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Abstract: The annual National Assessment Program—Literacy and Numeracy
(NAPLAN) measures the literacy and numeracy skills of primary and secondary students in Australia. Under the three Smarter Schools National Partnership, additional
funding is provided to the independent schools with the expectation of improving
student performance. Using multilevel modelling to account for within-school variables
and demographics, we analyse NAPLAN data from the 2008–2011 tests for a sample of
independent schools to estimate the effect of the National Partnerships on student performance. The results indicated that on average male students performed higher in the
numeracy test but scored lower in each of the literacy tests. Aboriginal and Torres Strait
Islander students scored lower in numeracy, reading, writing, and grammar and punctuation. Students from low socioeconomic status schools performed lower in writing.
Subjects: Educational Change & School Reform; School Leaders & Managers; Secondary
Education; Mathematics; English; Teaching & Learning; Gender & Sexuality; Assessment;
Curriculum; Education Politics
Keywords: education; indigenous effect; gender effect; literacy; multilevel modelling;
NAPLAN; numeracy
1. Introduction
The National Assessment Program—Literacy and Numeracy, better known as NAPLAN, was first administered in 2008 to Australian students in grades 3, 5, 7 and 9. It tests these two foundation skills
of learning, using separate tests for numeracy, reading, writing and language conventions, the latter
including spelling, and grammar and punctuation. These five tests (numeracy, reading, writing,
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spelling, and grammar and punctuation) are taken each year by all students in grades 3, 5, 7 and 9
in the second week of Term two. The items in each of the tests are developed with the advice of
specialist officers from departments concerning indigenous education, English as a second language
and special needs education (ACARA, 2010). The raw score for each test is converted into a NAPLANscaled score out of 1,000. Since different tests are used each year, methods of equating NAPLAN
scores between years have been developed, allowing comparisons across years (ACARA, 2010).
The NAPLAN tests have been developed, in part, to provide a common basis to compare educational outcomes between Australian states. The main aim of NAPLAN is to provide a snapshot of the
literacy and numeracy skills of Australian students and to inform schools and government in programme and policy development. NAPLAN aids identification of curriculum areas that require more
attention from government and schools, and helps identify schools requiring additional support.
Due to the longitudinal nature of NAPLAN testing, the progress of students over time can be measured to some extent. Thus, NAPLAN can allow teachers and schools to identify students in need of
extra support as well as those who are excelling in their age group (ACARA, 2011b). Analysis of
strengths, weaknesses and effectiveness of teaching methods can also be performed. NAPLAN is
useful in setting targets for academic achievement and allows monitoring of national changes in
literacy and numeracy standards over time. The progress of indigenous students in literacy and numeracy outcomes is of particular interest.
An aspect of this study is on the effectiveness of special programmes in independent schools aimed at
improving literacy and numeracy for their students. Student performance is based on NAPLAN results.
Independent schools are defined as those which are not for profit and not administered by the Government
of Western Australia, but are registered with the Department of Education Services (https://www.ais.
wa.edu.au/independent-schools). The independent schools in this study are members of the Association
of Independent Schools of Western Australia (AISWA). These schools also take part in the AISWA Literacy
and Numeracy National Partnership (LNNP) under which reforms are made to improve learning in these
two key foundation areas (AISWA, n.d.a). Some schools are also in the AISWA Low Socio-Economic Status
National Partnership (Low-SES NP) which focuses on students from disadvantaged schools (AISWA,
n.d.b). Emphasis is placed on developing and improving evidence-based teaching and strong leadership
within the classroom in addition to providing support in school planning and classroom management.

