at school, beees in table 2, this is not as likely as the Egli
students taking other languages and humanitiegsisbj

9 The models could have included more subjectstHisivould have reduced sample sizes consideralnige each student needs to have done all of
the subjects in the model. And limiting the modaethose subjects where there are sufficient stsdgmesn’t solve the problem.
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commorf® For example, university performance can be contpéoe students who did not do
mathematics with students who did do mathematiastrolling for school achievement across
these students’ subjeascept mathematicH taking mathematics at school makes a diffeeenc
to university achievement, there ought to be daifiees in university performance between these
two groups.

Using this method, we considered the level 3 sibjeathematics, chemistry, accounting and
English, and performance at university in managdraad commerce, science, and society and
culture degrees. We modelled university performasxcthe likelihood of passing most first-year
bachelors courses, against overall level 3 schololesement in the common subjects, with a
separate model for each of the four school subj&¥es also controlled for whether a student
took the subject in question or not, and the usierfield of study. We included all possible
interactions of these three variables in the modet§usted R values in the four models were
over 0.25, and the models predicted the correctonut for students in about 78 per cent of the
cases. The models were therefore robust and relidlike our previous analyses, we also
excluded students for subjects if the student ghliess than 14 credits in that subject.

The results again show that for each school sub@tsidered, overall school achievement was
the strongest predictor of university performan&ut in nearly every case, university
performance was the same whether a student tookutbiect in question or not. In just four
cases was there a difference. The strongest effast for accounting, for students taking
management and commerce studies (figure 18).

Figure 18
Expected probability (and 90 per cent confidence limits) of passing most first-year bachelors courses by selected fields of study,
by school achievement, for students who took level 3 accounting or not
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Very small, but still statistically significant effts were seen for English in society and culture,
and science degrees (figure 19), but only for aowarange of school achievement. There was
also a small difference for students who had takemmistry at NCEA level 3 and progressed to
a science degree at university, again for justreomarange of school achievement (figure 20).
The difference in likelihoods between the two greop students was generally extremely small,
much smaller than the differences seen in figuresl.

There were no statistically significant differendasuniversity performance between students
who did or did not take mathematics in any of thee¢ fields of university study considered
(figure 21).

2 This approach was suggested by Dr. Michael JohrsfttiZQA.
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Figure 19
Expected probability (and 90 per cent confidence limits) of passing most first-year bachelors courses by selected fields of study,
by school achievement, for students who took level 3 English or not
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Figure 20
Expected probability (and 90 per cent confidence limits) of passing most first-year bachelors courses by selected fields of study,
by school achievement, for students who took level 3 chemistry or not
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Figure 21
Expected probability (and 90 per cent confidence limits) of passing most first-year bachelors courses by selected fields of study,
by school achievement, for students who took level 3 mathematics with calculus or not
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It is interesting to note that when we modelled ¢ffect of taking mathematics at school and
school achievement on university performamgthout controlling for the interaction between
mathematics and school achievement, mathematicsswagicantly associated with higher
university performance. But when we included theeriaction between taking mathematics and
school achievement, university performance wasdadionbe independent of whether a student
took mathematics or not at school. We conclude thking mathematics is associated with
higher university performance only because mathesmatudents have higher average school
achievement.
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As a whole, these results confirm our earlier fingdi. The subject a student takes at school has
little bearing on their university performance whae control for school achievement. The
strongest association is always between univepsitformance and school achievement. Where
higher university performande associated with a particular subject, it is oftersubjects that
have some relation to the area of university stddys is seen with NCEA accounting, and
management and commerce degrees at universityfoanthemistry and science degrees. But
even where a subject is associated with higheddeseuniversity performance, low levels of
school achievement in that subject are associaitbdaw levels of university performance.

4.5 Controlling for achievement in one school subject in narrow
fields of university study

It is usually the case that first-year universitydents enrol in a broad range of courses, with
specialisation occurring in the second year. Fang)e, first-year science degree students may
opt to take a subject offered by one of the noerem faculties, while business degree students
may be encouraged or required to take statistidscamputing, in addition to economics and
management. Measuring university performance iadfalds of study, as we have done so far,
is therefore appropriate for first-year studentswidver, some of these broad fields of study
cover a range of different disciplines. For examphe broad field of study of society and
culture contains degrees in arts, social scierlaes,and language and literature studies, while
management and commerce includes accounting, mareagend finance, but not economics. It
may be the case that, on average, a school subgxtno association with university
performance in a broad field, because a positig®@ation in one of the component degrees
may be balanced by no association in another. Tdrerenve also analyse performaratecourse
levelat a more narrow level of definition of the fiatistudy.

We considered courses in the fields of mathemasici@nces, chemical sciences, accountancy,
economics, law, and language and literature. We thedelled the likelihood of passing most
courses (more than 75 per ceim)these courses in a specific field of studgainst whether a
student took a particular school subject or nod, e level of school achievement over all level
3 subjectg! In effect, this shift explores the question: ie #mowledge and skills acquired in a
particular school subject a prerequisite for sustes university course? Students with less than
0.25 EFTS in a particular field of study are exeldgwhich corresponds to less than two papers
in a year of study. The school subjects consideree mathematics with calculus, chemistry,
accounting and English. Each school subject was ettentl separately, and all two-way
interaction effects were included in the modelsctEmodel had an adjusted & about 0.30,
and a C statistic of about 0.80, with a total samgike of 15,267 students. Table 4 in the
appendix shows the relative sample sizes for tifierdnt school subject/university degree
groups for each model used in this section.

