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CHAPTER 1 INTRODUCTION AND OVERVIEW

The Australian Council for Educational Research (ACER) was appointed by the Australian
Curriculum, Assessment and Reporting Authority (ACARA) to undertake the central analysis
of test data from the National Assessment Program — Literacy and Numeracy (NAPLAN)
2018 administration. In May 2018, the NAPLAN 2018 tests were administered nationally to
all students in Years 3, 5, 7 and 9. As in previous cycles of NAPLAN, students at each of
these year level were assessed in five domains: Reading, Writing, Language Conventions
(Spelling, Grammar and Punctuation) and Numeracy.

The central analysis of NAPLAN data essentially involves a first step of placing each domain
test in the current year onto the relevant NAPLAN historic domain scale through test
calibration and a series of horizontal and vertical equating exercises. The equating process
enables the reporting of student performance on the NAPLAN historic scale for each of the
NAPLAN domains and for comparisons across year levels and over assessment cycles for
longitudinal tracking of performance by students, schools and systems.

NAPLAN results are reported using five national achievement scales, one for each of the
assessed aspects of literacy — Reading, Writing, Spelling, and Grammar and Punctuation —
and one for Numeracy. Each NAPLAN achievement scale spans Years 3, 5, 7 and 9 with
scores that range from approximately 0 to 1000. There are also ten proficiency bands that
span Years 3, 5, 7 and 9. Each year level is reported against six of these bands. The reporting
scale information with score-equivalence tables for the tests and proficiency bands provided
necessary information for the jurisdictions to report to parents and schools.

Over one million students in Years 3, 5, 7 and 9 in all states and territories of Australia
participated in NAPLAN 2018. From 2008 to 2017, NAPLAN delivered only paper-based
tests. In 2018, NAPLAN delivered both paper-based tests and online multistage adaptive
“tailored” tests. The online “tailored” tests in Reading, Spelling, Grammar and Punctuation,
and Numeracy were delivered to students in participating schools. There were about 1,250
schools from 6 jurisdictions that participated in the online “tailored’ tests with a total of about
45,000 students in each of Years 3, 5, 7 and 9. Not all participating schools participated in all
domains at all year levels. Participating students sat for the NAPLAN online tests instead of
the paper-based tests in reading, Spelling, Grammar and Punctuation, and numeracy. For
writing, the online students in Years 5, 7 and 9 responded to the writing prompts on the
computer while Year 3 students did the writing test on paper. Reporting of preliminary
student performance and final national reporting combined results of online and paper
participants.

The delivery of the online “tailored” tests alongside the paper-based tests for the first time in
NAPLAN 2018 presented new challenges in data analyses including the equating of the
online tests to the NAPLAN historic scales. The 2018 central analyses were carried out in
three phases. The first phase involved item and test analyses for the online tests and the
checking of pre-scaled parameters used in the Student and School Summary reports (SSSRSs)
for students and schools participating in NAPLAN online testing. The second phase involved
test calibrations and equating of the 2018 tests onto the historic NAPLAN reporting scales for
each domain for paper-based tests and online tests. The scale equating process was to ensure
that NAPLAN results were comparable across cycles and across year levels. The equating for
the paper-based tests onto the historic scales was achieved using data collected by
administering the secure equating tests (which had already been scaled onto the NAPLAN
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historic scales) and the 2018 NAPLAN tests to a sample of Australian students. The equating
of paper-based tests and online tests is an important part of the equating process for
NAPLAN 2018. This was achieved through common items in the paper-based tests and the
online tests.

The third phase involved analyses of the full cohort data that informed national reporting. The
analyses provided performance results to ACARA for the preparation of the NAPLAN 2018
summary (preliminary) information released in August 2018, the NAPLAN 2018 National
Report and for other reporting.

Test data based on student responses were delivered to ACER from the jurisdictional Test
Administration Authorities. There were eight sources of paper-based data corresponding to
the eight states and territories of Australia. Online test data were delivered to ACER by
ACARA.

The main aim of this technical report is to describe and document the methodology used in
the central data analyses of NAPLAN 2018 in producing reports on the performance of
students. This includes description of methods for test calibration, test equating, scaling and
in the estimation of performance results. Chapter 2 of this report describes the NAPLAN
2018 test design. Chapter 3 gives a summary of the methodology used in sampling for
equating and calibration, and presents the participation rates. Chapter 4 describes the analysis
procedure and the methodology of scaling and equating. Chapter 5 describes the data
preparation process, test calibration outcomes and differential item functioning (DIF) analysis
outcomes. Chapter 6 describes the test equating processes to place the NAPLAN 2018 tests
on the NAPLAN historic scales. Chapter 7 describes the generation of proficiency estimates,
scale transformation procedures and the methodology used for reporting of NAPLAN 2018
performance.

Technical details that are not included in this report are available upon request from ACARA.

Final results are reported in the 2018 NAPLAN National Report which can be found at
http://www.nap.edu.au/results-and-reports/national-reports
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CHAPTER 2 NAPLAN TEST DESIGN

From 2008 to 2017, NAPLAN delivered only paper-based tests. In 2018, NAPLAN
administered online multistage adaptive “tailored” tests for the first time together with the
paper-based tests. The online “tailored” tests were delivered to participating students who sat
for the online tests instead of the paper-based tests in reading, language conventions and
numeracy. All of the items in the paper-based versions were included in the pool of items
used to construct the online tests. The common items between the paper versions and the
online versions were included to provide a basis for statistically equating the online and paper
tests. For writing, the online students in Years 5, 7 and 9 responded to the writing prompts on
the computer while students in Year 3 continued to respond to the writing prompts on paper.
Reporting of preliminary student performance and national reporting combined results from
both online and paper participants.

2.1 Test designs for paper-based tests

Four paper-based tests were administered at each of Years 3,5, 7 and 9 as in previous cycles.
The four tests were reading, writing, language conventions (spelling, grammar and
punctuation) and numeracy. The test results were reported in five domains: reading, writing,
spelling, grammar and punctuation and numeracy. The paper-based tests were fixed tests in
that all students within a year level sat for the same tests.

In reading, language conventions and numeracy, there was a mix of multiple-choice items
and constructed-response items. The multiple-choice (MC) items were presented in a
standard format with a number of possible answers (usually four) from which students were
required to select the best answer. The constructed-response (CR) items generally required a
numeric answer, a word or a short phrase. All MC and CR items were dichotomously scored
(correct or incorrect).

Year 3 and Year 5 numeracy tests consisted of 36 and 42 items, respectively. The use of
calculators was not permitted in the numeracy tests in Years 3 and 5. Each of the Year 7 and
Year 9 numeracy tests consisted of 48 items where in both year levels, the use of calculators
was permitted in 40 of the items but not in 8 of the items.

Table 2.1 to Table 2.4 provide information on the structure of each of the reading, spelling,
grammar and punctuation, and numeracy domains in Years 3, 5, 7 and 9.
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Table 2.1. Structure of Year 3 Test Domains, NAPLAN 2018 (Paper)

. Number of  Number of Total for .
Domain Strand MC ltems CR Items Strand Total in Test
Literacy 23 1 24
Reading Literature 5 0 5 37
Language 8 0 8
Spelling Spelling 0 25 25 25
Grammar and ~ Grammar 17 0 17 o5

Punctuation Punctuation 8 0 8
Measurement and
Geometry 8 10
Numeracy Number and Algebra 13 20 36
Statistics and 2 6
Probability
Table 2.2. Structure of Year 5 Test Domains, NAPLAN 2018 (Paper)
: Number of Number of Total for Total in
Domain Strand MC ltems CR Items Strand Test
Literacy 26 0 26
Reading Literature 5 0 5 40
Language 9 0 9
Spelling Spelling 0 25 25 25
Grammar and Grammar 19 0 19 o5
Punctuation Punctuation 6 0 6
g/l::rs;]ugtement and 12
ry
Numeracy Number and Algebra 15 7 22 42
Statistics and Probability 6 2 8
Table 2.3. Structure of Year 7 Test Domains, NAPLAN 2018 (Paper)
: Number of Number of Total for Total in
Domain Strand MC Items CR Items Strand Test
Literacy 21 0 21
Reading Literature 10 0 10 50
Language 18 1 19
Spelling Spelling 0 25 25 25
Grammar & Grammar 20 0 20 o5
Punctuation Punctuation 5 0 5
Numeracy
(No Calculator) Number and Algebra 5 3 8 8
Numeracy Measurement and
(Calculator Geometry 12 14
Allowed) Number and Algebra 13 5 18 40
Statistics and Probability 7 1 8
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Table 2.4. Structure of Year 9 Test Domains, NAPLAN 2018 (Paper)

Domain Strand Number of ~ Number of Total for Total in
MC Items CR Items Strand Test

Literacy 24 1 25

Reading Literature 10 0 10 50
Language 14 1 15

Spelling Spelling 0 25 25 25

Grammar & Grammar 17 0 17 25

Punctuation Punctuation 8 0 25

Numeracy

(No Calculator) Number and Algebra 4 4 8 8

Numeracy Measurement and

(Calculator Geometry 10 4 14

Allowed) Number and Algebra 13 5 18 40
Statistics and Probability 5 3 8

For writing, all students were required to write a persuasive text in 2018. Students from
Years 3 and 5 responded to one Year3/Year5 writing prompt, while students in Years 7 and
9 responded to a separate Year7/Year9 prompt. The scripts were rated based on the same
ten criteria (Criteria 1 to 10) across all four year levels. Each of these ten criteria was rated
polytomously. The ratings on the ten criteria were treated as scores on ten different items.
The ten criteria with the associated number of score categories are listed in Table 2.5

Table 2.5. Criteria and Score Categories for Writing, NAPLAN 2018

Item Criterion Score Categories
1 Audience 0-6
2 Text Structure 0-4
3 Ideas 0-5
4 Persuasive Devices 0-4
5 Vocabulary 0-5
6 Cohesion 0-4
7 Paragraphing 0-3
8 Sentence Structure 0-6
9 Punctuation 0-5

10 Spelling 0-6
Raw Score Range 0-48

2.2 Test designs for online tailored tests

The NAPLAN online tailored tests utilized a three-stage adaptive test designs for Reading,
Numeracy and Spelling tests. For Reading and Numeracy (see Figure 2.1 ), all students
within a year level completed an initial testlet (testlets A) at Stage 1. Depending on their
performance on the initial testlet, each student was assigned a second testlet at Stage 2 that
was more targeted to their ability, according to a branching rule: the more difficult testlet D
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was assigned to students with higher performance and the easier testlet B was assigned to
students with lower performance. An exception to this rule was applied to students with very
low performance on the initial testlet, they were first assigned the very easy testlet C as a
second testlet before finally assigned testlet B as the third testlet. For the rest of the students,
a second set of branching rules was used to assign the third testlets to students at Stage 3
based on their performance in the first two testlets combined. Testlets F, E and C consist of
harder, medium and easier item sets respectively. Item responses from all three stages were
put together to obtain a final estimate of student proficiency. In this way, the online adaptive
design assigned test ‘tailored’ to the ability of each student. Even though the students may sit
for different tests, with the use of item response model in the analysis of data, it is possible to
estimate student proficiencies that are on the same scale so that test results can be compared.

In Reading, each testlet contained 13, 13, 16 and 16 items in Years 3, 5, 7 and 9, respectively.
Hence, Reading test lengths were 39, 39, 48 and 48 in Years 3, 5, 7 and 9, respectively. In
Numeracy, each testlet contained 12, 14, 16 and 16 items in Years 3, 5, 7 and 9, respectively.
Hence, Numeracy test lengths were 36, 42, 48 and 48 in Years 3, 5, 7 and 9, respectively.

.
D

A E
B

C

Figure 2.1 Testlets and Test Paths in Tailored Test Design for Reading and Numeracy

The Spelling test comprised two item types: orally delivered spelling items and proof-reading
items. There were three testlets, SA, SB and SD, that consisted of the orally delivered
Spelling items with 6 items in SA and 9 items each in SB and SD. There were two testlets
that consisted of proof-reading Spelling items, PB and PD, with 10 items each. There were 4
common items between proof-reading testlets PB and PD. The Spelling adaptive test design
is shown in Figure 2.2Error! Reference source not found.. At Stage 1, all students were
assigned the testlet SA. Depending on the performance on the first testlet SA, each student
was assigned a second testlet at Stage 2 according to a branching rule: the more difficult
testlet SD was assigned to students with higher performance and the easier testlet SB was
assigned to students with lower performance. A second set of branching rules was used to

10
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assign the third testlets to students at Stage 3 based on their performance in the first two
orally-delivered testlets. At Stage 3, the more difficult testlet PD was assigned to students
with higher performance in the first two testlets and the easier testlet PB was assigned to
students with lower performance.

h 4

SD PD

SA

W

SB PB

Figure 2.2 Testlets and Test Paths in Tailored Test Design for Spelling

In NAPLAN 2018, the assignment of testlets for online Grammar and Punctuation was based

on student performance in online Reading. Students sat the Grammar and Punctuation test
after they had sat the Reading test. Depending on whether they finished on testlet C, E or F
on the Reading test, students were directed to Grammar and Punctuation testlets C, E or F
(see Figure 2.3 ). Each online Grammar and Punctuation testlet formed a complete test
comprising 25 items, 18 of which were grammar items and 7 were punctuation items. There
were 6 common items between tests C and E and 6 between tests E and F.