2. Hypotheses
The following hypotheses are of particular interest.
Hypothesis 1: Indigenous students, defined here as being of Aboriginal or Torres Strait
Islander (ATSI) descent, are expected to have lower achievement in each of the NAPLAN
tests.
Reduced cultural exposure and knowledge can affect performance in both the literacy tests and
the worded numeracy questions (Wigglesworth, Simpson, & Loakes, 2011). Data indicate that the
proportions of Australian indigenous students achieving benchmarks in Reading, Writing and
Numeracy are significantly lower compared to the nation as a whole (Gray & Beresford, 2008).
Hypothesis 2: It is expected that students from remote and very remote schools will perform
worse in both literacy and numeracy tests. This is again due to reduced cultural exposer,
knowledge and resources.
Remote and very remote are defined by a remoteness index, based on the area of the location and
its population (Zhao & Guthridge, 2008). Intuitively, they are locations far from any other population
centre, have relatively small populations (only a few thousand). About 24.5% of the locations are
classified as remote, and about 9.5% as very remote.
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Hypothesis 3: Students with a language background other than English are expected to
perform worse than English-speaking students.
Previous research has shown that unfamiliarity with the English language can affect performance
in word-based mathematics problems (Varughese, 2009, Chapter 2). In particular, translating to and
from another language can lead to misinterpretation. Cummings, Kintsch, Reusser and Weimer
(1988) reported that mathematics problems with abstract language were more likely to be miscomprehended by non-English speakers. Further, language can appear ambiguous if interpreted in a different context due to unfamiliarity with language.
Hypothesis 4: Students from schools with a higher Socio-Economic Status (SES) or Index
of Community Socio-Educational Advantage (ICSEA) are expected to have a higher overall
achievement level in the NAPLAN tests.
Considine and Zappalá (2002) identified SES as a key predictor of student academic
achievement.
Hypothesis 5: Schools in the Association of Independent Schools of Western Australia
Literacy and Numeracy National Partnership or Low-SES National Partnership are expected
to have a higher level of improvement on average than those that are not, since these
schools are developing programs focusing specifically on literacy, numeracy and general
educational improvement.
Hypothesis 6: Gender is expected to be a significant predictor of student performance, with
male students hypothesised to perform better in the numeracy test and female students
expected to perform better in the literacy tests. (Proud, 2009)
Rothman and McMillan (2003) found that in Australia girls scored higher on reading and comprehension tests, while boys scored higher in mathematics. This trend has also been observed in other
countries (OECD, 2014, p. 1).
Hypothesis 7: No difference in improvement is expected to be found between the cohorts of
students, that is the 2008–2010 progression group and the 2009–2011 group.
It is reasonable to expect that the cohorts by year will not differ significantly in ability or
demographics.

3. Method
3.1. Data collection
The NAPLAN and associated data were provided by the Association of Independent Schools of Western
Australia (AISWA) which in turn received the data from the Australian Curriculum Assessment and
Reporting Authority (ACARA). The data consist of the Western Australian NAPLAN test results from
2008–2011, student demographic data and several characteristics of the schools. The nature of
NAPLAN test administration allows student results to be matched across years, as depicted in Figure 1.
Figure 1. The progression of
students from 2008 to 2011.

Year
2008 2009 2010 2011
3
3
5
5
5
5
Grade
7
7
7
7
9
9
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However, since each student is only tested once every two years, matching data will not be available
at this stage for students from grade 9 in 2008 or 2009 and from grade 3 in 2010 and 2011. These and
any other incomplete records were discarded to avoid issues with missing data. In addition, 8 schools
with fewer than 10 students each were removed from the study.
The final data-set consists of 8,266 students from 42 AISWA schools. These students are from one
of grades 3, 5 or 7 in 2008 or 2009 who were also tested in 2010 or 2011 in grades 5, 7 or 9, respectively. It was assumed that students did not change schools during the testing period. The gender,
ATSI status and Language Background Other Than English (LBOTE) status of each student were also
collected during testing. In addition, as reported by Goldstein (1997), students have been found to
perform better in high achievement schools, that is, student achievement can be affected by the performance of their peers even after adjustment for their own previous results. Thus, for each grade in
each school, the average NAPLAN test scores were calculated and included in modelling (Appendix A).
For each school, their status as a LNNP or Low-SES National Partnership school was provided, in
addition to a classification of their location as either metropolitan, provincial, remote or very remote.
The SES and ICSEA values for each school were also recorded. ICSEA was specifically developed by
the Australian Curriculum Assessment and Reporting Authority to allow for the comparison of
NAPLAN scores across schools (ACARA, 2011a). It is a measure of the educational advantage due to
the family background of the students and is calculated using student information from the schools,
including parental occupation and education level. When this information was unavailable, it was
estimated with the use of census data from the Australian Bureau of Statistics. School characteristics such as location, the proportion of indigenous students and the proportion of LBOTE students
are also taken into account in ICSEA calculations. Table 1 contains a description of each of the
variables.
For each of the five tests, histograms were plotted of the first and second test results to investigate the normality of the data. Figures 2 and 3 indicate that normality is a reasonable assumption.