Accounting

For students who took accounting at school (fi22f those who went on to study accounting
at university show significantly higher levels ofiversity performance when compared to
students who did not take accounting with the skewel of school achievement. This was the
strongest association seen for any school subjee#sity course combination.

There is a weak association between taking acamyrdaind performance in economics at
university, even though there is a relatively stydikelihood that students who took accounting
at school also took economics (table 2). Therdss a weak association with performance in
mathematical science courses. In these two latits the higher performance occurs only for
a narrow range of school achievement.

2L \We have used school achievement measured overell3 subjects, rather than ‘subjects in commas’ye did in section 4.4, because the more
complicated analysis produced essentially the sasdts as the simpler one.
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Figure 22
Expected probability (and 90 per cent confidence limits) of passing most first-year bachelors courses by selected fields of study,
by school achievement, for students who took level 3 accounting or not
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There is no significant difference in performanneany of the other three fields of study, for
students who did or did not take accounting at shat any level of school achievement.
However, there are substantial differences in perémce between students with different levels
of school achievement. Higher university perfornaiwseen for students with higher levels of
school achievement, regardless of whether they smbiool accounting or not. And for most
students, this even occurs for those in accountdnayther words, a student with higher NCEA
achievement whalid not do accounting at school is likely to do better rc@ntancy at
university than a lower ability student whtid do accounting at school. Simply taking
accounting at school is not necessarily associatéd higher levels of performance in
accountancy studies at university—a student mkst &aacountingand achieve well across their
NCEA subjects. This finding can also be made faheaf the school subjects considered in the
following pages.
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Mathematics with calculus
Figure 23 shows the results for students who toakhamatics with calculus at school, for the
same 6 fields of study at university.

Figure 23
Expected probability (and 90 per cent confidence limits) of passing most first-year bachelors courses by selected fields of study,

by school achievement, for students who took level 3 mathematics with calculus or not

© o o o o
= o o 3 ®»

°
@

Likelihood of passing most courses

°© © o o o
©w & @ o o~

Likelihood of passing most courses

o
©

Mathematical sciences

Chemical sciences

—=— Did take mathematics

---8--- Did not take mathematics

Likelihood of passing most courses

—=a— Did take mathematics

---8--- Did not take mathematics|

10 20 30 40 50 60 70 80
NCEA level 3 achievement score

90 100

Accountancy

10 20 30 40 50 60 70 80
NCEA level 3 achievement score

90 100

Economics

—=a— Did take mathematics

---@--- Did not take mathematics

Likelihood of passing most courses

—=— Did take mathematics

---a--- Did not take mathematics|

10 20 30 40 50 60 70 80
NCEA level 3 achievement score

90 100

Law

10 20 30 40 50 60 70 80
NCEA level 3 achievement score

90 100

Language and literature

°
3

o
>

o
o

°
=

°
@

Likelihood of passing most courses
Likelihood of passing most courses

—=— Did take mathematics —=a— Did take mathematics

---8--- Did not take mathematics| 0.1 ---& -- Did not take mathematics

0 10 20 30 40 50 60 70 80
NCEA level 3 achievement score

90 100 0 10 20 30 40 50 60 70 80
NCEA level 3 achievement score

90 100

The data shows there is a moderate associatiorebatperformance in mathematics at school
and performance in mathematical science studiemigersity, and a weaker association with
performance in economics. Interestingly, there 1 association with performance in
accountancy despite the fact that having taken wattw has a small association with
performance in mathematical sciences at university.

We also checked the results of taking mathematisstaool on accountancy at university when
not controlling for school achievement. Students whoktonathematics at school showed a
probability of passing most first year accountanoyrses of 0.78+0.02 (probability and 90 per
cent confidence limit), compared to 0.71+0.02 ftudents who did not take mathematics. The
conclusion would have been that mathematics idipelsi associated with better performance in
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accountancy. Yet when controlling for school achieent, there is no difference in performance
between these two groups of students.

Chemistry
Figure 24 shows the results for level 3 chemistry.

Figure 24
Expected probability (and 90 per cent confidence limits) of passing most first-year bachelors courses by selected fields of study,
by school achievement, for students who took level 3 chemistry or not
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It is immediately apparent that few students gdmstudy chemical sciences at university who
have not taken chemistry at school, as shown bywide confidence limits in the graph for
chemical sciences in figure 24.

We see that, when controlling for school achievetmking chemistry at school is associated
with higher performance in chemical science studiésuniversity, and also with higher

performance in mathematical science studies. Ih lpases, the association only occurs in a
limited range of school achievement, although #re would include the majority of students.
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There is also a weak association with performandariguage and literature degrees, but again
for a narrow range of school achievement.

English

The results for students who took level 3 Englishat are shown in figure 25.

Figure 25

Expected probability (and 90 per cent confidence limits) of passing most first-year bachelors courses by selected fields of study,
by school achievement, for students who took level 3 English or not
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There are no strong associations between the pwafare at university and taking English at
school, but a weak association can be observepeidormance in law studies. Interestingly, no
association is seen in language and literatureiegudA weak association was seen for
communication and media studies (but that resulbtsshown).