. Grammar &
Reading F Punctuation F
_ .| Grammar &
Reading E “| PunctuationE
_ .| Grammar &
Reading C “| Punctuation C

Figure 2.3 Grammar and Punctuation Tests

11
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Each of the testlets in NAPLAN 2018 online Reading, Spelling, Grammar and Punctuation,
and Numeracy had two to three parallel versions. The testlets were constructed from large
pools of items. Table 2.6 to Table 2.9 show the number of MC items and CR items in the
item pools by test domain in Years 3,5, 7 and 9.

Table 2.6. Year 3 Item Pools by Test Domain, NAPLAN 2018 (Online)

Total
Number of Number of in
Domain MC Items CR Items Pool
Reading 108 22 130
Spelling 0 87 87
Grammar and Punctuation 56 36 92
Numeracy 74 45 119

Table 2.7. Year 5 Item Pools by Test Domain, NAPLAN 2018 (Online)

Total
Number of Number of in
Domain MC ltems CR ltems Pool
Reading 111 19 130
Spelling 0 88 88
Grammar and Punctuation 43 44 87
Numeracy 82 58 140

Table 2.8. Year 7 Item Pools by Test Domain, NAPLAN 2018 (Online)

Total
Number of Number of in
Domain MC Items CR Items Pool
Reading 137 23 160
Spelling 0 86 86
Grammar and Punctuation 44 48 92
Numeracy 98 62 160

Table 2.9. Year 9 Item Pools by Test Domain, NAPLAN 2018 (Online)

Total
Number of Number of in
Domain MC Items CR Items Pool
Reading 135 25 160
Spelling 0 87 87
Grammar and Punctuation 47 45 92
Numeracy 94 65 159

The design and scoring for the writing tests was the same as for paper-based students. All
students were required to write a persuasive text. Students from Years 3 and 5 responded to a
Year 3/5 writing prompt, while students in Years 7 and 9 responded to a Year 7/9 prompt.
The online students in Years 5, 7 and 9 responded to the writing prompts on computer while
Year 3 students did the writing test on paper. On the first day (Day 1) of writing test, the
same set of two prompts was administered to both paper-based and online students. For the
online students in Years 5, 7 and 9 who wrote their response on computer and had to sit for

12
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the writing test on the second day (Day 2), a different set of two prompts was administered;
one for Year 5 and one for Year7/9. The scripts were rated based on the same ten criteria
(Criteria 1 to 10) across all four year levels as for paper-based students (see Table 2.5).

13



CHAPTER 3 SAMPLING DESIGN FOR TEST CALIBRATIONS
AND EQUATING

For NAPLAN 2018, test calibration of the paper tests and the horizontal and vertical equating
process to put the paper tests on the NAPLAN historic scale were largely based on the
established methods used up until 2017. Data of paper tests based on a scientific sample
drawn from all states and territories were used for the purpose of test calibrations and scaling,
for equating and for generating preliminary estimates of key national outcomes to be used on
parent reports. The horizontal equating for the paper-based tests to the NAPLAN historic
scale was achieved using data collected by administering the secure equating tests (which had
already been scaled onto the NAPLAN historic scale) and the 2018 NAPLAN tests to a
sample of Australian students. The scientific sample was also used to provide jurisdictions
with preliminary estimates of the final national outcomes some time before the full census
data (from over a million students) were made available. This approach enabled results to be
delivered to jurisdictions in time for reporting to schools and parents. For item calibration, a
sub-sample was drawn from the scientific sample with equal contributions of students from
the participating TAAs.

For the online tests, the approximate numbers of participating schools and students in
NAPLAN 2018 online are shown in Table 3.12, section 3.4. For calibration and equating
purposes, a sub-sample was randomly drawn from all the available online data, with equal
contributions of students from the participating TAAs. There were no other sampling exercise
for online data. Sections 3.1 to 3.3 will focus on the sampling design for test calibrations and
equating of the paper-based tests.

3.1 Overview

There were three sampling activities associated with the NAPLAN 2018 paper-based tests:

e The National Scientific Sample (also referred to as the National Calibration
Sample) — This was a sample of students who participated in the NAPLAN
assessments that was used for generating estimates of the key national outcomes
to be used on parent reports and for the estimation of preliminary NAPLAN
2018 results on the existing NAPLAN scale.

e The Item Calibration Sample — This was a sub-sample of the National Scientific
Sample, with equal contributions of students from the participating TAASs. This
sub-sample was used for test calibrations and scaling of paper-based tests.

e The Equating Sample — This sample was required for equating the 2018 paper
tests onto the historic NAPLAN reporting scales. As in earlier administrations, a
common-person equating method was used. The paper-based secure equating
forms, which had been previously equated onto the NAPLAN reporting scales,
were administered to students in this equating sample in addition to the
NAPLAN 2018 paper tests.

As a contractor for the Australian Curriculum, Assessment and Reporting Authority
(ACARA), Australian Council for Educational Research (ACER), with information from
ACARA and documentation from previous cycles, created the sampling procedures used for
the NAPLAN 2018 administration. This includes documentation for calculating the sampling

14
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weights which can be found in an ACER report included in Appendix G of the 2012
NAPLAN Technical Report. This appendix provides:

e A description of the source data files that are used to create the sampling
weights.

e The steps used for preparing the data.

e The calculation procedure for the sampling weights including adjustments for
post-stratification and student non-response.

e The procedure for checking and assigning weights to the National Scientific
Sample.

e The procedure for calculating the response rates.

Appendix A provides the NAPLAN 2018 Sampling Report and describes the sampling design
and methodology applied to the National Calibration and Equating samples. The appendix
also provides details on the sample frame and sampling parameters used in the administration
of NAPLAN 2018.

The remainder of this chapter presents tables describing main aspects of the 2018 National
Scientific Sample and the Equating Sample. These tables include the numbers of schools and
students sampled, the assessment participation rates and the distributions of gender, language
background (LBOTE), Indigenous status and geolocation by year level.

3.2 The National Calibration Sample

Table 3.1 lists the numbers of schools and students included in the National Scientific Sample
from each of the eight jurisdictions. The table shows both the numbers of students (N) who
were selected in the sample, as well as the numbers of students (Wtd. N) represented by the
samples after sampling weights had been applied to approximate the full population of
students who had taken the NAPLAN 2018 tests.

15
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Table 3.1. Numbers of Schools and Students included in the National Scientific Sample
by State/Territory and Year Level (2018)

Year

Level Source NSW VIC QLD WA SA TAS ACT NT Total

Year 3 Schools 47 47 47 45 46 30 - 24 286
Students (N) 1969 1914 2198 1815 1680 1001 - 454 11031
Students 100881 81878 73984 37147 22962 7254 - 5041 329147
(Weighted N)

Year5 Schools 48 47 47 45 46 30 - 24 287
Students (N) 1988 1846 2186 1768 1632 964 - 370 10754
Students 99221 80151 76383 36893 22143 6985 - 4358 326134
(Weighted N)

Year 7 Schools 48 48 47 46 46 30 - 17 282
Students (N) 5335 5150 5962 6403 1371 2023 - 567 26811
Students 93333 73415 69730 32664 20851 6293 - 4256 300542
(Weighted N)

Year9 Schools 48 49 48 45 47 30 - 16 283
Students (N) 5201 5159 5793 6135 4409 1857 - 469 29023
Students 94169 76157 68860 31533 21682 6988 - 4084 303473
(Weighted N)

Total  Schools 191 191 189 181 185 120 - 81 1138
Students (N) 14493 14069 16139 16121 9092 5845 - 1860 77619
Students 387605 311600 288958 138238 87637 27521 - 17739 1259297
(Weighted N)

The remainder of this section presents summary tables showing school and student
participation in the sample and the distribution of the National Scientific Sample across key
population subgroups.

Table 3.2 shows the percentages of schools from the original sampling list (i.e., without
replacement schools) that were included in the National Scientific Sample for each
jurisdiction by year level, and the inclusion rates when replacement schools were taken into
account.

For each jurisdiction and year level, the school response rates before the use of replacement
schools are calculated as

RR, = P /(P; + NP)

where RRs is the response rate using sampled schools only, Ps is the number of sampled
schools that participated and NP is the number of sampled schools that did not participate.

The school response rate after the use of replacement school is given by
RRg, = Py /(Psy + NP)

where RRsr is the response rate using sampled schools and replacement schools, Psr is the
number of sampled or replacement schools that participated, and NP is the number of
sampled schools that did not participate.
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Table 3.2. Percentage of Sampled Schools included in the National Scientific Sample

(2018)

Year Level School Type NSW VIC QLD WA SA TAS ACT NT
Year 3 Sampled Schools 98 98 96 100 96 100 84
Sampled and Replaced 98 98 98 100 96 100 88

Schools
Year 5 Sampled Schools 100 98 9 100 98 97 84
Sampled and Replaced 100 98 96 100 98 97 88

Schools
Year 7 Sampled Schools 100 98 94 98 100 100 76
Sampled and Rep|aced 100 98 98 100 100 100 88

Schools
Year 9 Sampled Schools 100 100 94 96 87 97 59
100 100 96 98 96 97 82

Sampled and Replaced
Schools

Table 3.3 to Table 3.6 present the overall student participation rates obtained by aggregating
students across all of the schools within the National Scientific Sample. These participation

rates are reported by state/territory and by domain for each year level. Besides students who
were present for testing, several other categories are shown and defined as follows:

e Absent students are students who did not take the test because they were not
present when the test was administered, and are identified as absent by the

school for the purpose of the test session (ACARA, 2018a, Section 5.3);

e Students may be labelled exempt from one or more of the tests on the basis of
English language proficiency or significant disabilities as attested by
parents/carers (ACARA, 2018a, Section 5.2);

¢ Students may be withdrawn from the testing program by their parent/carer for
such reasons as religious beliefs or philosophical objections to testing (ACARA,

2018a, Section 5.4);

e The other category includes sanctioned abandonment of the test due to injury
and illness (ACARA, 2018a, Section 5.5) and verified by the Test

Administration Authority (TAA).
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Table 3.3. Year 3 Sample: Overall Participation Category Rates (%) by State/Territory

by Domain (2018)

Domain (F;a[jticipation NSW  VIC QLD WA SA  TAS ACT NT AUS
ode
Reading Absent 1.2 3.2 2.3 31 4.2 2.6 - 22.2 35
Exempt 0.9 14 0.7 23 2.1 11 - 0.9 1.4
Withdrawn 1.8 2.8 5.3 31 4.2 2.2 - 1.3 3.3
Other - - - - - - - - -
Present 96.1 92.6 91.7 91.5 89.4 94.1 - 75.6 91.8
Writing Absent 1.3 3.1 3.0 25 4.9 2.7 - 20.3 3.6
Exempt 1.0 15 0.7 23 2.4 11 - 0.9 14
Withdrawn 1.9 3.0 5.2 31 4.0 2.2 - 15 3.3
Other - - - - - - - - 0.0
Present 95.8 92,5 91.1 92.0 88.8 94.0 - 77.3 91.7
Spelling Absent 1.2 31 2.8 2.6 4.1 25 - 18.9 3.4
Exempt 1.0 15 0.7 2.3 2.3 11 - 0.9 1.4
Withdrawn 1.7 2.8 53 3.0 4.0 2.2 - 13 3.2
Other - - - 0.1 - - 0.2 0.0
Present 96.1 92.7 91.2 92.0 89.6 94.2 - 78.6 92.0
Grammar &  Absent 1.2 3.1 2.8 2.6 4.1 25 - 18.9 34
Punctuation  Exempt 1.0 15 0.7 23 2.3 11 - 0.9 1.4
Withdrawn 1.7 2.8 5.3 3.0 4.0 2.2 - 1.3 3.2
Other - - - 0.1 - - - 0.2 0.0
Present 96.1 92.7 91.2 92.0 89.6 94.2 - 78.6 92.0
Numeracy Absent 1.6 3.7 34 3.8 4.9 3.1 - 23.3 4.2
Exempt 0.7 1.3 0.6 21 2.0 11 - 0.9 1.3
Withdrawn 1.7 25 5.2 3.0 3.7 2.1 - 15 3.1
Other - - - - - - - - -
Present 96.0 92.6 90.8 91.1 89.3 93.7 - 74.2 91.4

Note: The percentages of students represented in the table above have been rounded and may not sum to 100.
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Table 3.4. Year 5 Sample: Overall Participation Category Rates (%) by State/Territory

by Domain (2018)