3.2. Multilevel analysis
Multilevel models (Bliese, 2009; Kahn, 2011), also known as random coefficient models (de Leeuw &
Kreft, 1986), hierarchical linear models (Caldas & Bankston III, 1999; Raudenbush & Bryk, 1986),
mixed models (Demindeko, 2013) or variance component models (Goldstein, 2011), are used to
model hierarchically structured, nested or clustered data (Hox, 2010; Rasbach, Steele, Browne, &
Prosser, 2004). Educational data are a prime example with students nested within classes, which are
further nested within schools. It is important to take this inherent nested structure into account in
the data analysis as ignoring it can lead to incorrect or misleading conclusions. Multilevel models
were fitted to the data using the nlme and multilevel packages in R. Due to the five distinct elements
of NAPLAN testing, specifically the numeracy, reading, writing, spelling, and grammar and punctuation tests, a separate analysis was conducted to model each of the second test results on the potential predictor variables discussed earlier.
The model involves using level one or student-level predictors and level two or school-level predictors to explain the two sources of variation in the response. In addition, consider, for example,
the hypothesised effect of gender on the Numeracy test results. Suppose male students perform
better than the female students in the first Numeracy tests (from 2008 or 2009) but both groups of
students improve at the same rate. If modelling is carried out only on the second tests (from 2010
or 2011) where results from the first test are included as predictors, gender would not be a
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Table 1. The variables collected for use in analysis of the NAPLAN testing results
Variable name

Level

Type

Description

startyear

Student

Categorical

= 2008; student’s first NAPLAN result is from 2008
= 2009; first result is from 2009

startgrade

= 3; student’s first NAPLAN result is for grade 3
= 5; first result is for grade 5
= 7; first result is for grade 7

gender

Student

Categorical

atsi

Student

Categorical

= M; student is male
= F; student is female
= Y; student is indigenous
= N; student is not indigenous

lbote

Student

Categorical

= Y; student has a non-English language background
= N; student has an English background

lnnp

School

Categorical

= Y; school is in the Literacy and Numeracy National
Partnership program
= N; school is not in this programme

lowses

School

Categorical

= Y; school is in the Low-SES National Partnership program
N; school is not in this programme

ses

School

Continuous

The socioeconomic status value for the school

icsea

School

Continuous

The index of community socio-educational advantage for
the school

location

School

Categorical

= Metropolitan; school is in the metropolitan area of WA
= Provincial; in a provincial area
= Remote; in a remote area
= Very Remote; in a very remote area

Nfirst, Rfirst, WNfirst, Sfirst, or Gfirst

Student

Continuous

Respectively, the first Numeracy, Reading, Writing, Spelling
or Grammar and Punctuation NAPLAN result available for
the student (from 2008 or 2009)

Nfirst.mean, Rfirst.mean, WNfirst.mean, Sfirst.mean, or
Gfirst.mean

School

Continuous

The school grade average performance for the first
Numeracy, Reading, Writing, Spelling or Grammar and
Punctuation NAPLAN tests, respectively

Nsecond, Rsecond, WNsecond, Ssecond, or Gsecond

Student

Continuous

The second NAPLAN test results available for the student
(2010 or 2011)

significant variable as its effect has already been adjusted for (by including in the model the result
of the first test).
Thus, for a more thorough investigation, multilevel models were fitted to each of the first and
second NAPLAN tests. For each model fitted, the assumptions of normality, homoscedasticity (unchanging variance at various values of a predictor variable) and linearity were checked using scatterplots and Quantile-Quantile plots of the model residuals.

Page 5 of 15

Chua et al., Cogent Education (2017), 4: 1273166
http://dx.doi.org/10.1080/2331186X.2016.1273166

Figure 2. Histograms for each
of the first NAPLAN test results
for all students.
Notes: N-Numeracy; R-Reading;
WN-Writing; S-Spelling;
G-Grammar and punctuation.