Summary

In this section we have shown that when considegpecific subjects taken at school and
narrow fields of study at university, particulaMshere the school subject and degree study are
common subject areas, an association is found ketwetter performance at university and the
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taking of those subjects. Associations were foumdaccounting at school and accountancy
studies at university, mathematics and mathematitiahces, chemistry and chemical sciences,
and English and law studies. However, accountingcibol is also associated with higher
performance in mathematical sciences and economfik mathematics at school is associated
with better performance in economics, but not antiag. Studying chemistry at school is also
associated with better performance in mathematitiahces, and language and literature studies.

These results broadly mirror our earlier findinggen the university study was considered at a
broad level. Accounting at school was associatell higher performance in management and
commerce (figure 18), which includes accountanagiss; chemistry or mathematics at school
were associated with better performance in scielegeees (figures 20 and 21), which includes
mathematical and chemical sciences; and Englistscabol was associated with better

performance in society and culture (figure 19),akhincludes studies in law.

Most of the associations are weak. For students tivé same level of school achievement, there
is little difference in performance. In most cagbsre are no differences in performance across
the entire range of school achievement. Accountihgschool and accountancy studies at
university is the exception; large differences arfprmance occur between students who did or
did not do school accounting, and statisticallyngigant differences occur across the entire
range of school achievement. However, even for wauiog, and in every other case, students
with low school achievement have markedly lowerfgranance at university compared to
students with higher school achievement whetharobthey have taken the preparatory subject
at school. Where a school subjecassociated with higher levels of university perfance, the
level of improvement is much less than the incréagerformance seen for students with higher
school achievement, irrespective of whether orthey took the particular school subject that is
associated with the higher performance.

We analysed a wider range of university coursdtelds of study and school subjects than we
have reported in this section. An interesting reffol which we do not provide the data here),
was that for students who took accounting at s¢hawl studied creative arts at university, there
was anegativeassociation between taking the subject at schablaiversity performance. This
contrasted with the strorgpsitiveassociation found for students who took accourgingchool
and enrolled in accountancy studies. On the othedhfor students who took visual arts at
school, the associations were reversed at uniyefsitr these students, the positive association
was for performance in creative arts at universityd the negative association was found for
performance in accountancy studies. These resudgest that preferences for a way of thinking
and working— accuracy versus creativity, numeraessus artistry—may be important in both
the choice of school subject and degree study, iandlearly associated with student
performance, although we are not suggesting these nautually exclusive dichotomous
preferences. Other studies have also found thaersity performance can be associated with
personal preferences (Felder, Felder and Dietz)2002

4.6 Controlling for achievement in two school subjects for
accountancy students

This last section explores in a little more deth# association between taking accounting at
school, and performance in accountancy coursesiaensity. We were interested to see what
impact a second school subject had on the reldtiprsetween accounting and accountancy,
given it was the strongest association found betvaeschool subject and a course of study at
university. As noted previously in this report, wheontrolling for one school subject, it may be

that another school subject taken by a student dsenstrongly associated with better

performance at university. Checking how two sulgdogether are associated with university
performance will enable us to see if there argaatBons between them.
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We modelled, using logistic regression, the liketitl of passing most first-year accountancy
courses, controlling for school achievement, anvestigating the effect of whether a student had
taken accounting or not, and taken another schdmést, or not. We used backward selecfion
to limit the models to just those variables anerattions which were significant in a model.
The other school subjects considered were: ecorsnptysics, biology, statistics and
modelling, mathematics with calculus, English am@roistry. A separate model was run for
each of these school subjects. We tested the atiaelbetween accounting and every other
subject considered and found that the correlatiogi® not strong enough to cause problems in
the models.

In the results below, unless otherwise stated, @dchchievement was set to the average school
achievement score for accountancy students.

 Economics and physics had no association with pmdoce in accountancy when
accounting was also taken at school, when comgpflr school achievement. A student with
average school achievement had a likelihood ofipgsrost first-year accountancy courses
of 0.57+0.04 (estimate and 90 per cent confideimo#)lif they did not take accounting at
school, versus a likelihood of 0.85+0.02 if thed.dThese likelihoods can be seen in figure
22.

» Taking biology at school was positively associatéth better performance in accountancy
courses, independent of the effect of taking actograt school, when controlling for school
achievement. That is, there was no interaction éetwthese two school subjects. Students
with average school achievement who took biologynsdd better performance in university
accountancy, regardless of whether they took aditwuat school or not. However, students
who took accounting at school showed higher absdéxels of performance. The likelihood
of passing most first-year accountancy coursestiatents who didot take biology and did
not take accounting was 0.53+0.05, and 0.84+0.0ZHose that did take accounting. For
students whalid take biology, the likelihoods were 0.66+0.06 ar@D&0.03 respectively.

» Statistics and mathematics showed significant aatgsns with accounting at school, again
after controlling for school achievement. Takingc@mting at school was positively
associated with better performance in accountaheyiaersity, with or without also taking
mathematics or statistics at school. On the othadhtaking mathematics was not associated
with better performance, regardless of whetheundestt did or didn’t also take accounting at
school. Taking statistics was associated with bggeformance in accountancy at university
only when accounting was not also taken at scfi@ille 3 shows the expected likelihoods of
passing most first-year accountancy courses faetsehool subjects.