Domain Ea:jticipation NSW VIC QLD WA SA TAS ACT NT  AUS
ode
Reading Absent 1.0 2.8 2.7 25 3.8 3.8 - 18.1 3.2
Exempt 13 1.2 0.5 1.8 2.1 1.6 - 14 13
Withdrawn 0.9 2.6 4.8 2.7 34 12 - 0.5 2.7
Other - - - - - - - - -
Present 96.9 93.4 92.0 93.1 90.7 93.4 80.0 92.8
Writing Absent 1.3 2.7 2.8 2.1 44 4.1 - 17.0 3.3
Exempt 13 11 0.5 18 2.2 17 - 14 1.3
Withdrawn 0.9 2.7 4.8 2.8 3.4 11 - 0.5 2.7
Other - - - - - - - - 0.0
Present 96.5 93.4 91.9 93.3 90.0 93.0 - 81.1 92.7
Spelling Absent 11 2.8 2.7 21 34 3.9 - 16.5 3.0
Exempt 13 1.2 0.5 18 2.2 16 - 14 13
Withdrawn 0.9 25 4.9 2.8 3.4 11 - 0.5 2.7
Other - - - - 0.1 0.1 - - 0.0
Present 96.7 93.4 92.0 934 90.9 93.3 - 81.6 92.9
Grammar &  Absent 11 2.8 2.7 21 34 3.9 - 16.5 3.0
Punctuation  Exempt 13 1.2 05 18 2.2 16 - 1.4 13
Withdrawn 0.9 25 4.9 2.8 34 11 - 0.5 2.7
Other - - - - 0.1 0.1 - - 0.0
Present 96.7 93.4 92.0 934 90.9 93.3 - 81.6 92.9
Numeracy Absent 16 2.8 31 2.8 4.5 4.5 - 21.9 3.7
Exempt 11 1.2 0.5 1.8 2.1 1.6 - 14 13
Withdrawn 0.9 25 4.9 2.7 34 12 - 0.5 2.7
Other - - - - - - - - -
Present 96.4 93.5 91.6 92.8 90.0 92.7 - 76.2 92.3

Notes: The percentages of students represented in the table above have been rounded and may not sum to 100.
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Table 3.5. Year 7 Sample: Overall Participation Category Rates (%) by State/Territory

by Domain (2018)

Domain Ea[jticipation NSW VIC QLD WA SA TAS ACT NT  AUS
Reading Aﬁs:m 4.0 4.0 5.1 38 5.3 46 - 16.2 46
Exempt 1.0 0.6 0.9 0.8 1.7 1.8 - 2.6 1.0
Withdrawn 0.9 1.2 5.0 0.6 36 0.3 - 0.9 1.9
Other 0.1 - - - - - - - 0.0
Present 94.1 94.3 89.0 94.8 89.4 93.2 - 80.2 92.6
Writing Absent 3.7 35 46 36 5.6 42 - 16.8 43
Exempt 1.0 0.6 0.9 0.8 1.7 1.7 - 2.6 1.0
Withdrawn 0.9 1.1 49 0.6 38 0.3 - 0.9 1.9
Other 0.0 - 0.0 0.0 - - - - 0.0
Present 94.4 94.8 89.6 94.9 88.9 93.7 - 79.7 92.9
Spelling Absent 3.7 34 4.4 34 5.0 37 - 16.2 4.1
Exempt 1.0 0.6 0.9 0.8 1.7 1.7 - 2.6 1.0
Withdrawn 0.9 1.2 49 0.6 3.8 0.3 - 0.9 1.9
Other 0.0 - 0.0 - - - - - 0.0
Present 94.4 94.8 89.8 95.1 89.5 94.2 - 80.2 93.1
Grammar &  Absent 3.7 34 4.4 3.4 5.0 37 - 16.2 41
Punctuation  Exempt 1.0 0.6 0.9 0.8 17 1.7 - 2.6 1.0
Withdrawn 0.9 1.2 49 0.6 38 0.3 - 0.9 1.9
Other 0.0 - 0.0 - - - - - 0.0
Present 94.4 94.8 89.8 95.1 89.5 94.2 - 80.2 93.1
Numeracy ~ Absent 46 45 5.1 4.4 6.1 5.2 - 18.5 5.1
Exempt 1.0 0.6 0.9 0.8 1.8 1.8 - 2.8 1.0
Withdrawn 0.9 1.2 5.0 0.6 3.4 0.3 - 0.9 1.9
Other 0.0 - - 0.0 - - - - 0.0
Present 935 93.7 89.0 94.2 88.7 92.6 - 778 92.0

Notes: The percentages of students represented in the table above have been rounded and may not sum to 100.
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Table 3.6. Year 9 sample: Overall Participation Category Rates (%) by State/Territory
by Domain (2018)

Domain Ea[jticipation NSW  VIC QLD WA SA  TAS ACT NT  AUS
ode
Reading Absent 6.3 71 7.4 51 8.1 7.8 - 17.3 6.9
Exempt 0.8 0.8 0.9 0.9 17 1.8 - 0.9 1.0
Withdrawn 16 24 7.5 0.5 3.2 0.8 - - 2.9
Other - - - - - - - - -
Present 91.3 89.7 84.3 93,5 87.1 89.6 - 81.9 89.2
Writing Absent 5.6 6.6 6.9 4.8 7.1 8.0 - 17.9 6.5
Exempt 0.8 0.8 0.9 0.9 1.7 1.8 - 0.9 1.0
Withdrawn 1.6 2.4 7.4 0.5 3.1 0.8 - - 2.8
Other 0.0 - 0.0 0.1 - - - - 0.0
Present 91.9 90.3 84.7 93.7 88.0 89.5 - 81.2 89.6
Spelling Absent 5.6 6.4 6.8 4.8 7.2 7.9 - 16.8 6.4
Exempt 0.8 0.8 0.9 0.9 1.7 1.8 - 0.9 1.0
Withdrawn 1.6 2.3 7.4 0.5 3.2 0.8 - - 2.8
Other 0.0 - - 0.0 - - - - 0.0
Present 91.9 90.5 84.9 93.8 87.9 89.6 - 82.3 89.8
Grammar &  Absent 5.6 6.4 6.8 4.8 7.2 7.9 - 16.8 6.4
Punctuation  Exempt 0.8 0.8 0.9 0.9 17 1.8 - 0.9 1.0
Withdrawn 16 2.3 7.4 0.5 3.2 0.8 - - 2.8
Other 0.0 - - 0.0 - - - - 0.0
Present 91.9 90.5 84.9 93.8 87.9 89.6 - 82.3 89.8
Numeracy Absent 7.4 8.0 8.4 54 8.8 8.6 - 20.5 7.8
Exempt 0.8 0.7 0.8 0.9 17 1.8 - 0.9 1.0
Withdrawn 1.7 2.7 7.8 0.5 3.3 0.8 - - 3.0
Other - - 0.1 - - - - - 0.0
Present 90.1 88.6 83.0 93.1 86.2 88.7 - 78.7 88.2

Notes: The percentages of students represented in the table above have been rounded and may not sum to 100.
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Table 3.7 to Table 3.10 show the overall distributions of the National Scientific Sample by

several student-level and school-level demographic variables by year level and jurisdiction.

The definitions of these variables are taken from the National Assessment Program —
Literacy and Numeracy Achievement in Reading, Writing, Language Conventions and
Numeracy: National Report for 2018 (ACARA, 2019):

Sex is the distinction ‘male’ and ‘female’ as reported on a student’s enrolment
record (p. viii).

A student is classified as language background other than English (LBOTE)

if either the student or parents/ guardians speak a language other than English

at home (p. vii).

A student is considered to be Indigenous if he or she identifies as being of
Aboriginal and/or Torres Strait Islander origin. The term “origin’ is considered to
relate to a person’s Australian Aboriginal or Torres Strait Islander descent and
for some, but not all, their cultural identity (p. vii).

The geolocation of a school uses the ABS Australian Statistical Geography
Standard (ASGS) Remoteness Structure which is based on the locality of
individual schools and is used to disaggregate data according to Major Cities of
Australia, Inner Regional Australia, Outer Regional Australia, Remote Australia
and Very Remote Australia (p. vii).

Table 3.7. National Scientific Sample: Distribution (%) by Sex by Year Level (2018)

Year

Level Gender NSW VIC QLD WA SA TAS ACT NT  AUS
Vear 3 Male 48.9 51.1 50.0 52.1 50.8 52.6 - 51.3 50.7
ear

Female 51.0 48.9 50.0 47.9 49.1 47.4 - 48.7 49.2

Intersex/Indeterminate 0.2 - - - - - - - 0.0

Not stated - - - - 0.1 - - - 0.0
Vear 5 Male 47.8 51.5 47.4 51.9 52.5 54.1 - 52.2 50.5
ear

Female 52.2 48.5 52.6 48.1 475 45.9 - 47.8 49.5

Intersex/Indeterminate 0.1 - - - - - - - 0.0

Not stated - - - - 0.1 - - - 0.0
Vear 7 Male 54.6 48.5 50.9 52.0 52.8 47.0 - 51.5 51.2
ear

Female 45.3 51.5 49.1 48.0 47.2 53.0 - 48.5 48.7

Intersex/Indeterminate 0.1 - - - - - - - 0.0

Not stated - - - -
Vear 9 Male 54.8 49.1 51.2 51.9 52.5 44.3 - 53.3 51.4
ear

Female 45.0 50.9 48.8 48.1 47.4 55.7 - 46.7 48.6

Intersex/Indeterminate 0.2 - - - - - - - 0.0

Not stated - - - - 0.1 - - - 0.0

Notes: The percentages represented in the table above have been rounded and may not sum to 100.

22



Chapter 3

Sampling design for test calibrations and equating

Table 3.8. National Scientific Sample: Distribution (%) by Language Background by
Year Level (2018)

Year

Level Background NSW VIC QLD WA SA TAS ACT NT AUS
Non-LBOTE 65.4 77.8 81.2 57.2 85.2 93.2 - 22.5 73.1
Year 3 LBOTE 33.8 22.2 18.8 254 11.7 44 - 72.5 23.0
Not Stated 0.9 - - 17.4 3.0 24 - 51 3.9
Non-LBOTE 65.3 79.1 83.2 60.1 86.0 95.6 - 18.9 4.7
Year 5 LBOTE 34.0 20.9 16.7 22.9 12.4 3.6 - 76.5 21.9
Not Stated 0.7 - 0.1 17.1 15 0.7 - 4.6 3.4
Non-LBOTE 73.8 75.7 86.6 58.0 86.6 88.2 - 335 74.1
Year 7 LBOTE 215 24.3 133 21.4 125 6.3 - 54.5 19.3
Not Stated 4.7 - 0.1 20.6 0.9 55 - 12.0 6.6
Non-LBOTE 711 75.9 86.7 57.5 83.5 93.2 - 38.0 74.9
Year 9 LBOTE 235 24.1 13.2 21.3 143 5.4 - 52.2 19.0
Not Stated 54 - 0.0 211 2.2 14 - 9.8 6.0

Notes: The percentages represented in the table above have been rounded and may not sum to 100.

Table 3.9. National Scientific Sample: Distribution (%) by Indigenous Status by Year
Level (2018)

Year

fear Indigenous Status NSW VIC QLD WA SA TAS ACT NT AUS
Aboriginal and/or 53 18 76 67 55 127 - 606 84
Torre Strait Isl.

Year3 ~ Non-Aboriginal 928 982 875 902 933 830 . 394 893
and/or Torre Strait Isl.
Not Stated 18 01 48 31 11 43 ; - 24
Aboriginal and/or 53 22 6.6 6.1 51 114 - 654 77
Torre Strait Isl.

Year5  Non-Aboriginal 91.6 976 90.8 898 937 869 - 346 901
and/or Torre Strait Isl.
Not Stated 31 02 27 41 12 17 - - 21
Aboriginal and/or 70 15 75 49 55 103 . 46 65
Torre Strait Isl.

Year7  Non-Aboriginal 873 983 898 910 937 870 . 552 905
and/or Torre Strait Isl.
Not Stated 57 01 27 41 08 26 - 02 30
Aboriginal and/or 6.4 2.0 7.1 49 36 8.6 - 373 5.6
Torre Strait Isl.

Year9  Non-Aboriginal 887 978 899 912 950 894 . 627 916
and/or Torre Strait Isl.
Not Stated 49 03 31 39 15 20 . - 27

Notes: The percentages represented in the table above have been rounded and may not sum to 100.
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Table 3.10. National Scientific Sample: Distribution (%) by Geolocation by Year Level

(2018)
Year Level Geolocation NSW VIC QLD WA SA TAS ACT NT AUS
Year 3 Major Cities 74.3 73.4 61.0 78.6 73.5 - - 62.3
Inner Regional 19.6 211 17.6 9.0 11.0 67.9 - - 20.0
Outer Regional 6.0 55 18.1 55 13.0 31.3 - 421 131
Remote 0.1 - 0.4 6.9 2.0 0.8 - 163 23
Very Remote - - 3.0 - 0.5 - - 416 24
Year 5 Major Cities 75.1 70.5 62.5 79.7 71.2 - - - 62.6
Inner Regional 19.0 23.3 16.3 9.0 12.4 64.3 - - 20.0
Outer Regional 5.7 6.1 18.1 5.8 13.4 35.0 - 392 13.3
Remote 0.2 - 0.7 54 2.1 0.7 - 146 2.0
Very Remote - - 24 - 0.9 - - 46.2 2.2
Year 7 Major Cities 67.8 75.9 67.3 76.7 69.3 - - - 64.9
Inner Regional 27.8 17.6 18.5 6.7 115 70.8 - - 20.6
Outer Regional 4.0 6.3 11.0 8.5 15.3 28.3 - 376 10.2
Remote 0.3 0.2 11 8.0 25 0.4 - 321 31
Very Remote - - 2.1 - 14 0.4 - 303 1.2
Year 9 Major Cities 68.8 76.2 69.3 78.4 72.2 - - - 67.2
Inner Regional 26.4 18.0 17.3 6.4 111 71.6 - - 19.0
Outer Regional 4.6 5.7 10.1 8.3 11.8 27.8 - 435 9.9
Remote 0.2 0.2 11 6.9 4.1 0.3 - 326 2.9
Very Remote - - 2.2 - 0.8 0.3 - 239 1.0

Notes:  The percentages represented in the table above have been rounded and may not sum to 100.