4. Results
As given in Table 1, there are 20 potential predictors for each of the models in addition to the possibility of random coefficients. Initial attempts at modelling using all predictors were obstructed by
the failure of the algorithms to converge. To address this, principal component analysis (PCA) was
carried out to reduce the number of variables and thus estimators required.
PCA was conducted on the 12 continuous variables; Nfirst, Rfirst, WNfirst, Sfirst, Gfirst, Nfirst.mean,
Rfirst.mean, WNfirst.mean, Sfirst.mean, Gfirst.mean, ses and icsea (each defined in Table 1). This
resulted in the first three principal components capturing a total of 88.3% of the variability in the
data whilst the remaining components each capture less than 2.8% of the variation. The first principal component (pc1) captures 65.2% of the variability, the second (pc2) 13.6% and the third (pc3)
9.4%. These three components are sufficient for use in modelling under an arbitrary 85% cumulative
variance stopping rule. Thus, the 12 continuous variables were reduced to three principal components, pc1, pc2 and pc3.
Details of these principal components are given in Table 2. The first component represents a
weighted average of the continuous variables, the second represents a contrast of a weighted average of the first score against a weighted average of the SES and ICSEA values whilst the third represents a contrast of a weighted average of the first scores, SES and ICSEA against a weighted average
of the mean first scores.
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Figure 3. Histograms for each of
the second NAPLAN test results
for all students.
Notes: N-Numeracy; R-Reading;
WN-Writing; S-Spelling;
G-Grammar and punctuation.

Table 2. Composition of the first three principal components
Variables

pc1

pc2

pc3

Nfirst

−0.303

−0.108

0.206

Rfirst

−0.289

−0.149

0.363

WNfirst

−0.287

−0.126

0.253

Sfirst

−0.289

−0.208

0.283

−0.147

Gfirst

−0.281

Nfirst.mean

−0.333

−0.290

0.407

Rfirst.mean

−0.336

−0.288

WNfirst.mean

−0.333

−0.286

Sfirst.mean

−0.329

−0.322

Gfirst.mean

−0.333

ses

−0.106

0.664

0.244

icsea

−0.120

0.656

0.201

−0.270

The value of pc1 increases if the continuous variables decrease in value, due to the negative
weights. That is, students with an overall low performance in the first tests who come from low performing schools with low SES and low ICSEA will have higher pc1 scores. The second principal component has a higher value if the SES and ICSEA of the student’s school is high and the student’s first
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NAPLAN test results are low. That is, pc2 scores are higher for students who are underperforming in
the first tests relative to their school’s SES or ICSEA. The third principal component has a higher value
if the individual results of the first test and the school’s SES and ICSEA are high, and the school-grade
mean first test results are lower. This component selects students who have performed above the
grade average for a school with given SES and ICSEA values and low pc3 scores can identify students
with low performance in the first tests after adjusting for the school-grade mean, and school SES
and ICSEA.
In total, ten multilevel models were fitted to the NAPLAN data. The coefficient estimates are summarised in Table 3 where the first and second columns under each NAPLAN test heading refer to the
model on the first (2008 or 2009) and second (2010 or 2011) tests, respectively.

5. Discussion
We will discuss the results with reference to the hypotheses stated in the Introduction and then
further comment on the implications of the results. It is also expected that relationships could exist
between the results from the different NAPLAN tests. For example, a higher reading result could
predict a higher numeracy result (Perso, 2011). While our interest is not on the effect of the results
of first test on the performance in the second test, this effect needs to be included in the statistical
models. However, these effects will not be discussed.
Hypothesis 1: Indigenous students are expected to have lower achievement in each of the
NAPLAN tests.
Table 3. Summary of the model coefficients for each of the first and second NAPLAN tests
Numeracy

Intercept

Spelling

Grammar and
punctuation

2nd

1st

2nd

1st

2nd

1st

2nd

1st

2nd

135
(441)

534
(66)

156
(191)

565
(151)

216
(123)

540
(93)

406
(35)

448

69
(493)

557
(55)

−19

−13

−4

−7

+5

−18

Gender M

+16

2009

−0.86

Grade 5

+86
(252)

Grade 7

+26

−32

−19

−12

−25

−39
−21

+7

−7
(105)

+13

+90

+15
(90)

+77

+14

+89

+21

+105
(443)

+156
(258)

+17

+138

+16
(84)

+129

+26

+141

+14

+133
(298)

+15

−6

−8

−19

+7

2009*Grade
7
ICSEA

Writing

1st

ATSI

2009*Grade
5

Reading

+14
+0.24

+0.24

+7

+20

+9

+0.19

LNNP

−22

LowSES

−14

Remote

−27

−8

−11

−10
−11

+0.32
−26

−789

−14

+47

+39

Very Remote

−133

−280

−53

pc1

−19

−17

−15

68

−19 (4)

pc2

−6

−6

−8 (83)