Table 3

Expected likelihood (and 90 per cent confidence limits) of passing most first-year accountancy courses at university, for
students with average school achievement, and whether a student took accounting, and mathematics with calculus, or
statistics and modelling, at school

. Took mathematics at school Took statistics at school
Took accounting at
school No Yes No Yes
No 0.54+0.06 0.62+0.07 0.44+0.09 0.61+0.05
Yes 0.86+0.02 0.83+0.03 0.88+0.04 0.85+0.02

22 Backward selection involves starting with a modtlch includes all variables and their interacticasd then iteratively removing those variables
and interactions that are the least significane Bvel of significance was set at 0.05. The nunatbstudents, and the number of starting paraméters
the models, indicated that backward selection wespgpropriate method for model selection.
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* When controlling for school achievement, taking Estgat school is associated with better
performance in accountancy at university when sttedalso took accounting, but not when
students did not take accounting. That is, takingli§h and accounting showed a stronger
association with university performance in acconoyastudies than for students who took
accounting at school without English. For studevite did not take accounting at school, the
likelihood of passing most first-year accountanoyrses was 0.57+0.06 for students who
also took English, and 0.58+0.07 for those that dat. The likelihoods increased to
0.82+0.03 for students who just took accountindhait English at school, and 0.88+0.02 if
they took accounting and English.

» Taking chemistry at school was also positively asdged with better performance in
accountancy at university, independent of takingoanting at school, but unlike the other
school subjects described above, the effect vamigld school achievement. The expected
likelihoods from the model for chemistry and acammare presented in table 4.

o For students with average school achievement (wiicthese accountancy students
was 54.6), taking either accounting or chemistrgchitool was associated with better
performance in university accountancy studies, pedeent of whether the student
also took chemistry or accounting at school, altffiotaking accounting alone was
associated with better performance than taking cteyralone.

o For below-average school achievement (set at ldatdndeviation below the
average, or at a score of 41.2), taking accourgingchool was associated with
improved performance when chemistry v taken, and chemistry was associated
with better performance when accounting wast taken. Chemistry was not
associated with improved performance when accogntims also taken, but
accounting was associated with slightly better greniince if chemistry was also
taken.

o For above-average school achievement (set at Idatndeviation above the
average, or at a score of 68.0), taking accourdingchool was associated with
better performance regardless of whether chemistrg also taken or not, but
chemistry was associated with better performandgibaccounting was also taken
at school. Without accounting, taking chemistry wast associated with any
improvement.

Table 4
Expected likelihood (and 90 per cent confidence limits) of passing most first-year accountancy courses at university, by school
achievement, and whether a student took accounting or chemistry at school

Took Took chemistry at school
School accounting at
achievement school No Yes
No 0.26+0.05 0.49+0.09
Below average
Yes 0.64+0.04 0.69+0.09
No 0.50+0.06 0.67+0.07
Average
Yes 0.84+0.02 0.91+0.07
No 0.73+0.09 0.81+0.09
Above average
Yes 0.94+0.02 0.98+0.02
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Summary

Accounting at school continued to show a strongaation with performance in accountancy
studies at university, but other school subjectsoualy modified the relationship. However, no
consistent picture emerges. Some subjects do fettahe relationship, whereas others are
related by second-order interactions (where thelrepends on both school subjects), while
others are related by third-order interactions (whbe result depends on both school subjects
and also on the level of school achievement). &cttice, trying to predict what suite of school
subject might be useful prerequisites for furthteidg at university will be problematic. This is
underscored by the results in this section: takiotpgy is associated with better performance in
accountancy, while taking economics or mathematicschool is not. In our analysis we have
only controlled for two subjects, yet it is likellyat including a third or fourth school subjectlwil
result in even greater diversity of relationsHips.

In spite of the diversity in the relationships, tiesults show that taking accounting at school is
strongly associated with better performance in aotancy at university, regardless of what
other subjects are taken. It is interesting to siage on why this relationship is so strong, given
that the association seen with other subjects amdersity courses, when there was an
association, was far weaker.

If the topics covered in the school and universttydies overlap to a large extent, then we might
presume that students who took the school subged, continued on with that subject at
university, would have an advantage over studerte did not take the subject at school.
Similarly, if there was little or no overlap betwethe school curriculum in a subject and the
topics covered at university for that subject, thhenmight presume that having taken the subject
at school might offer less advantage to those stsderhe determining factor affecting
performance would be the propensity for a studentearn new material, which would be
indicated by their ability to have done this prexty—in other words, their level of school
achievement. Of course particular skills or knowedearned at school that are not taught at
university, would also give a student an advantage.

While we cannot test this hypothesis, it may be tha reason we find accounting at school is
more strongly associated with performance in usiyeraccountancy courses is that there is a
large degree of overlap between the school andetsity course material. The smaller levels of
association found between other school subjectsuangrsity courses might be due to some
overlap in course material, but not enough to givelents who had previously seen this material
at school an advantage. Either way, students wiidodemonstrated an ability to learn new
material, as indicated by their school achievenseote, would perform better than those who
had not.

This is supported by our results. The most consistsult of the analyses in this section was the
strong association between school achievement arfidrpnance in accountancy at university. In
each case, whatever variables or interactions wedirinated from the models using the
backward selection process, school achievementimechin the models, and consistently it was
this variable which had the highest associatiorhilite likelihood of passing most first-year
accountancy courses, regardless of what othercslyere taken at school.