3.3 The Equating Sample

Table 3.11 shows the achieved number of schools and students in the Equating Sample by

domain, year level, and state/territory.
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Table 3.11. Number of Schools and Students in the Equating Sample by Domain (2018)

Domain IS?& NSW  VIC QLD WA SA  TAS  NT AUS
Reading Year3 School 11 8 6 3 3 2 2 35
Student 207 189 134 66 69 48 46 849

Year5 School 11 8 6 3 3 2 2 35

Student 291 198 149 77 78 43 51 887

Year 7  School 14 10 9 5 3 2 1 44

Student 309 231 208 121 68 42 20 999

Year9 School 14 11 9 5 3 2 1 45

Student 284 233 206 124 68 42 22 979

Language Year3  School 11 8 8 4 2 2 2 37
(CS%Z‘I’EEO”S Student 283 181 189 90 53 50 54 900
Grammar Year5 School 1 8 8 4 2 2 2 37
and Student 300 189 198 105 a7 50 52 941
Punctuation) Year7  School 14 11 9 5 2 2 1 44
Student 328 256 223 95 59 46 25 1032

Year9 School 14 1 9 5 4 2 1 46

Student 317 248 220 98 92 43 24 1042

Numeracy Year3  School 11 9 5 4 3 2 2 36
Student 266 212 119 85 65 49 53 849

Year5  School 11 9 5 4 3 2 2 36

Student 274 215 129 109 53 51 47 878

Year 7  School 14 11 10 5 3 2 0 45

Student 332 241 245 116 63 42 0 1039

Year9 School 14 11 10 5 4 2 0 46

Student 347 246 247 123 107 45 0 1115

3.4 The NAPLAN 2018 online cohort

The approximate numbers of participating schools and students in NAPLAN 2018 online by
jurisdiction are shown in
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Table 3.12 below.

Table 3.12. Number of Participating Schools and Students for Online NAPLAN 2018

Domain E:\‘;’erl NSW  VIC QLD WA SA TAS ACT NT  AUS
Year 3 School 460 88 65 221 121 - 85 - 1040

_ Student 18697 4669 3938 10543 4404 - 5260 - 47511
Reading Year5  School 463 88 68 221 121 - 87 - 1048
Language Student 18999 5063 3974 10690 4537 - 4879 - 48142
Conventions  year7  School 143 48 32 82 121 - 0 - 456
Numeracy Student 14173 6856 3853 10893  448¢ - 4702 - 44966
Year 9 School 145 49 32 81 44 - 30 - 381

Student 13782 6686 3710 10478 5305 - 4534 - 44495

Year3  School 462 88 65 220 121 - 89 - 1045

Student 18008 4670 3933 10541 4411 - 5167 - 46730

Year5  School 465 88 68 221 121 - 89 - 1052

Writing Student 18596 5061 3980 10740  449¢ - 4999 - 47874
Year 7 School 142 53 33 82 121 - 33 - 464

Student 13617 7674 3989 10881 4454 - 5047 - 45662

Year9  School 145 54 33 81 4 - 2 - 389

Student 12887 7712 3841 10453 5301 - 4855 - 45049

26



CHAPTER 4 ANALYSIS PROCEDURES AND METHODOLOGY

This chapter describes the processes and methodologies used in the NAPLAN 2018 central
analysis. The psychometrics and scaling methods used are methods that have been widely
utilised in many large scale assessment programs, including the Programme for International
Student Assessment (PISA).

The NAPLAN 2018 test calibrations for the paper tests were based on the Item Calibration
Sample drawn from the National Scientific sample. The equating of these tests to the
NAPLAN scale was based on the Equating Sample. The National Scientific Sample was used
for the estimation of preliminary NAPLAN 2018 results in July. These estimates were used
on parent reports.

The NAPLAN 2018 test calibrations for the online tests were based on the online Item
Calibration Sample drawn from all available online data. The equating of the online tests to
each of the NAPLAN domain scales was carried out by equating through the paper tests
using common items between the paper and online tests. The equating process is described in
Chapter 6. The analyses for national reporting were based on full cohort data combining
results from paper and online data.

The NAPLAN program uses multidimensional item response model with latent regression
(MDLR) to produce the plausible values (PVs) required for the analysis and reporting of
NAPLAN results at the national and jurisdictional level. The PVs were generated using the
ACER ConQuest software. PVs were generated based on the National Scientific Sample for
the estimation of preliminary results in July. They were based on stage-1 census data for the
estimation of summary results released in August 2018 and on stage-2 full census data for the
NALAN 2018 National Report.

Technical details not included in this chapter are available upon request from ACARA.

4.1 Data Collection and Data Delivery

Test data were delivered to ACER in five main batches:
e staggered delivery of online test data for each domain (May)

e delivery of the merged paper-based horizontal equating data from equating
samples from the jurisdictions by domain for reading, spelling, grammar &
punctuation, numeracy (June)

e delivery of the paper test data from the national calibration sample from
jurisdictions by year level for calibration and equating purposes for reading,
spelling, grammar & punctuation, numeracy; and writing data (June)

o delivery of the stage-1 census data (as near complete as possible, on paper and
online tests) for analyses to produce national summary report (July)

o delivery of the stage-2 complete census data (on paper and online tests) to
produce the NAPLAN 2018 National Report (September)

Paper tests

Data collection of paper tests was undertaken by the Test Administration Authorities (TAAS)
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in the jurisdictions. There were three rounds of data delivery for the central data analysis and
a final round for the preparation of national report. The first round involved delivery of data
from the equating samples and the second round involved the delivery of the national
scientific samples, both described in Chapter 3. The third round involved delivery of nearly
complete stage-1 full cohort NAPLAN paper-based test data of Years 3, 5, 7 and 9 students in
mid July 2018. These data were used for the generation of the NAPLAN 2018 national
summary information. The complete (with background data) full cohort data used in the
production of the national report was delivered in September 2018. With each round of data
delivery, the datasets were cleaned and recoded in preparation for analysis. A systematic
process involving data checking was used to ensure that each dataset was consistent with
national code frames and data dictionaries.

Online tests

Education Services Australia (ESA) managed the online national assessment platform
(platform) on which the NAPLAN 2018 online tests were delivered. ACER received the
online test data extracted from the platform directly from ACARA by domain as they became
available. With the tight timeline between the online assessments and the delivery of School
and Student Summary reports (SSSRs), quality assurance checks of online data extracted
from the platform started in April. The preparation for online data checking and management
and for the analysis of online data followed the quality assurance check. Data integrity
checking included the checking of online data files conforming to their data dictionary and
coding conventions (supplied by ACARA) and the checking of item responses in the data
files conforming to the valid codes specified in the code frames.

4.2 Scaling Model

Test calibrations and scaling for both paper tests and online tests were performed based on
the Rasch model, as was the case in previous administrations.

For multiple-choice items and constructed-response items with a category score 1 for correct
responses and 0 for incorrect responses, the Rasch model predicts the probability of a correct
response given the latent trait (6,) and the item difficulty or location (¢,). This is modelled as

exp(6, —5,)

Rlo) =1+exp(9n ~35)

where Pi(1|6) is the probability of person n to score 1 on item i. 6 is the estimated latent trait
of person n, and di the estimated location of item i on this dimension. For each item,
responses are modelled as a function of the latent trait éh.

In the case of items with more than two categories, this model can be generalised to the
Partial Credit Model (Masters, 1982) as

exp (6,6 +1;)
P(x]6) =5 x=0,LK ,m

h

> exp) (0, -6, +7,)
h=0 j=0
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where P(x|6) is the probability of person n to score x on item i. éh denotes the person’s latent
trait, the item parameter o gives the location of the item on the latent continuum, and j is a
step parameter.

It should be noted that both item (difficulty) and person (ability) parameters are measured on
the same scale: in the case of dichotomous items with just two categories (correct and
incorrect), for students who have ability () the same as the estimated difficulty parameter of
an item (i), the probability of giving a correct response is 0.5.

Software used for analyses

For data checking, data management and calculations of sample statistics, statistical software
packages SPSS and SAS were used. For the Rasch scaling analysis, the software ACER
ConQuest 4 (Adams, Wu, and Wilson, 2015) was used. ACER ConQuest 4 provides tools for
the estimation of a variety of item response models and regression models. It was used for
test calibrations, for generating weighted likelihood estimates (WLE) used for the score-
equivalence tables, and for drawing plausible values (PVs) based on a multidimensional item
response model with latent regression. The marginal maximum likelihood (MML) estimation
method was used for test calibrations and in generating the plausible values. When calibrating
items from multistage adaptive test design, MML estimation method produces unbiased
estimates (Eggen & Verhelst, 2011; Adams & Lazendic; 2013).

4.3 Stage One Analyses for Paper Tests Based on Item Calibration Sample and
Equating Samples

Sequence of analyses

Analyses for paper-based test data were undertaken in the following order:

e [tem and test analyses based on item calibration sample data (treating ‘not reached’
items as “not administered’ to obtain appropriate estimates of item difficulty). No
weights were used.

e Checking of item characteristics using classical statistics such as item facilities (p-
values) and distractor analysis. A review of the outcomes of Rasch analyses
including checks of item fit, item spread, test targeting, and differential item
functioning (DIF) analysis.

e Horizontal equating using the equating data.

e Vertical equating based on common items in tests of adjacent year levels (Year 3
and Year 5, Year 5and Year 7, Year 7 and Year 9).

e The combination of results from the horizontal and vertical equating for putting each
2018 domain scale onto the NAPLAN domain scale.

e The generation of student weighted likelihood estimates (WLE) to obtain score
equivalence tables.

e The transformation of logit scores into NAPLAN reporting scale scores.

e The generation of plausible values for the national scientific sample.
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e The analyses to obtain preliminary results on the NAPLAN scale based on the
national scientific sample data. Student weights were used in the calculations of
preliminary statistics.

e The calculation of standard errors for student summary statistics that took into
account sampling, measurement, and equating errors.

Item coding
The recoding of test data was done prior to data analysis.

In 2018, data for multiple-choice items were indicated by the letter of the chosen response
option for each item, i.e., A, B, C, D, or E. Responses for students not participating on a
particular test were recoded to Rs and treated as missing. Multiple responses (7s) were treated
as incorrect. Embedded missing responses were coded as 9 by the TAAs and treated as
incorrect. Trailing missing responses were also coded as 9 for the first unanswered item and
treated as incorrect, while the remaining trailing missing items were recoded as Ms and
treated as “not reached”. These not-reached items were treated as missing values for item
calibration to obtain an appropriate estimate of the item difficulty (for students who had a
chance to respond). However, these omits were treated as incorrect for the final estimation of
student abilities.

Data for partial-credit items were indicated by ordered categories starting with 0 up to the
maximum possible value. Short-answer items were given scores of 0 or 1. The rules for data
recoding are provided in Table 5.1 in the next chapter.

Item calibration

The outcomes of the Rasch analyses, including item and test characteristics, are provided in
Chapter 5 and Appendices C and D. The goodness of fit for individual items was based on the
Mean Square Statistics. The statistical information regarding item characteristics provided
includes:

e |tem facility, expressed as percentage correct for each relevant year level.
e Item location on individual year level scales.

e Test targeting and item spread.

¢ Information about the fit of the item to the Rasch model specified.

e Plots for assessing potential differential item functioning (DIF).

e Information on the consistency of the functioning of link items between adjacent
year levels.

Review of test and item characteristics

ACER ConQuest provides statistics for each individual item in tabular form with statistics for
response categories. The information provided includes the number of students taking the test
item, item discrimination (which is equivalent to the correlation between the correct item
category and the corrected total score), the item difficulty parameter and the weighted mean
square (Infit) fit statistic. Other information provided in the tables includes scoring for each
category (responses and other codes, such as missing or not reached), the number and
percentage of students in each category, the point biserials for each category (correlation with
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the corrected total score) and their t-values, as well as the average ability estimates of
students in each category and their standard deviation. These statistics were used for item
review in conjunction with the item characteristic curves (ICC), which show the modelled
and empirical curves and distractor behaviours for multiple-choice items. Distractor curves
were studied for problem items. This process is described in greater detail in Chapter 5.

In the calibration for each test, the item difficulties and the distribution of student abilities
were presented on the same scale. These can be examined visually in the item variable maps
provided by ACER ConQuest. The reliabilities of the NAPLAN 2018 tests are reported in
Chapter 5.

Differential Item Functioning Analysis

Differential item functioning (DIF) occurs when an item is substantially harder for one group
than for another group after their relative performance in the domain tested has been taken
into account.

A general problem of DIF analysis is to determine the point below which differences are not
significant. With large sample sizes, most of the differences will appear to be statistically
significant but may not be of practical importance or substantial in size. Under such
circumstance, rules of thumb were used to determine whether there was substantial DIF
present for a particular subgroup.