−50

−10

pc3
σ2

135

28 (25)

156

34

216

27 (30)

406

−130

69

35

4,036

2,191

5,336

1,838

3,872

2,778

4,514

1,271

5,963

2,435

Note: Appropriate, variances of random terms are given in brackets next to the coefficient.
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ATSI status was found to have a negative effect on the scores attained for the first numeracy,
reading, writing, and grammar and punctuation tests (data from 2008 and 2009 for students in
grades 3, 5 and 7), but no significant effect was found for the second tests (from 2010 and 2011 for
students in grades 5, 7 and 9, respectively) after adjusting for the first test result. Thus, while indigenous students are at a disadvantage and achieve lower results than non-indigenous students for
these aspects, their rate of improvement over the two-year period is found not to differ from that of
the non-indigenous students. ATSI status did not affect spelling test results.
Hypothesis 2: Students from remote and very remote schools will perform worse.
Students from remote schools were found to score higher in the first writing test when compared
to students from metropolitan, provincial or very remote schools, while no additional effect was
found for the second test. That is, after adjusting for the effects of the other factors, students from
remote schools score higher in writing but improve at the same rate as those from other schools.
For grammar and punctuation, school location was not found to be a significant factor in the first
test results. However, students from remote schools were found to perform higher in the second test
while students from very remote schools were found to score lower. This suggests that students
from remote schools have a higher rate of improvement than those from metropolitan or provincial
schools, but very remote students deteriorated in this area.
It was also found that very remote students performed worse in spelling in the first test, and also
deteriorated in the second test.
Hypothesis 3: LBOTE students are expected to perform worse.
The results show that LBOTE status had no significant effect on performance. Thus, NAPLAN seems
to accommodate LBOTE students.
Hypothesis 4: Students from a higher SES or ICSEA are expected to perform better.
This hypothesis is related to the principal components. Based on the principal components, an
individual performance in the first test that is higher than the school’s grade average score results in
a predicted increase in each of the second numeracy, reading, writing, and grammar and punctuation test performances. Further, except for reading, this effect was not found to vary between
schools. For spelling, students from Low-SES and low Index of Community Socio-Economic Advantage
(ICSEA) schools who perform below average in the first test tend to improve in the second test.
Hypothesis 5: Schools in Association of Independent Schools of Western Australia Literacy
(AISWA) and Numeracy National Partnership (LNNP) or Low-SES National Partnership (NP)
are expected to have a higher level of improvement compared to those that are not.
School participation in LNNP was not found to have any significant effect in predicting the first test
scores, after adjusting for the other predictors. The second test scores in reading for LNNP schools
were lower, indicating that their performance had deteriorated on average. The writing scores for
both tests for Low-SES NP schools were lower, indicating that they had performed worse and also
deteriorated over time. For reading, spelling, and grammar and punctuation, Low-SES schools performed just as well in the first test, but deteriorated in the second test.
Hypothesis 6: Male students are expected to perform better in numeracy while females are
expected to perform better in literacy.
Gender was found to have a significant effect on both the first and second numeracy scores, with
male students performing higher in both tests when compared with their female counterparts. This
suggests that on average the male students achieve higher scores in their initial tests and improve
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at a higher rate, increasing the gap between male and female students. Female students performed
better in all other sections for both the tests except reading for which the difference was only in the
first test. This shows that on average female students performed better in these tests, and except in
reading also improved at a faster rate than male students. While male students performed worse in
the first reading test, their rate of improvement was the same as for female students.
Hypothesis 7: No difference in improvement is expected to be found between the cohorts of
students, that is the 2008 to 2010 progression group and the 2009 to 2011 group.
This hypothesis relates to the principal components, and is discussed below for each test.

5.1. Numeracy
Grade 5 students from the 2009 cohort scored higher in the first test compared to those from the
2008 cohort, but performed worse in the second test after adjusting for the first test results. This
suggests that the 2008 Grade 5 cohort improved at a faster rate. No other differences between the
cohorts were observed.