2 Our explorations showed that this was likely, &twident numbers in the extra categories becomentad to model reliably.
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5 DISCUSSION

In general, the choice of subjects at level 3 ofBXds not strongly associated with university
performance; instead, university performance isenmosely associated with how well a student
achieves at school, more or less independentlyhatt wubjects are studied at school. In addition,
this relationship appears to be more or less inudga@ of what is studied at university.

These results may appear to be at odds with tlignfis of most other research, where some
school subjects—in particular mathematics—have hdbenght to provide some benefit in a
range of degree studies. Our study suggests tiafitiding is likely to be due to selection
effects; that is, the students taking mathemastosl to have higher ability, and it is the higher
ability that is associated with the good perforngaatuniversity, not the taking of mathematics.

This is not to argue that specific skills or knogde gained in particular school subjects are not
important in degree study. Our results show thabaeting at school appears to be associated
with higher performance in management and commeexgrees, particularly in studies in
accountancy. The closer the link between the subjeea of the school subject and the
university study, the more likely there is an assban. We have demonstrated this for
mathematics and mathematical sciences, chemistrgla@mical sciences, and English and law.
In any discipline, if there are prerequisite skdlsknowledge required of a student, especially if
these are fundamental to the particular area alystthen students with those skills and
knowledge will be expected to perform better.

In contrast, we have also shown that taking cheynat school is also associated with better
performance in mathematical sciences, and langaadditerature studies, while accounting at
school is associated with better performance irhemagtical sciences, but not the reverse. And
the example of how accounting is positively asdedawith university performance in

accounting, but negatively with performance in tiveaarts studies, whereas creative arts
students at school show the opposite relationsliip acountancy and creative arts studies at
university, indicates that factors over and abaugext-matter content are likely to be involved.

In addition, the more detailed the examinationhd telationship between school subject and
university performance, for example, considering techool subjects and performance in a
narrow area of study (section 4.6), the more corple findings. No consistent pattern
emerges, even when one school subject is strongBocated with better university
performance. For example, when controlling for stfachievement, taking biology at school is
associated with better performance in accountanajies at university, but taking mathematics
or economics at school is not. These counter-imtuitesults suggest that more factors are
involved in the relationship between school sulsjentd university performance than we have
been able to include in our analysis.

Numerous studies have shown that prior academitewa®ment at school is the strongest
predictor of university performance, especiallytie first year of tertiary study. Even when
particular circumstances modify this relationshigudgents taking a gap year, or studying in
some particular fields of study at university—satthchool achievement becomes a less strong
predictor, it is still themain predictor, and this is true for the majority aigents (Engler 2010).
Whether a student took a particular subject ormakes only minor differences to university
performance once we also control for achievemerat s@cond subject, and it does not seem to
matter which two subjects we consider. And whenleok at achievement across a number of
subjects, the differences in university performaneeome even smaller. We conclude therefore,
that academic achievement at school, whether ihéasured as an average over all school
subjects, or for an individual subject, has th@mgjest association with first-year university
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performance. The association, if any, which arfsem simply taking a subject, is relatively
smaller.

It is worthwhile briefly considering the results ather work in this area, and contrasting their
results with those found in this study.

Rauchas et al (2006) find results similar to oaliseit with a proviso. They considered first-year
computer science students in South Africa, anddahat high school mathematics had a weak
positive correlation with performance in computarieace courses. At the researchers’
university, mathematics results are used as ttmeapyi criterion for admitting students into their
computer courses. However, they found that the epenpscience students had high drop-out
and failure rates, even for students who had takathematics. They cite Campbell and McCabe
(1984) who found that a single high school subjsechot useful for predicting success in
computer science, but that a better indicator otess is an overall average of the high school
results** However, Rauchas et al go on to show that Englisien taken as a first language, is a
better predictor, but make the point that theyesaithat it is not about English in particular, but
about language appreciation and its use in gertbgdljs the underlying factor.

In our study, we found no association in perforngait information technology studies and
taking mathematics with calculus at school, aftertolling for school achievemefi.

A second study also supports our findings. Pead84Pstudied the mathematical background of
students entering the first year of a BachelorsEdfication (primary) at the Queensland
University of Technology. He found that, while thetering students had different levels of high
school mathematics, there was no justificationdenying entry to the course based on their
lack, or otherwise, of year 12 mathematics. Pead $mall numbers of students in his study,
and he noted that his finding may only apply tarany teacher education. When we looked at
teacher education students in our cofbalso a small sample, we found that not havingrtake
biology, chemistry or physics resulted in signifidg lower university performance, but that

whether a student took mathematics or not madeatistecal difference.

Alcock et al (2008) considered the influence ofoselary mathematics on the performance of
students in introductory business courses in Alistrahey indicate that there is a ‘clearly-

established benefit’ of studying secondary schoobanting for tertiary accounting students, but
almost no advantage to performance in accountirt femance courses from having studied
mathematics, despite the fact that mathematicsften aequired as a pre-requisite for such
courses. This study did try to control for prioudgnt achievement, using an inter-tertiary
university entrance score, and their study onljuided students in the top 10 per cent of school
achievement. They found that high school mathematas a good predictor of success in

introductory business coursework and business Buwt.this study did not consider student

achievement in the high school subjects, and diccansider the case for students who did not
take mathematics.