DIF in the test items was examined for gender, LBOTE and Indigenous groupings. With five
domains and four year levels for each of the three subgroup pairs (for writing, four year
levels were analysed together), a decision was made to first examine DIF in the subgroups
using scatter plots of adjusted item parameters. Separate Rasch calibrations were performed
over the same set of items for the subgroups. The mean item difficulty in each of the two
independent sets of item parameters was centred at zero. One set of item parameters was then
plotted against the other set of item parameters. Each item is represented by one point on the
plot. A diagonal line was plotted as the reference line. If the relative item difficulty for an
item is the same in the two groups after taking their relative performance on the test into
account, the point representing the item will be on the diagonal. The further the distance that
point is from the diagonal, the larger will be the size of the DIF.

DIF was also examined using ACER ConQuest by analysing the data based on a multi-facet
model by adding an item-by-subgroup term.

In addition to the DIF analysis of student subgroups, item differential functioning across
jurisdictions was also examined. The results are shown in section 5.6.

Vertical reporting scales

NAPLAN reporting in each of the five domains is based on a vertical reporting scale spanning
Years 3, 5, 7 and 9 for that domain. Each year the scales have been used by jurisdictions to
report to parents and schools and for national reporting of student performance on the
NAPLAN tests. The NAPLAN 2018 tests were equated onto each NAPLAN domain scale
through a combination of vertical equating across the year levels and horizontal equating to
the historic scale.

Reading, Spelling, Grammar and Punctuation, and Numeracy
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Each of the reading, spelling, grammar and punctuation, and numeracy vertical preliminary
scales across Years 3, 5, 7 and 9 was constructed and equated to the NAPLAN vertical scale
established in 2008. The equating was performed through: horizontal test equating based on
the equating sample data; and vertical equating using linking items embedded in the 2018
tests of adjacent year levels (Year 3 and Year 5, Year 5 and Year 7, Year 7 and Year 9),
based on the 2018 calibration sample data. Specifically, the transformation needed for each
domain score was calculated based on the equating constants determined from the horizontal
and vertical equating in combination. The methodology and results of the equating are
described in Chapter 6, and scale transformations are described in Chapter 7.

Writing

In 2018, while the writing tasks were different for Year 3/5 and Year 7/9 and for Day 1 and
Day 2, the resulting scripts were rated using the same set of ten criteria. The data from all
four year levels were analysed concurrently to construct the vertical writing scale. The
writing analysis was based on the Partial Credit model, a polytomous extension of the Rasch
model. The equating of the 2018 writing scale to the 2017 writing scale was conducted using
the pairwise-comparison method. The results were checked against those from the common-
item equating method. The results of the equating are discussed in Chapter 6. Appendix K
provides details of the pairwise-comparisons.

Scoring and generation of PVs

The raw scores for each student on the five domains were calculated. Omitted responses were
scored as being incorrect. Score-equivalence tables based on WLEs in logits were generated
for each test in each domain based on delta-centred item parameters. Transformations were
applied to the logit scores for conversion to NAPLAN reporting scale scores on the historic
NAPLAN scales.

The jurisdictions were provided with the transformed score-equivalence tables for rapid
generation of student and school reports. The score-equivalence tables provided the means for
Test Administration Authorities to locate individual students on year level specific reports
using the raw scores for each test.

For the estimation of population statistics, rather than using the WLE estimates, five sets of
PVs of student latent proficiency estimates were drawn using ACER ConQuest based on
imputation techniques and a multidimensional item response model with latent regression for
students in each of the year levels for each of reading, spelling, grammar and punctuation and
numeracy. The conditioning variables used for the paper-based tests were gender, LBOTE
status, Indigenous status, school sector, geolocation, parents’ education and occupation and
school WLE reading mean. The PVs for writing were drawn for Years 3, 5, 7 and 9
concurrently, conditioning on year level, and the school WLE writing mean was used in the
conditioning instead of the reading mean. For each student, the school mean was calculated
excluding that particular student. The conditioning on background variables increases the
precision of population estimates and allows the analysis of relationships between proficiency
estimates and background variables. The PVs were drawn separately for each jurisdiction for
all students (including absent students and withdrawn students) except for students who were
exempt from NAPLAN testing.

National NAPLAN Reporting Scales and Proficiency Bands
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A linear transformation was applied to the logit scores in each domain. The transformation for
each domain score was based on standardisation procedures established in 2008 and the
equating constants estimated from the horizontal and vertical equating, with the result that all
five domain scales were put on the NAPLAN historical scales. These scales share the same set
of cut-points separating the bands. The cut-points in scale scores established for NAPLAN
2008 were used in 2009 through 2018 to ensure comparability of results across time.

Preliminary performance information based on the National Scientific Sample

For reporting to parents, the national means, standard deviations, the 20th percentiles and the
80th percentiles for each domain and each year level were calculated using the 2018 National
Scientific Sample, with weights applied. Preliminary percentages in bands were also
estimated for each domain and each year level. All the statistics obtained were expressed on
the NAPLAN Reporting Scales.

4.4 Stage One Analyses for Online Tests Based on online Item Calibration Sample
Sequence of analyses

Analyses for online test data were undertaken largely in the following order:
e [tem and test analyses based on online item calibration sample data.

e Checking of item characteristics and distractor analysis. A review of the outcomes
of Rasch analyses including checks of item fit, item spread, and test targeting.

e Checking of item parameters to support production and release of the School and
Student Summary reports (SSSRS) to online participants shortly after testing.
Comparisons of online item parameters to the pre-scaled item parameters (on
NAPLAN historic scales) supplied by ACARA Vertical equating based on common
items in tests of adjacent year levels (Year 3 and Year 5, Year 5 and Year 7, Year 7
and Year 9) and review of the linking items. The generation of student weighted
likelihood estimates (WLE) to obtain score equivalence tables for comparisons to
those based on pre-scaled parameters. Finalising parameters and score equivalence
tables for delivery to ACARA for the generation of SSSRs.

e Equating of the online tests to the paper-based tests based on common items
between paper and online tests. The methods and results of the equating are
described in Chapter 6.

e The generation of plausible values for the online participants.
Item coding, Item calibration

The rules for data recoding for online data follow those of the paper data. Responses for non-
administered missing (for items not in the administered testlets) were recoded to Rs. These
were treated as missing both in calibration and in scoring.

Items from all testlets within a domain and year level were calibrated in a concurrent analysis
based on the Rasch model using the MML estimation method as in the calibration of paper
items. The outcomes of the analyses, including item and test characteristics, are provided in
Chapter 5 and Appendices C and D. Review of test and item characteristics was carried out as
was done for the paper tests.
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Scoring and generation of PVs

Scoring and the generation of score-equivalence tables based on WLEs in logits were
generated for each test path for each domain in each year level based on delta-centred item
parameters. Transformations were applied to the logit scores for conversion to NAPLAN
reporting scale scores on the historic NAPLAN scales just as was done for paper tests.

As was done for the paper tests, PVs of student latent proficiency estimates on the online
tests at each of the year levels for each of reading, spelling, grammar and punctuation and
numeracy were drawn using ACER ConQuest based the multidimensional item response
model with latent regression. With the online cohort, the PVs were drawn concurrently for
the six participating jurisdictions. Hence, jurisdiction was added to the set of conditioning
variables in the generation of PVs as background data for online students. Another
conditioning variable that was only added specifically for online grammar and punctuation
(G&P) was information about which test the student sat as that was determined by their third
testlet in the reading test. This was considered important background information which
would improve the drawing of PVs for G&P.

The PVs for writing were drawn for online students in Years 3, 5, 7 and 9 concurrently as for
the paper students. The PVs were also drawn concurrently for the six participating
jurisdictions, with jurisdiction added to the set of conditioning variables.

4.5 Stage Two Analyses Based on Census Data

Using item parameters, scaling information and models as described in the stage one analyses,
five sets of PVs were drawn for students in each of the year levels and each of the domains.
The conditioning variables used were as described in section 4.3 for students who sat for the
paper-based tests and in section 4.4 for students who sat for the online ‘tailored’ tests. The
PVs from the full cohort (combining both students who sat for the paper-based tests and
students who sat for the online tests) were analysed to produce national and jurisdiction
results, for the summary report and the NAPLAN 2018 National Report. The National Report
also included results on subgroups.

4.6 The Estimation of Standard Errors

NAPLAN results from census data were reported with standard errors that included both
measurement errors and sampling errors. The inclusion of sampling error might be considered
surprising in that all students in the target year levels were included in the assessment.

However, the aim of NAPLAN is to make inference about trends in the educational systems
over time and not about the specific student cohorts in 2018. In addition, even in census
assessments there is a certain amount of non-response that must be taken into account.

The measurement errors are estimated using the multiple sets of plausible values. In general,
secondary analyses with plausible values can be described as follows. If § is the population
parameter and 6iis the statistic of interest computed on one set of plausible values, then:

1 M
0= MZQ , with M being the number of sets of plausible values.

i=1
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The plausible values also allow the computation of the uncertainty in the estimate of 6 due to
the lack of precision of the test. If a perfect test could be developed, then the measurement
error would be equal to zero and the five statistics from the plausible values would be exactly
identical. Since no test is perfect, the five sets of statistics would not be identical. The
measurement variance is estimated as:

1 M
—__ L 2
BM_M_lél(el 9)
l=

It corresponds to the variance of the five plausible value statistics of interest. The final stage
is to combine the sampling variance and the imputation variance as follows:

V=U+ (1 + %) By, with U being the sampling variance.

Sampling error was considered at both the student and the school level. At the student level
there is a random element from one year to another in respect of having different age cohorts
at each year level. At the school level it needs to be considered that schools may be closed
from one year to another or new schools may be opened.

The Taylor Series Linearization method (Wolter, 1995; Levy and Lemeshow, 1999) was used
to construct an approximation to the functional form of the estimated population characteristic
that is a linear function of the original observations and hence is amenable to construction of a
variance estimator.

The process of linearization or Taylor series variance estimation involves several steps. To
look at a simple case, consider a population characteristic 4 and assume that there exists an
estimator & = f(x,y) such that the variables x and y are linear functions of the sample
observations but that f(x, y) is not a linear function of the sample observations. The next step
is to use a first-order Taylor series to approximate f(x, y). This results in an approximation
that is linear in the variables x and y, and hence, linear in the sample observations. The final
step is to take this linear approximation, identify the sample design, and apply the design-
based formula to estimate the variance (Levy & Lemeshow, 1999).

Taylor series variance estimation can be done using commercially available statistical
software. For NAPLAN 2018, the complex sample module implemented in the SPSS software
package and the procedure Proc Surveymeans in the SAS software package were used in
parallel processing for checking. Macros were written in both SPSS and SAS to combine the
estimates of sampling error with the estimates of measurement error to obtain final standard
errors for the performance statistics reported for the census data. The standard errors were
used to determine statistical significance in mean differences in NAPLAN 2018 performance
in the reports.

Three additional sets of standard errors were calculated; one set for the comparisons of means
across 2008 (the baseline year) and 2018 for reading, spelling, grammar and punctuation and
numeracy tests and across 2011 (the baseline year) and 2018 for writing; one set for the
comparisons of means across 2017 and 2018; and, one set for the comparisons of means
across 2016 and 2018. These took into consideration, in addition to sampling and
measurement errors, the errors due to the equating of measurement scales across years. See
section 6.6 for a discussion of the estimation procedure used to calculate the standard errors of
equating.
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The calculation of effect size for census data

All significance testing in NAPLAN is accompanied by an effect size measure, which indicates
the magnitude of any change. The effect size for differences in means is given by Hedge’s g,
whose formula is:

m; —my
9=—T—

Sp
where m; is the sample mean of the first group, m: is the sample mean of the second group,
and s; is the pooled standard deviation, i.e. the square root of the pooled within-groups

variance, weighted by number of cases in each group

(ny — Ds? + (n, — sz
S =
p ny+n, —2
where n1 and n2 are the number of cases in group 1 and 2, respectively, and s1? and s2? are
their variances. This formula is known to yield a biased estimate for the population value and
is corrected using the following formula:

3
Yunbisased = Ybiased [1 - 4(Tl1 +n, — 2)]
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This chapter describes the data preparation process, test calibration outcomes. The outcomes
for differential item functioning (DIF) analysis of the paper items were also included.

5.1 Data Preparation

ACER received the online test data extracted from the platform directly from ACARA by
domain as they became available. With each round of data extraction and delivery via the
ACARA's secure File Transfer Protocol (FTP) site, data integrity check was carried out to
make sure that the online data files conformed to their data dictionary and coding conventions
(supplied by ACARA) and the checking of item responses in the data files conforming to the
valid codes specified in the code frames.

As in previous years, each TAA prepared its jurisdiction data for the paper-based tests
according to a common codebook provided. Each TAA prepared four data files in ASCII
format, one for each year level. The data files were uploaded to ACARA's FTP site. The data
were identified at the school level and delivered with school information necessary for the
calculation of weights. This made it possible to calculate the weights for each school and for
each jurisdiction.

Data Checking

All data files were checked for invalid codes and inconsistencies. Data were cleaned and
recoded as part of the central data analysis process. Any concerns about data were
communicated to ACARA and the TAA and rectified as necessary. Recoded data files were
generated and verified in preparation for data analysis. This was carried for both the paper-
based tests and the online tests.

Rules for Data Recoding

Table 5.1 lists the test participation codes used in the data files and the rules for recoding the
response string for each test. The list applied to both paper-based tests and online tests.

Papered-based language conventions was one test but reported as two domains. There were
students who attempted only the spelling part or only the grammar and punctuation part. For
the purpose of calibration, the unreached-missing coding was done separately for spelling and
grammar and punctuation. A code of 9 was only used for the first of the unreached missing
response, and the remaining missing values were recoded to M. The code of 9 was also used
for embedded missing responses.