5.2. Reading
The grade 3 students from the 2009 cohort achieved higher results in the first reading tests than
those from the 2008 cohort, but were found to perform lower in the second reading tests after adjusting for this initial result. This suggests that the 2008 grade 3 students improved at a faster rate
than those from 2009. The 2009 cohort of grade 7 students were found to progress at a higher rate
than the 2008 grade 7 students.

5.3. Writing
Grade 3 students from the 2008 cohort were found to improve their writing faster than those from
the 2009 cohort. Similarly, Grade 7 students from the 2009 cohort progressed faster than their 2008
counterparts.

5.4. Spelling
Grade 3 students from 2009 performed higher than those from the 2008 cohort, but both were
found to progress at the same rate. Students from Grades 5 and 7 improved at a faster rate than
Grade 3 students. Differences were found in the rate of improvement between the 2008 and 2009
cohorts for both grades 5 and 7. Grade 5 students from 2009 did not improve as rapidly as those
from 2008, while grade 7 students from 2009 progressed at a higher rate than those from 2008.

5.5. Grammar and punctuation
Grade 3 students from the 2009 cohort were found to score higher in the first test than those from
the 2008 cohort, but both cohorts improved at the same rate. In addition, the grade 5 students from
the 2009 cohort scored lower and improved at an even lower rate than those from the 2008 cohort.
The grade 7 students from both the 2008 and 2009 cohorts performed higher in the first test but the
grade 7 students from 2009 progressed at a slower rate.

5.6. Future work
For improvements in future analysis, it has been recommended (see recommendation 6 at http://
www.aph.gov.au/binaries/senate/committee/eet_ctte/naplan/report/b02.pdf) to extend the NAPLAN
testing for all students from grades 3 to 10. This would allow for the progression of results for students to be more easily investigated in addition to analysing the long-term effectiveness of various
educational policy implementations. More frequent testing would also provide more data, allowing
difference in improvement rates between grades, such as those found in the numeracy test, to be
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investigated. Caldas and Bankston III found in their 1999 study that differences in the family structure within the school, such as the proportion of single parent families, can have an effect on student
achievement above that caused by their own family structure (Caldas & Bankston III, 1999). To investigate this and other similar issues, obtaining more detail on the individual students and the
make-up of the schools would be beneficial.
Also covered by Caldas and Bankston III was the issue of racial concentration within the school
significantly affecting student academic outcomes (Caldas & Bankston III, 1999). While indigenous
status, defined by Aboriginal or Torres Strait Islander descent, was collected for each student in this
study, with the increased multiculturalism of Australia it could be of interest to determine if any
trends could be found for other ethnic groups. Similarly, rather than the binary language variable
LBOTE, the influence of individual language backgrounds could be of interest in future
investigations.
From the results of the current analysis, particularly for the spelling test predictions, it would be
beneficial if data on more schools were available. In addition, a more balanced selection of schools
from the various locations would allow for better, more reliable results. Inclusion of boys-only and
girls-only schools in the study could lead to additional discoveries. For example, Proud (2009) found
that a higher concentration of female students in a class had a negative effect on English results for
the male students.
An initial goal in the analysis of the NAPLAN data was to assess the impact of an instructional
leadership programme developed by AISWA. In this programme, schools work together with AISWA
to improve the leadership skills for both teachers and principals in the hope that this will result in
improved learning. This hypothesis is supported in a study by Heck and Hallinger (2010) who found
that distributed leadership was related to improved growth in student. The data regarding instructional leadership was insufficient for this study, with several teachers and principals unable to complete the required surveys in time. In the future, when more results are available and when the
programme has been running for longer, perhaps this data can be re-analysed.

6. Conclusion
The most significant observations are the effect of ATSI status and gender. ATSI students performed
worse in every test except spelling, and girls performed worse than boys in numeracy. Importantly
ATSI status was not significant in models for the second test scores based on the first test scores.
Nonetheless, it was found that that first test scores were lower for ATSI students on average. This
fact would not have been uncovered simply by an analysis of the second test scores based on the
first one. It is clear that the ATSI students do start with lower scores, but there is no difference in
their progress rate. Fryer and Levitt (2004) reported a similar gap between black and white students
in the first two years of school, and attributed this mainly to the lower quality of schools attended by
black students. Therefore, it seems that in order to improve the performance of ATSI students, attention needs to be focused on the earlier years.
The increasing gap in numeracy between girls and boys over the school years is evident. Robinson
and Lubienski (2011) found an increasing mathematics gender gap in lower school but not in kindergarten. These findings have strong implications for programmes aimed at reducing or removing the
gender gap in numeracy.
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Appendix A