Our study found no association between the perfoomdn accountancy degrees and taking
mathematics at school, after controlling for schactievement. There was a weak association
for performance in economics courses. Rather, & aecounting at school that was strongly
associated with performance in accountancy courses.

24 What Campbell and McCabe actually said was theigtence in a computer science, engineering,heraicience programme is related to students’
mathematics and English scores in high school; theirall high school rank, and their backgrountiigh school mathematics and science.

% Results not presented.

% Results not presented.
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Kok (2007) considered the influence of secondahost mathematics on the study of law in
South Africa. Kok finds that it is students with tmamatics and physical science at
matriculatiod’ that outperform students who do not take thesedcubjects. Kok finds that
while A and B standard students in languages oldperthe average law student, ‘even D and
E candidates in mathematics (HG) and science (H&Bfopn better than the average’. Kok
acknowledges that the mathematics and sciencesrdtudre probably an ‘elite’ group in terms
of academic ability or ‘intelligence’, but does mamntrol for this.

Our study found no association between performaméaw degrees and taking mathematics at
school, when controlling for school achievement.

Sadler and Tai (2007) analysed students enrollgdrirary courses in biology, chemistry and
physics in the United States, controlling for yeaifsinstruction in high school biology,
chemistry, physics and mathematics, amongst oétwors. They found that high school biology
helped in biology courses at university, chemistejped in chemistry, and physics helped in
physics, with no cross-disciplinary effect, buttthaathematics helped in each of the tertiary
fields of study, including biology. Sadler and Tdo control for student achievement, using
SAT/ACT exam score®, and the last high school grade in mathematics English.
Interestingly, their results show that studentstidey grades were significantly associated with
the students’ SAT/ACT exam score, in addition te yiears of instruction in the high school
subjects.

When we considered the same group of disciplineSadler and Tai, we found somewhat
different results. In our study, we found like-ldee associations for all disciplines except
school physics and physics and astronomy courselsihat taking mathematics at school was
only associated with higher performance in mathemasic&nce. We also found that chemistry
at school was associated with better performanaoesithematical science.

Most of our results are based on broad fields wdystassigned to degrees at university, such as
management and commerce, society and culture, laygigal and natural sciences. Most of the
previous literature on this topic has consideregiarsity performance in courses within degrees,
such as Introductory finance, Fundamental algoiitteoncepts, or Business law. There may be
a stronger association between the subjects takerhaol and the field of these courses than to
the range of courses taken by a student as parhifher degree. However, when we considered
specific fields of study, such as mathematical reme chemical science, or law, we found
essentially the same results as when we used Bieldd of study. It appears that only for
related topics—mathematics and mathematical scjectoemistry and chemical science, for
example—is a particular school subject associatiéll an increase in university performance,
but the increase in performance is more often timimmarginal.

There are three main implications arising from #iigly.

« Firstly, there are implications for universitiesidathe changes some of them are making to
student selection rules.

« Secondly, the results of this study have impligagidor the New Zealand Qualifications
Authority, which is currently reviewing the univéysentrance requirements. Part of that
review is to consider what form the common entrastaadard should take, and what it might
comprise. The results of this study and our previanalysis (Engler 2010) provide some
evidence to inform this process.

2" The subjects needed to be taken at the Highereq#@) standard, compared to the Standard Grade.

28 SAT is the Scholastic Aptitude (or Assessment},Testandardised test for college admission, a8 & American College Testing, a standardised
test for high school achievement and college adamss
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* Thirdly, school students, and by implication thesachers and parents, may find some
relevance in these results, particularly in redartheir motivation to do well at school.

Universities are facing high levels of demand fegme level study, but their enrolments are
constrained by the number of places funded by gwwent. In response, some universities are
altering their general admissions criteria. Whitsuyg students are still required to meet the
university entrance requirement, several univesitiave indicated they will now also give
preference to students with higher levels of schaxdiievement. While these changes will
generallyidentify students more likely to perform well ativersity, the findings of our earlier
study (Engler 2010) suggest the proposed chandkedisddvantage some identifiable groups of
below-average students at school who, countertinély, do well at university. That study
found that some lower-achieving school studentsnftow-decile schools may actually out-
perform higher-achieving school students from otbarools. The salient point is that school
achievement is generally a good predictor of usitgrmperformance, but not in all cases. The
present study also suggests that any requirememicfaevement in garticular school subject

is also not necessary, at least for students wke haet the university entrance requirement,
since good achievement in one subject can offsergpoachievement in another. At one
institution at least, level 3 chemistry is a preinisige for enrolment in chemical science courses
at stage one. Our results would suggest this igeessary. Students perform almost equally as
well in these degrees whether they took school dtemor not. The better indicator of
performance is how well a student achieved at d¢iroespective of what subjects they took.

The NZQA is reviewing the university entrance regmient. Our finding that the school
subjects a student has taken are only weakly agedcivith university performance, if at all,
may be important to that review. Our findings swgjge university entrance requirement based
on student achievement would be more appropriaté. lBasing university entrance solely on
school achievement is not going to select all stitglevho are likely to demonstrate high levels
of performance at university.