Missing data were not expected for writing. Students who were present but did not write
anything (blank booklet) had their ratings coded as a string of 9s by the TAAs. These were
then all recoded to M.
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Table 5.1. Rules for Data Recoding

Participation Code Data Recoding Rule

P — Present Data string (i.e. item responses) expected. Any embedded missing
responses are indicated with 9s by the TAA, invalid responses with 7s.
The first trailing missing response is to be kept as a 9; subsequent trailing-missing
responses are unreached missing responses, and are to be recoded as Ms. Any
embedded missing responses within the data string are kept as 9s.
Students who are present but do not attempt any question will have a string of Ms.
Additionally, for the online tailored test data, responses for items in testlets that were
not administered to the students are recoded as a strings of Rs.

A — Absent A data string of all 9s for that test was expected from the TAA. Item data are
recoded as a string of Rs (this is like not-administered).

S — Sanctioned This is specifically used to indicate students who unexpectedly abandon the test

Abandonment due to illness or injury. See National protocols for Test Administration section
5.5.

There may be data, but these students will be treated as absent. All item data are
recoded as a string of Rs.
W — Withdrawn A data string of all 9s for that test was expected from the
TAA. See National protocols for Test Administration
section 5.4.
These students are treated as absent. Item data are recoded as a string of Rs.
E — Exempt A data string of all 9s for that test was expected from the
TAA. See National protocols for Test Administration
section 5.2.
These students are not included in the calibration or in the calculation of means. Item
data are recoded as a string of Rs.

5.2 Test Calibrations

For the paper-based tests, the item calibration sample for each year level was a sub-sample
drawn from the National Scientific Sample. Senate weights were not used for item
calibration. To ensure each state/territory was equally represented, a simple random sample
was drawn from each state/territory’s scientific sample to match the sample size of the
state/territory with the smallest sample (Northern Territory). The paper-based reading,
spelling, grammar and punctuation and numeracy tests were calibrated separately by domain
and year level, resulting in 16 separate calibrations.

For the online tailored tests, for each domain and year level, the calibration sample was a sub-
sample randomly drawn from all the available online data collected, with equal contribution
of students from each of the six participating state/territory. The sub-sample data were used
for calibration and equating purposes. For each of online reading, spelling, grammar and
punctuation and numeracy tests, items from all testlets within a domain and a year level were
calibrated in a concurrent analysis, also resulting in 16 separate calibrations. The calibration
of online grammar and punctuation was conditioned on which test the student sat (one of
three) as that was determined by their third testlet in the reading test.

In the estimation of parameters, all responses (R) from a non-participating student (absent,
withdrawn and exempt) were treated as missing. For participating students, the embedded
missing response (9), the first trailing missing response (9) and the invalid response (7) were
treated as wrong. Trailing missing responses (M) beyond the first were treated as missing
during calibration. Non-administered item data (R) on online tests were treated as missing
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data for calibration and not considered in all analyses.

For 2018 writing, there were two sets (for Day 1 and Day 2) of two writing tasks (Year 3/5
and Year 7/9 prompts). The resulting scripts from students who responded on paper or online
from the four different tasks were rated using the same marking rubric based on the ten
criteria. The writing test data from Years 3, 5, 7 and 9 were calibrated concurrently, based on
the partial credit model with the latent distribution conditioned on year level. The calibration
results were compared to parameters from previous NAPLAN cycles.

All calibrations were conducted using ACER ConQuest.

The Rasch item parameter estimates and statistics are summarised in Appendix B for each of
the 17 paper-based tests (with writing) and the online items in each of the 16 item pools for
the tailored tests. The item parameters shown in these tables are delta-centred for each test.
The 95% confidence interval from ConQuest output for the expected value of the Infit mean
square is also provided for each item.

5.3 Test Reliability and Average Item Discrimination
Test Reliability

Table 5.2 shows the coefficient alpha of each paper-based test. It should be noted that the
language conventions test is reported as two domains for each year level: (1) spelling and (2)
grammar and punctuation with 25 items each. While spelling items are in a constructed
response format, grammar and punctuation items are in a multiple-choice format for Years 3,
5 and 9 while Year 7 test include 2 constructed response items.

The coefficient alphas are between 0.78 and 0.87 for the paper reading tests, between 0.89
and 0.91 for the spelling tests, between 0.70 and 0.75 for the grammar and punctuation tests
and between 0.89 and 0.90 for the numeracy tests. The reliability for the writing test is 0.96.
The reliabilities are generally high with the exception of the reliabilities for the grammar and
punctuation tests. The shorter multiple-choice tests may explain the slightly lower reliability
for the grammar and punctuation tests.

Table 5.2. Coefficient Alpha for NAPLAN 2018 Paper Tests

Grammar and

Year Level Reading Spelling Punctuation Numeracy Writing*
Year 3 0.80 0.91 0.70 0.89
Year 5 0.78 0.91 0.68 0.90 0.96*
Year 7 0.87 0.91 0.75 0.90 '
Year 9 0.86 0.89 0.71 0.90

*For Years 3, 5, 7 and 9 together

The coefficient alpha of the online tailored test calculated from the data would not give a
good indication of the reliability as each tailored test was targeted to the students assigned
the test, so the group of students sitting for each test was from a narrow range of abilities.
Homogenous sample tend to result in low alpha which does not give a true indication of the
reliability of the test.

Average Item Discrimination
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Table 5.3 shows the average item discriminations for the paper-based reading, spelling,
grammar and punctuation and numeracy tests. The average item discriminations for the
reading tests range from 0.28 to 0.32. The spelling tests have the highest average item
discriminations, ranging from 0.48 to 0.53. The averages for the grammar and punctuation
tests are between 0.24 and 0.30, and those for the numeracy tests are between 0.39 and 0.42.

For the writing test, a small number of highly correlated, polytomously scored criteria used in
scoring across the span of grade levels usually result in high average item discrimination, 0.84
in 2018.

Table 5.3. Average Item Discrimination for NAPLAN 2018 Paper Tests

Grammar and

Year Level Reading Spelling Punctuation Numeracy Writing*
Year 3 0.30 0.53 0.28 0.42
Year 5 . . . .
ear 0.28 0.52 0.24 0.42 0.84*
Year 7 0.32 0.52 0.30 0.39
Year 9 0.32 0.48 0.25 0.39

*For Years 3, 5, 7 and 9 together

The item discrimination indices of the online tailored test items calculated from the
adaptive test data from homogenous sample groups would not give a good indication of the
item discrimination. Hence discrimination indices are not reported for online items.

5.4 Test Targeting and Item Spread

The purpose of the variable map (or Wright map) is to compare the distribution of student
locations (on the left side of the map) and the item thresholds (on the right side of the map).
Item, step and person parameters are plotted on a common scale on a variable map. Appendix
C provides the variable maps for each domains at each year level for the paper tests and
online tests. Please note that for the online tests, the maps are not for particular specific test
but displaying the distribution of student locations against the item difficulties of all the items
(in all testlets) within the domain online item pool at a year level.

For dichotomously scored tests, the maps are constructed so that a student has a 50% chance
of answering an item correctly when the item is at a difficulty level that is at the same level as
the student’s ability. On each variable map, the mean of the item estimates was centred at
zero. Students at the top end of the distribution have higher proficiency estimates, while items
at the top end are the more difficult items.

Figure 5.1 displays the variable map for paper-based Year 3 numeracy. That variable map
indicates that the current test had targeted the average numeracy achievement level of the
student group quite well. The distribution of student abilities (each X represents
approximately 5 students) matches up well with the distribution of item difficulties.

For the polytomously scored writing tests, the criterion difficulty of each of the ten rating
criteria is plotted in the middle panel with the latent ability distribution on the left-hand side.
The right-hand panel of Figure 5.2 shows locations of the Thurstonian thresholds of each item.
The notation a.b indicates threshold b of criterion a. The location of the threshold indicates
the ability level required for a student to have 50% chance of achieving category b or better on
criterion a. The variable maps show that the thresholds are well spread out and well separated.
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NAPLAN 2018 numeracy 3 - ltem Calibration Paper Test
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NAPLAN 2018 Writing - ltem Calibration Paper Test
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For online tailored tests, since the design was to improve test targeting to individual student
ability, it is not necessary for item spread within a tailored test to be as wide as a fixed test
designed for all students. Each tailored test would actually cater for a narrower range of
student abilities. Figure 5.3 presents an illustrative example. The figure shows the
information function for the NAPLAN 2018 easy Year 5 reading test path (A1B1C1). The
information function is plotted in a blue curve and the standard error of measurement in an
orange curve. The peak of the information function corresponds to the lowest standard error.
This peak shows the range on the scale at which the test information is highest and the
standard error of measurement is lowest. When moving away from this peak in either
direction along the scale, the test information decreases and the standard error of
measurement increases. The student ability distribution is shown in a bar below the horizontal
axis with the mean, the 5 and 95" percentiles indicated on the bar. The peak of information
function for this easy path (A1B1C1) corresponds to the middle of the ability distribution,
indicating that the test is well targeted to students allocated to this pathway.

Year 5 Reading
§ Information Function for Path A1B1C1

| \ / N
84 - 14
N \ /

12
of \ /
\ Measurement Error -~ 1.0 4

- 0.6

Information Function

Test Information

w I
\\
o
[+]
Measurement Error (logit)

S - 0.4

- 0.2

-6 =5 -4 -3 -2 -1 0 1 2 3 4 5 ° 0.0

Mean Ability Estimate

Sth %tile == a5th %tile

Year 5 Reading Scale (logit)

Figure 5.3. Year 5 Reading Information Function for Test Path A1B1C1

5.5 Item Fit

The evaluation of goodness of fit to the Rasch model for individual items was based on the
weighted mean square (Infit mean square) statistics. Infit compares the actual residuals to how
much of the variation is expected if the data fit the model. A value greater than the expected
value of 1.0 indicates that the item responses contain a greater amount of variability than
expected by the model, and a value below 1.0 indicates that the consistency between observed
data and model-based predictions is better than expected. We used an Infit value of 1.20 as the
criterion value for evaluating the goodness of fit of each item, i.e., Infit values greater than
1.20 indicate item under-fit. We also calculated classical item statistics (i.e., discrimination
and facility) for the purpose of item fit evaluation, specifying criterion values for
discrimination (based on item-rest score correlation) less than 0.25 and facility outside the
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range of 0.10 to 0.90. Values of the Infit mean square and classical item statistics of each item
can be found in Appendices B and C for the paper-based tests and online tests.

As mentioned in section 5.2., the ICC of each item shows a comparison of the empirical ICC
based on observations from ten equal-size ability groupings (broken line joining 10 dots) and
the expected model-based ICC (smooth line), and the two curves should display small or no
disparities for an item that has a good fit to the model.

Reading, Spelling, Grammar and Punctuation, and Numeracy

Item fit to the Rasch model was closely examined for reading, spelling, grammar and
punctuation and numeracy at each of the four year levels. As all items were trialled and
examined previously, few items should show misfit. Because of the large size of the
calibration sample, the confidence intervals for the Infit mean squares were rather narrow.

As an example, Table 5.4 presents a summay of item statistics in NAPLAN 2018 paper-based
tests with the number of items falling into two Infit mean square ranges of less than or equal
to 1.20, and greater than 1.20. It also presents the number of items with discrimination less
than 0.25 and the number of items with facility outside the range of 0.10 to 0.90. As seen
from the table, there were 12 items across 16 tests having Infit greater than 1.20. Regarding
classical test statistics, there was a total of 97 items (out of a total 551 items) across the 16
tests with discrimination less than 0.25. There were 20 items with facility higher than 0.90 and
27 items with facility less than 0.10. Figure 5.4 shows the ICC of one reading item (i.e., Item
x00093066) with an Infit statistic close to 1.01. In contrast, Figure 5.5 shows the ICC of one
reading item (i.e., Item x00093013) with an Infit statistic (i.e., 1.26) higher than the criterion
value (i.e., 1.20) for evaluating the goodness of fit of each item. The item parameter estimates
and statistics are summarised in Appendix B for each of the 17 paper-based tests (with
writing) and the online items in each of the 16 item pools for the tailored tests.

Writing

The evaluation of goodness of fit to the Rasch model for individual writing items was also
based on the weighted mean square statistics. None of the criteria exhibited misfit to the Rasch
partial credit model except for punctuation and spelling (i.e., 1.45 and 1.23, respectively).
Regarding the ICCs, there were not large differences between the empirical and the expected
curves for each of the ten criteria.
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Table 5.4. Summay of Item Statistics in NAPLAN 2018 Paper Tests

Total Number of Items Number of Items with  Number of Items with
. Year - PP . . L. -
Domain Level Number of  with Discrimination Infit Infit Facility Facility
Items <0.25 <1.2 >1.2 >0.90 <0.10
3 37 11 37 0 2 0
. 5 40 16 40 0 2 1
Reading
7 50 11 49 1 2 3
9 50 12 50 0 3 3
3 25 0 25 0 0 2
. 5 25 0 23 2 1 1
Spelling
7 25 23 2 0 1
9 25 0 25 0 0 2
3 25 7 24 1 2 0
Grammar and 5 25 11 25 0 1 0
Punctuation 7 25 8 24 1 1 0
9 25 9 25 0 1 0
3 36 0 36 0 1 0
5 42 1 42 0 2 2
Numeracy
7 48 5 48 0 1 4
9 48 6 43 5 1 8

Characteristic Curve(s) By Category
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Figure 5.4. Item characteristic curves for an item with Infit =1.01
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Characteristic Curve(s) By Category
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Figure 5.5. Item characteristic curves for an item with Infit = 1.26

5.6 Differential Item Functioning (DIF) Analyses for Paper Tests

The DIF by subgroup and DIF by state/territory analyses were performed only for paper-
based tests and not for the online tests. The participating online samples were not
representative of the jurisdiction populations and the online tailored tests were made up of
testlets assigned based on abilities, subgroup samples can be small and also not
representative.