Let yij represent the score from the 2010 test and let xij represent the score from the 2008 test for
student i from school j, i = 1, 2, …, 8,266, j = 1, 2, …, 42. The general intercepts- and slopes-as-outcomes
model (Bliese, 2009; Kahn, 2011) with one student level (level one) predictor xij (the student’s score
in the 2008 test) and one school level (level two) predictor Wj (the school average NAPLAN score for
the 2010 test), is given in Equation (1),
yij = 𝛽oj + 𝛽1 xij + rij ,

(1)

where 𝛽0j = 𝛾00 + 𝛾01 Wj + u0j ,

(2)

𝛽1j = 𝛾10 + 𝛾11 Wj + u1j ,

(3)

Var(rij ) = 𝜎 2 ,
2
Var(u0j ) = 𝜎u0
,
2
Var(u1j ) = 𝜎u1
.

The error terms rij, u0j and u1j are assumed to be independently normally distributed with mean 0.
They represent respectively the overall error and the school-based error terms for the random inter2
2
and σ2 are also called variance components, as they
cept and random coefficient. The terms 𝜎u0
, 𝜎u1
model the different sources (components) of variation in the model. Substitution of the intercept
and slope expressions, (2) and (3), into the model Equation (1) results in the model representation
(
)
yij = 𝛾00 + 𝛾01 Wj + 𝛾10 xij + 𝛾11 Wj × xij + u0j + u1j xij + rij .

(4)

From this, it can be seen explicitly that a cross-level interaction occurs between Wj and xij. In this
sense, Wj enters the model as a moderator variable, as its value can moderate the effect xij has on yij.
The term (u0j + u1j xij + rij ) in Equation (4) represents the random effect terms of the model. Again,
when more than one student-level or school-level predictor is fitted, interactions between these
variables may be added to the model.
Interpretation of the estimated intercept γ00 and the slope γ10 is aided by the construction of confidence intervals given in Equation (5),
√
(5)
Intercept: 95% CI for 𝛾00 = 𝛾̂00 ± z0.025 𝜎̂ 2u0 .
Slope: 95% CI for 𝛾10 = 𝛾̂10 ± z0.025

√
2
𝜎̂ u1
.

Interpretation and construction of confidence intervals for the slope term β1j is more complicated
due to the possibility of a cross-level interaction term. However, if the interaction term is considered
separately, the confidence interval can be constructed as in Equation (5).
Consider for example, the model for the second grammar and punctuation test, given in (6) below,
where the subscript ij represents student i in school j. In this model, both the intercept and the coefficient of the first principal component have random variation across the different schools, whilst all
other coefficients are fixed.
In Equation (6) u0j and u1j represent the random elements of the intercept and pc1, respectively.
Gsecondij = 𝛽0j + 𝛽1j pc1ij − 10 pc2ij + 35 pc3ij − 8 sexMij

(6)

−11 startgrade5ij − 10 startyear2009 ∗ startgrade5ij
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−11 startyear2009 ∗ startgrade7ij − 13.56 lowsesYj
+ 39 locationRemotej − 53 locationVeryRemotej + rij ,
where 𝛽0j = 𝛾̂00 + u0j = 557 + u0j ,
𝛽1j = 𝛾̂10 + u1j = −19 + u1j ,
Var(rij ) = 𝜎̂ 2 = 2435,
2
Var(u0j ) = 𝜎̂ u0
= 55,
2
Var(u1j ) = 𝜎̂ u4
= 4.

These estimates can be used to construct approximate 95% confidence intervals (CI) for the coefficients with random variation as given in Equation (7), where z0.025 = 1.96 the 0.025 critical value of
the standard normal distribution is.
Intercept: 95% CI = 𝛾̂00 ± z0.025
= 557 ± 1.96 ×

√

√
2
𝜎̂ u0

(7)

55

= (542, 572).
pc1: 95% CI = 𝛾̂10 ± z0.025
= −19 ± 1.96 ×

√
2
𝜎̂ u1

√
4

= (−23, −15).

Equations for the other models can similarly be expressed using the coefficients in Table 3.
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