Lastly, the findings are relevant to school studetiheir caregivers and teachers. There is
evidence to suggest that when the NCEA was fitspduced in 2002, students did only enough
work to gain the amount of credits needed to aeh&particular qualification level (Meyer at al
2006). There was no advantage to them in workirrgérato gain credits since a credit earned
with an achieved grade counted equally toward tbesdit totals as did a credit earned with a
merit or excellence grade.

In 2007, the NCEA reporting system was changechttude endorsements on certificates of
school achievement. Previously, a certificate @flgwed that a student had gained a particular
NCEA level. With the change, the certificate aladicated whether the student achieved the
NCEA level with merit or excellence. This had th#eet of generally increasing student
motivation (Meyer et al 2009); only about 10 pentoef students surveyed indicated the change
did not matter to them.

The knowledge that university performance is mdosaly linked to the level of achievement

may motivate some students. This will be reinforbgdthe higher entry requirements being
imposed by the universities.
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Engler (2010) discussed the factors that influamdeersity performance, which included:

* motivation

» self-discipline

» confidence

» study habits

* time management skills

» family and peer support

» attending an institution of choice

» studying preferred courses or subjects.

Engler concluded that the NCEA level 3 achievenmsgdre, which is used to measure school
achievement in that study and this one, is a prfoxysome or all of the factors listed above. In
general, these factors are independent of whaiigtstudied” Motivated, self-disciplined students
with good study habits and time management skills perform well at school, and these same
attitudes and traits will stand them in good steaduniversity. Certainly, there needs to be an
adjustment to university life and its study regirbat ultimately, successful students are those who
learn new material, and then demonstrate theirenastf that material in tests or examinations of
one form or another. It is therefore not surpridingt the students who do well at school do well at
university, nor is it surprising, that this is essally independent of the subjects taken at school

2 The exception is the last factor, studying prefercourses or subjects. Clearly, having an inténetsie subject matter helps motivation. But it \ebu
be wrong to conclude that, say, only mathematiedesits prefer to study mathematics.
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6 DATA AND DEFINITIONS

We used two sources of data in our study. Schdukaement data was provided by the New
Zealand Qualifications Authority. This data waskéd, via the national student numBetp
tertiary enrolment data supplied by tertiary ediocaproviders to the Ministry of Education.
The study population was confined to first yearamniural domestic students studying for a
bachelors degree at a university. In addition, estisl were selected if they had gained NCEA
level 3 and university entrance. Students variesvéen 17 and 20 years of age, and were
studying in the years 2006 to 2008. When considegiparticular subject, we excluded students
who had gained less than 14 credits in that subject

Sample sizes varied between the different modet¢sl us the analysis. For the bar graphs
(figures 4 to 7) there were at least 50 studentsaich subject category. Sample sizes for the
other figures are given in table 5. The samplessiaied because we excluded students who
had gained less than 14 credits in the particulajests in a model. Table 6 gives the sample
sizes and model fit statistics for the analyseseittion 4 (figures 22 to 25).

The requirement for students in the study poputatiohave university entrance derives from the
fact that the university entrance requirement isrequired for entrance to university for older
students. Those 20 years and over can be granéethspdmission to a university, without the
usual prerequisites. Since previous academic ssicsesuch an important determinant of
performance at tertiary level, it was importanetsure thaall students could have gained entry
to university based on their school qualificatioragher than by special admission.

Scott and Smart (2005) found that extramural stteddrad significantly lower rates of
qualification completion, even when controlling fother variables. This is confirmed for
students in the present study, where 54 per cemixvhmural students passed most of their
courses, compared to 76 per cent for intramuralestis. Extramural students also make up less
than 1 percent of students in the data availabletHis study. For these reasons extramural
students are excluded from the study population.

By limiting the study to first-timdirst-year students, vagaries arising from external factoas t
influence success at university study are reduaed, a stronger link is maintained between
success at school and performance at universigods not however, provide an indication of
the overall success in gaining a qualification, akhis arguably the ultimate success factor for
this group. In spite of this, first year course paates are an important guide to later results
(Birch and Miller 2006). At least for younger stitte passing most or all of the courses in first
year is correlated with continuing with study, aadpre-requisite to gaining the overall
qualification. Older students are more likely to baidying part-time, which decreases
gualification completion rates.

30 More information on the national student number lsa found at
http://www.minedu.govt.nz/NZEducation/Educationms/Schools/SchoolOperations/NationalStudentNufhifermationForParentsAnd Students/Fr
equentlyAskedQuestions.aspx
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Table 5

Variable combinations, sample sizes and model characteristics used in the analysis