According to Camilli and Shepard (1994), item response theory can be used to assess DIF.
Specifically,
[i]tem characteristic curves provide a means for comparing the responses of two different groups
... to the same item. A difference between the ICCs of two groups indicates that . . . examinees
[for the two groups] at the same ability level do not have the same probability of success on the
item. More technically, DIF is said to occur whenever the conditional probability, P(8), of a
correct response differs for two groups. (Camilli & Shepard, 1994)

In the analysis for NAPLAN, subgroups were arbitrarily categorized as either reference or
focal groups. While males, non-LBOTE students, and non-Indigenous students were assigned
to the reference group, females, LBOTE students, and Indigenous students were assigned to
the focal group for DIF analyses. As mentioned in Chapter 4, independent Rasch analyses
were then performed over the same set of items for each subgroup in order to examine any
DIF that exists between two subgroups (e.g., males vs. females). The mean item difficulty for
each subgroup was centred at zero to adjust for group differences in ability. The difference in
the relative item difficulties after adjustment is referred to as the adjusted difference.

For visual depiction of DIF, item locations of the reference group were plotted against those
of the focal group as seen from Appendices F, G and H (i.e., gender, LBOTE, and Indigenous
status, respectively). Each item is represented by one point on the plot. A diagonal line is
plotted as the reference line. If the relative item difficulty for an item is not different in the
two groups after taking their relative performance on the test into account, the point
representing the item will be on the reference line. The distance of a point from the diagonal
reflects the magnitude of DIF. Due to the large sample sizes, confidence bands were very
narrow and were not plotted on the charts.
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Finally, Table 5.5, Table 5.6, and Table 5.7 summarize the total number of items indicating
potential DIF with an absolute adjusted difference of 0.50 or greater for gender and language
background (LBOTE), and 0.60 or greater for Indigenous DIF. Figure 5.6, Figure 5.7, and
Figure 5.8 are examples of the potential DIF items.

Gender DIF

Appendix D presents the scatter plots for examining gender DIF in the five domains. The
plots for reading, spelling, grammar and punctuation, and numeracy are presented by year
levels. The writing gender DIF was performed by combining all four grades together. On the
whole, the plots indicate that there are few items that exhibit gender differences in the
adjusted item estimates and that any differences are not large and thus were not of great
concern.

Table 5.5 identifies the number of items that show potential gender DIF with an absolute
adjusted difference of 0.50 or greater for reading, spelling, grammar and punctuation, and
numeracy. Figure 5.6 shows as an example, one Year 3 numeracy item (Item x00085015)
with an absolute adjusted difference of 0.50 or greater. This item with a positive adjusted
difference indicates that the item was relatively easier (adjusted difference = 0.94) for male
students. Appendix D includes DIF plots that show for each of the items the observed curves
by gender group compared to the expected ICC.

Table 5.5. Number of Items Showing Gender DIF by Domain by Year Level (Paper
Tests)

Grammar and

Reading Spelling P . Numeracy
Year unctuation
Level Total of Total of Total of Total of Total of Total of Total of Total of
Test DIF Test DIF Test DIF Test DIF
Iltems Iltems Items Iltems Items Iltems Iltems Items
3 37 0 25 2 25 0 36 2
5 40 1 25 3 25 0 42 3
7 50 1 25 3 25 0 48 2
9 50 2 25 3 25 1 48 2

Expected Score Curve(s)

Legend

# ®  gencs Zitem 17
— Exproted e 17

Probability

[]
Latent Trait (logits)

aaaaaa
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Figure 5.6. Example of item characteristic curves displaying gender DIFt

T ‘gender 1’ indicates ‘Male’ and ‘gender 2’ indicates ‘Female’.

LBOTE DIF

Appendix E shows scatter plots for examining DIF due to language background in the five
domains by the four year levels. Writing LBOTE DIF was performed by combining all four
grades. These plots indicated that there were not many items that showed notable differences
in the relative item difficulties.

Table 5.6 indicates the number of items that show potential DIF with an absolute adjusted
difference of 0.50 or greater for reading, spelling, grammar and punctuation, and numeracy.
Figure 5.7 depicts one spelling item (Item x00090535) with an absolute adjusted difference of
0.50 or greater. This item was relatively easier (adjusted difference = 0.85) for non-LBOTE
students.

Appendix E includes DIF plots that show for each of the items, the observed curves by
language group compared to the expected ICC.

Table 5.6. Numer of Items Showing LBOTE DIF by Domain by Year Level (Paper
Tests)

Grammar and

Reading Spelling P . Numeracy
Year unctuation
Level Total of Total of Total of Total of Total of Total of Total of Total of
Test DIF Test DIF Test DIF Test DIF
Items Items Items Items Items Items Items Items
3 37 0 25 2 25 0 36 0
5 40 0 25 3 25 1 42 4
7 50 1 25 2 25 2 48 5
9 50 1 25 2 25 1 48 4

Welghted MNSQ 107

Probability

[

o]

D

tags): 272

0
Latent Trait (logits)

Figure 5.7. Example of item characteristic curves displaying LBOTE DIF'
T “Ibote Y indicates ‘LBOTE group’ and ‘lbote N indicates “Non-LBOTE group’.

-+

Legend
Bote N e 2

* Baoeliem 2

Emmted It 2
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Indigenous Status DIF

Appendix F includes scatter plots for examining Indigenous DIF in the five domains. Writing
Indigenous DIF was performed by combining all four grades. These plots showed that there
were not many items that showed notable differences in the relative item difficulties.

Table 5.7 lists the number of items that show potential Indigenous DIF with an absolute
adjusted difference of 0.60 or greater for reading, spelling, grammar and punctuation, and
numeracy. The larger threshold (i.e., 0.60 instead of 0.50) was used in order to identify only
the items that showed larger DIF. Figure 5.8 depicts one reading item (Item x00072751) with
an absolute adjusted difference of 0.60 or greater. This item was relatively easier (adjusted
difference = 0.64) for non-Indigenous students.

Appendix F provides the item DIF plots for items listed in Table 5.7. The plots show for each
of the items, the observed curves by Indigenous group compared to the expected ICC. In
interpreting the plots, it should be noted that there may not be many Indigenous students
along parts of the ability range. As a result, one would expect larger variability of empirical
probabilities (i.e., the dots connected by dashed lines) about the model-based curve (the solid
curves).

Table 5.7. Numer of Items Showing Indigenous DIF by Domain by Year Level

Grammar and

Reading Spelling P . Numeracy
Year unctuation
Level Total of Total of Total of Total of Total of Total of Total of Total of
Test DIF Test DIF Test DIF Test DIF
Items Items Items Items Items Items Items Items
3 37 7 25 0 25 5 36 0
5 40 6 25 0 25 5 42 3
7 50 7 25 1 25 6 48 8
9 50 4 25 0 25 2 48 8

. . Expected Score Curve(s)

Weighted MNSQ 0.06 bem 10 (00072751

Legend
| #6E0hea 10

& st e 0

= Ewpmcted tem 10

Probability

1 ]
Latent Tralt (loglts)
UeRals 3

Figure 5.8. Example of item characteristic curves displaying Indigenous DIF?

T <atsi 1’ indicates ‘Indigenous group’ and “atsi 0’ indicates ‘Non-Indigenous group’.

DIF values of individual items for gender, LBOTE, and Indigenous status are presented in
Appendix G.
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State/Territory DIF

The number of items showing statistically significant state/territory related DIF in paper-
based reading, spelling, grammar and punctuation and numeracy are shown in Table 5.8. In
the headings of Table 5.8, ‘E’ indicates that the item is relatively easier for the jurisdiction,
and “‘H’ indicates that the item is relatively harder for the jurisdiction. There were 13 potential
DIF in reading, 3 in spelling, 17 in grammar and punctuation and 32 in numeracy across all
four year levels across the jurisdictions. Table 5.8 can be read in conjunction with Appendix
G, from which the items showing state/territory related DIF can be identified. For example,
from Table 5.8, there were three items in Year 3 reading showing DIF in NT when compared
to the national level, with all three items (x00076471, x00078243, and x00076474) being
harder for NT, as seen from Appendix G.
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Table 5.8. Number of Items Showing State/Territory DIF by Domain by Year Level

] vear | ACT NSW NT QLD SA TAS VIC WA
Domain Level

E|H|/E|H|E|H|E|H|E|H|E|H|E|H|E]|H

3 - - ofojo(3jo0ofo0ojofo0ojofo0ojo0of1y0¢o0

. 5 - - ojojo|210y010(0(0f0f0j0j}j0]O0
Reading

7 - - i1/0(0|2|0jO0O|O0O]JO|O]jO2]O0O|O0]O

9 - - o(ojofojofojofojo|o0oj1 1103

3 - - ofojofo0ojofojofo0ojofo0ojo0ol0o0jo|o

. 5 - - ojojojojojo0jo0fofjofofojojojo
Spelling

7 - - ofojofojofojofojofojolojo|o

9 - - ofojofojofojofo0ojofo0ojo0ol0o0jo0|o

3 - - oyjojo|j201010(0(0(0O(0Oj0}j0]O0

Gr‘:\r:(;“ar 5 - - ofojofz2j0(0j0f0jo0o|0j0l0O0j0O0]|oO0

Punctuation| 7 - - o(oj1(0j0|0j0O0O|O0O]O0O|O0]1 1101

9 - - 0O0(0]0|O0]1 110(0]O0O|O0O]O|O0O]O0O]2

3 - - i1/0(0|j]O|O]JO|O]J]O|O]jO|O]O|O0O]O

5 - - ofojofojofojofojofojolojo|o

Numeracy
7 - - 210;0|J0}j1)j]0]0|0}]0|0]j]0|0]0]|O0
9 - - 2|12|0|0]J0O]j]O0O]JO]JO)JO)JO)JO]JO]|2]|3

Note. ‘E’ indicates that the item is relatively easier for the jurisdiction, and ‘H’ indicates that the item is
relatively harder for the jurisdiction.

To examine the state/territory DIF for the writing test, the expected score curves of ten
rating criteria were plotted for the eight states/territories in Appendix H. None of the criteria
showed notable differences across states/territories.

51



CHAPTER 6 EQUATING PROCESS

The delivery of the online “tailored” tests alongside the paper-based tests for the first time in
NAPLAN 2018 presented new challenges in data analyses including the equating of the
online tests to the paper scales and then to the NAPLAN historic scales. About 15% of the
students sat for the online tests and about 85% the paper tests. This chapter will first describe
the process of equating to the NAPLAN historic scales for the paper tests followed by the
process of equating the online tests to the paper tests and the final equating process to the
NAPLAN historic scales.

NAPLAN results are reported using five national achievement scales, one for each of the
assessed domains of literacy — reading, writing, spelling and grammar and punctuation, and
one for numeracy. The vertical and horizontal equating design for the paper tests is
represented schematically in terms of data matrix in Figure 6.1. Each year in NAPLAN, with
paper-based tests, the scales are vertically equated so that each NAPLAN achievement scale
spans Years 3, 5, 7 and 9; i.e., there is a single scale for each assessment domain. All
assessments other than writing include a subset of common items in tests administered to
adjacent year levels; i.e., Years 3and 5, Years 5 and 7 and Years 7 and 9. The responses to
the common items are represented as the shaded columns in Figure 6.1 that overlap between
adjacent year levels. For the purpose of monitoring student achievement over time, the
NAPLAN 2018 scale for each domain needs to be horizontally equated to the historic
NAPLAN reporting scale.

Because NAPLAN paper-based test materials have been considered to be in the public
domain after the tests are administered, it has not been possible to use horizontal link (or
historical) items to equate the paper tests over time. Instead, a common-person equating
design is used. The secure equating test forms used for horizontal equating in 2009 through
2017 were used for common-person equating again in 2018 for the paper tests, noting that
some of the secure forms have been modified or updated. Students from Years 3,5, 7 and 9
in the equating sample were administered the secure equating forms at their year level two
weeks prior to the NAPLAN 2018 paper test forms. The response data on the equating test
were used to equate the 2018 paper tests onto the existing NAPLAN reporting scales.

The horizontal equating test provides one basis for placing the NAPLAN 2018 Year 3, Year
5, Year 7 and Year 9 tests on the vertical NAPLAN scale for each domain because newly
estimated item locations for the secure forms can be compared to the item locations of the
same items on the historical scale as estimated in 2009. The common items in the tests
administered to adjacent year levels also provide a basis for directly comparing item locations
across year levels. As in previous years, the results of common person horizontal equating
were checked against the results of 2018 common-item vertical equating and both sets of
results were taken into consideration in finalising the scaling of the reading, spelling,
grammar and punctuation and numeracy tests.