Adjusted C Sample
Figure  Subject 1 Subject 2 Field(s) of study R? statistic* size
9. Achievement in Did or did not take Me_magement & commerce, 0.15 0.72 7.666
maths & calculus English science, and society & culture
10. Achl_evement in Did or did not take Mgnagement & commerce, 013 0.71 16,265
English maths & calculus science, and society & culture
Achievement in Did or did not take  Management & commerce,
1. chemistry English science, and society & culture 021 0.7 8,577
12. Achlgvement in Did or did not take Me_magement & commerce, 0.13 0.71 16,265
English chemistry science, and society & culture
13. Achlevement in Did or did not take Mgnagement & commerce, 0.12 0.70 4,985
visual arts maths & calculus science, and society & culture
Achievement in Did or did not take  Management & commerce,
14. maths & calculus visual arts science, and society & culture 0.14 071 7,666
15, Achievementin Achievementin Ay fields of study 0.17 0.75 4,785
maths & calculus English
16, Achievementin Achievementin g, o and culture 0.19 0.75 1,238
chemistry English
Achievement in Achievement in . .
17. chemistry English Physical and natural sciences 0.32 0.83 2,990
Achievement in Did or did not take  Management & commerce,
18. NCEA level 3 accounting science, and society & culture 026 0.78 22,164
Achievement in . .
19.  NCEA level 3 Did or did not take Me_magement & commerce, 0.26 0.78 22158
- - English science, and society & culture
subjects in common
Achievement in . .
20. NCEA level 3 Did or did not take Mgnagement & commerce, 0.25 0.78 22168
- . chemistry science, and society & culture
subjects in common
Achievement in . .
21 NCEA level 3 Did or did not take Mgnagement & commerce, 0.26 0.78 22.164
- . maths & calculus science, and society & culture
subjects in common
. Mathematical and chemical
Overall achievement Did or did not take  sciences, accountanc
22. in NCEA level 3 . > Y, 0.31 0.80 15,267
subjects accounting economics, law an_d language
and literature studies
. Mathematical and chemical
Overall achievement Did or did not take  sciences, accountancy
23. in N.CEA level 3 maths & calculus economics, law and language 0.30 0.80 15,267
subjects . .
and literature studies
Overall achievement _ _ Me_lthematical and chemical
24, in NCEA level 3 Did or did not take sciences, accountancy, 0.30 0.80 15,267
; chemistry economics, law and language
subjects . .
and literature studies
Overall achievement Did or did not take Z:?é?]i?satggl:;?rﬂ;:f el
25. in NCEA level 3 : > Y, 0.30 0.80 15,267
subjects English economics, law and language

and literature studies

* The C statistic is the probability of a student who actually passed most of their courses, having a higher predicted probability of doing
this (estimated from the model), than a student who has not actually passed most of their courses.
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Table 6
Number of students enrolled in selected university degree course fields of study, by whether a student took a particular school
subject (+), or not (-)

University degree course field of study

Language Total in

Mathematical Chemical & literature school

School subject sciences  sciences Economics Accountancy Law studies subject
+ accounting 696 100 1,736 1,412 635 214 4,793
- accounting 2,041 1,053 1,475 443 2,678 2,784 10,474
+ mathematics 1,906 725 1,408 901 916 693 6,549
- mathematics 831 428 1,803 954 2,397 2,305 8,718
+ chemistry 1,316 1,092 760 443 806 637 5,054
- chemistry 1,421 61 2,451 1,412 2,507 2,361 10,213
+ English 1,254 562 1,896 938 2,770 2,405 9,825
- English 1,483 591 1,315 917 543 602 5,442
Total in degree 2,737 1,153 3,211 1,855 3,313 2,998 15,267

A note on the use of logistic regression

The relationship between university performance arfuevement in secondary school subjects
can be investigated in a number of ways. Univergéasformance can be measured as a percent
of courses passed, instead of the measure we addpge proportion of students that passed
most—more than 75 per cent—of their courses. It lbanargued that using the probability
measure is less efficient, since the data contamsiumber of courses passed or failed, which is
a nearly continuous variable. We chose to use thbapilistic measure because the logistic
regression models are simpler, and are less coretrdby assumptions, than those regression
models that use a continuous variable as the owaomasure. We also believe that predicting
the proportion of courses a student passes sillele open the question as to what constitutes
good performance at university. We have used passiare than 75 per cent of first-year
courses in a particular field of study (either lallgaor narrowly defined), in line with other
reports (Earle 2008), although when we exploreddiua, the results were almost no different
had we used a value of 100 per cent. Of coursebélse measure of university performance is
whether a student eventually gains a qualificattommot. It is not possible to use this latter
measure with our current data, but it is an area will be considered in the future, as more
years of data become available.

A note on the use of confidence limits

The data is in this report is mostly presented riapbical form, with means and 90 per cent

confidence intervals. 90 per cent confidence irdlsrare used so that readers, when comparing
the intervals between two means, can be at leaspe95cent certain that the means are

significantly different. The reasons why this apgdly counter-intuitive approach is used can be

found in Schenker and Gentleman (2001).

Statistical package used

The logistic regression analysis was performed qusire SAS® statistical package, version
9.1.3.

42 Are particular school subjects associated with better performance at university?  Ministry of Education



APPENDIX A LIST OF APPROVED SUBJECTS

This list is reproduced from the New Zealand Qigdiions Authority websit&*

Accounting

Agriculture & Horticulture
Biology

Chemistry

Chinese

Classical Studies
Computing

Cook Islands Maori
Dance

Design (Practical Art)
Drama

Economics

English

French

Geography

German

Graphics

Health Education

History

History of Art

Indonesian

Japanese

Korean

Latin

Mathematics with Calculus
Statistics and Modelling
Media Studies

Music Studies

Painting (Practical Art)
Photography (Practical Art)
Physical Education
Physics

Printmaking (Practical Art)
Samoan

Science

Sculpture (Practical Art)
Spanish

Social Studies
Technology

Te Reo Rangatira or Te Reo Maori

31 hitp://www.nzga.govt.nz/qualifications-standaresdeds/university-entrance/approved-subjects-forersity-entrance/
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