The writing prompt of NAPLAN can be either persuasive or narrative. From 2008 to 2010 the
prompt was narrative; from 2011 to 2015 a persuasive prompt was used. In 2011, a
persuasive writing scale, separate from the narrative scale, was introduced. NAPLAN 2016
employed a narrative test. New analytical methods were used in 2016 to put the results of the
narrative test onto the existing persuasive writing scale, creating a NAPLAN writing scale
comparable for both genres for writing performance from 2011. Results of the persuasive
writing tasks in 2017 were reported on the NAPLAN writing scale as established in 2011.
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Starting from 2015, one task was administered to Year 3 and Year 5 students and a different
task was administered to Year 7 and Year 9 students. Scripts from the two different writing
tasks were rated using the same marking rubric based on the ten criteria. In 2018, there were 2
sets of 2 persuasive writing tasks to manage the provision of two testing days for students
responding to the writing tasks online. The scripts from the four different tasks were rated
using the same marking rubric. The resulting scale was equated to the NAPLAN writing
scale. The process of equating for writing is described in section 6.5.

6.1 Horizontal Equating Shifts for Reading, Spelling, Grammar and Punctuation and
Numeracy (Paper Tests)

The horizontal equating design for all paper tests other than writing involved a two-step
procedure that combines common-person and common-item test equating methods. The
common-person equating was achieved through the equating sample. The equating was
carried out using secure equating forms that were administered with the NAPLAN 2018
paper tests for reading, spelling, grammar and punctuation and numeracy. Each student in the
equating sample completed an equating form two weeks prior to the NAPLAN 2018 paper
tests. Figure 6.1 shows the horizontal equating design for each of reading, spelling, grammar
and punctuation and numeracy at each year level.

The equating form for each domain at each year level had already been scaled onto the
historic NAPLAN scale in 2009. The first step was to place the NAPLAN 2018 paper test
and the equating form on the same scale, for each domain at each year level, using the
common-person equating data. This was achieved through a joint calibration of the data from
the NAPLAN 2018 paper tests and the corresponding equating forms for each year level and
domain. The second step was to equate each of the NAPLAN 2018 tests onto the historic
NAPLAN domain scale using the relevant equating form through the process of common-
item equating.

Equating Tests (2009) NAPLAN 2018 Paper Tests
Group Y3 Y5 Y7 Y9 Y3 Y5 Y7 Y9
Y3
Y5
Y7
Y9
Y3 EQ EQ
Y5 EQ EQ
Y7 EQ EQ
Y9 EQ EQ

Figure 6.1. Equating design for each assessment domain

The vertical scales were originally established in 2008. In each new calendar year, common
items are included in the tests for adjacent year levels and new vertical equating shifts are
estimated using the common items that work well as link items (that is, common items that
show equivalent psychometric properties across year levels). While the vertical equating
shifts are not strictly necessary for placing the NAPLAN 2018 results on the historical
scale—because the horizontal shifts place each year level onto the common historical scale
for all year levels—the vertical shifts are used to check and improve the horizontal shifts.
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This method is described in more detail in section 6.4.

6.2 Calibrations of the Equating Forms and Item Reviews

Test calibrations were carried out separately for each of the 16 equating test forms (four
domains at four year levels). The equating form and the corresponding 2018 paper test were
jointly calibrated for each domain and each year level using the combined common-person
equating data and anchoring on the delta-centred item parameters of the 2018 test on the 2018
preliminary scale.

The analyses of the equating data described above provided a set of item parameters on the
preliminary NAPLAN 2018 scale for each of the equating forms. The set of 2018 equating
form item estimates was then compared with the item estimates of the 2009 equating forms
which were on the historic NAPLAN scale. Items were considered for deletion as links if they
functioned poorly (based on Mean Square indices and 1CCs) and/or if their relative locations
differed by an absolute value of greater than 0.3 compared with their locations on the original
2009 scale for the relevant secure form.

Figure 6.2 to Figure 6.17 show the comparisons of the 2009 item parameter estimates and
2018 item parameter estimates for each of the 16 equating tests. Each figure shows a pair of
scatter plots of the linked items, before and after review, in each domain and for each year
level. Ideally, the bivariate points would follow the identity line, which is shown in each
figure for reference as a thick, red line. A second, thinner line in grey, is the line that fits the
dots in the scatterplots best.

Equating items that were modified over time had been omitted from the horizontal linking
process.
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Figure 6.2. Horizontal link item review for Reading equating form Year 3 (2018 vs. 2009)
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Year 9 Reading Equating Form - Before Review
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Figure 6.5. Horizontal link item review for Reading equating form Year 9 (2018 vs. 2009)
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Figure 6.17. Horizontal link item review for Numeracy equating form Year 9 (2018 vs.
2009)

After the review and evaluation of the equating items, a final set of link items was identified
for each domain and year level. The final sets of link items were used to calculate the shift to
equate the 2018 equating forms onto the historical NAPLAN reporting scale, thus aligning
the NAPLAN 2018 tests on the historic NAPLAN reporting scale. However, as mentioned
earlier, these shifts were improved in a second step by taking the estimated vertical equating
shifts into account (see next sections).

Table 6.1 shows the horizontal shift-constants for each domain at each year level. Each of the
shifts, calculated based on the final set of link items, would put the 2018 equating test on the
same NAPLAN historic domain scale that the 2009 equating test is on.

Table 6.1. Horizontal Equating shifts Shifts between 2018 Item Locations and 2009 Item
Locations

Grammar and

Year Level Reading Spelling Punctuation Numeracy
Year 3 0.109 -0.541 0.316 -1.067
Year 5 1.220 1.179 1.104 0.593
Year 7 1.928 2.194 1.366 1.833
Year 9 2.123 3.471 2474 2.954

The horizontal equating of each of the NAPLAN 2018 domain scales in reading, spelling,
grammar and punctuation and numeracy to the corresponding historical NAPLAN scales had
provisionally put each of the tests on the vertical NAPLAN scales. The locations of the year-
level tests on the scale based on the horizontal equating results were compared with their
relative locations based on the vertical equating results. Both sets of results were taken into
consideration in determining the final shifts. The vertical equating of the 2018 tests is
described in the next section.

6.3 Vertical Equating Shifts for the NAPLAN 2018 Paper and Online Tests

As in previous years of testing, the NAPLAN 2018 reading, spelling, grammar and
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punctuation and numeracy tests were vertically linked across Years 3, 5, 7 and 9 by common
items embedded in tests in adjacent year levels; i.e., Year 3 and Year 5, Year 5 and Year 7,
and Year 7 and Year 9 in both the paper tests and online tests.

In 2018, it was decided to take advantage of the two sources of data, paper and online, to
estimate the vertical equating shifts. This was possible because for each domain and year
level, most of the items on the paper tests were also on the online tests. More specifically, the
NAPLAN paper test items were developed largely as a subset of the NAPLAN Online items.
In reading, between 80-92% (depending on year level) of items in the paper test were also in
the online tests; in numeracy, between 98-100% of items in the paper test were also in the
online tests; and, in grammar and punctuation, between 84-100% of items in the paper test
were also in the online tests. Spelling featured a lower percentage of items in common due to
the inclusion of dictation items in the online test, with 56-68% of items in the paper test also
included in the online tests.

The link items from both sources could be used for a combined vertical equating only if they
were on the same scale. Prior to the equating to the paper scales by anchoring, the common
items between the paper and online tests for each domain and each year level were reviewed
to make sure that the linking set used contained good link items. Separate Rasch calibrations
were conducted for the online and paper tests and the item parameters for common items
were compared across the two modes. The results of the analysis showed that the item
parameters were highly correlated (Pearson correlation range from .96 to .99), supporting the
conclusion that both modes measured the same construct.

Following confirmation of the invariance of the item functioning, each online domain test
(other than writing) at each year level (including all testlets) was calibrated anchored on the
paper year-level delta-centred item parameters to put the online parameters on the same scale
as the paper tests.

The quality of these common items in functioning as equating links between year levels was
then systematically reviewed for each domain. Only items that showed satisfactory and
similar psychometric properties in the adjacent year levels were used as link items when
scaled separately for each year level.

A common item was considered for omission (i.e. not to be used for vertical linking
purposes) based on the fit of the item and evidence for Differential Item Functioning (DIF).
As there were usually not many common items in the paper tests between year levels, it was
usually agreed to maximize the number of links retained where possible as in previous years.
Review of the vertical link items was undertaken in steps outlined below:

Step 1. Initial cross-year scatterplots with all items were examined to ascertain the overall
correlation and to note any patterns and outliers.

Step 2. Each item was checked for misfit at each year level based on how well items
discriminate between high and low performing students. Discrimination was checked by
inspection of the ICC and graphical fit, fit statistics and the item-rest correlations. Items that
show pronounced misfit in either year level form were omitted from the linking set.

Decisions to omit items due to misfit were not based on any one indicator in isolation; rather,
decisions were based on all available evidence concerning the functioning of each item. Items
that fail some criteria are normally excluded from the linking set but may have been retained
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if the total number of functioning links was relatively small.

Step 3. Items were omitted if they showed cross year-level DIF. The impact was judged
based upon changes in the shift constant and the slope of the best fit line. Items were
considered for exclusion from the linking based on DIF if the absolute adjusted difference
was greater than 0.3 and if the absolute standardised difference was greater than the criterion
set. In such cases, these items were treated as different items in each of the year levels.

After each stage, the cross-year level scatterplot was evaluated with a focus on the agreement
of bivariate data with the identity line. The ratio of the standard deviations of the item
locations was checked for each adjacent year level (e.g., Year 3 SD/Year 5 SD). Ideally the
ratio should fall between 0.9 and 1.1.

This link-item review procedure was the same for NAPLAN paper tests and online test.

Three sets of link items (Year 3/Year 5, Year 5/Year 7, Year 7/Year 9) were reviewed for
each of the four domains. In each domain, the items administered to each year level were
calibrated separately. The reviews identified sets of good link items for the vertical equating
of tests in adjacent year levels. The review was performed for the paper tests and then for the
online tests.

After the online items were placed on the paper scale for each domain and year level, the
three sets of vertical equating of adjacent year-level scales proceeded using both the paper
vertical linking items and the online vertical linking items in each set of equating. The
incorporation of online items into the vertical equating increased the robustness of the
vertical equating when compared with previous years. This is because the vertical equating
was based on larger numbers of link items than had been the case in previous NAPLAN
cycles (refer to Table 6.2 for a summary of the numbers of vertical link items by domain and
year level in 2018).

For each set of adjacent year-level scales, mean item parameters of the link items were
calculated for each of the two-year levels. The vertical shift is the difference between the two
means.

For each pair of adjacent tests, one set of item parameters (e.g. of Year 3 link items from both
paper and online tests) was then plotted against the other set of item parameters (of Year 5
link items from both paper and online tests.) Two plots are presented below for each review:
one plot for the set of link items to be reviewed and one plot for the retained link items after
review. On the plots, each dot represents a common item. The 24 plots are shown in Figure
6.18 to Figure 6.29.
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Figure 6.26. Vertical link item review for Grammar and Punctuation between Year 7 and
Year 9

69



Chapter 6

Equating Process

Numeracy Item Parameters - Before Review
35

3.0
25 -
20 -
15
1.0
0.5

0.0

Vertical link items - Year 5

0.5

y =0.9597x+ 0.0022
R*=0.93%6

1.0 15 2.0 25 3.0 3.5

Vertical link items - Year 3

-5 -1.0 05 0.0 0.5

Vertical link items - Year 5

35 4

30

2.5

20

15

1.0

0.5

0.0

Numeracy Item Parameters - After Review

R? = 0.9606

05 00 05 10 15 25

Vertical link items - Year 3

2.0

y =0.9884x + 0.0005

3.0

3.5
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Figure 6.29. Vertical link item review for Numeracy between Year 7 and Year 9

The numbers of vertical links used and retained for each adjacent pair of year levels are shown
in Table 6.2. Appendix J presents the 2018 item locations (Rasch difficulty parameters),
standard errors, and differences in the item locations by domain for each adjacent pair of year

levels.

Table 6.2. Vertical Link Review Summary

Year 3/5 Year5/7 Year7/9

Domain No. L_inks Tota! No. No. L_inks Tota! No. No. L_inks Tota! No.

Retained of Links Retained of Links Retained of Links
Reading 26 40 25 29 23 35
Spelling 16 29 22 31 15 28
Grammar and
Punctuation 17 26 13 22 14 23
Numeracy 30 34 34 39 38 47

The mean shifts between two adjacent year levels for each of the four domains are shown in

Table 6.3.
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Table 6.3. Vertical Shift Constants

Grammar and

Shift Reading Spelling Punctuation Numeracy
Year3to5 -0.817 -1.656 -0.937 -1.490
Year5t05 0.000 0.000 0.000 0.000
Year7to 5 0.760 0.927 0.601 1.180
Year9to7 0.291 1.053 0.832 1.108
Year 9to 5 1.051 1.980 1.433 2.288

The final equating parameters to place the 2018 tests on each of the historical NAPLAN
domain scales were determined by taking both of the horizontal equating shifts and the
vertical equating shifts into consideration. The procedure and results are described in Section
6.4.

6.4 Comparing and Combining Horizontal and Vertical Equating Shifts

The NAPLAN scale spanning Years 3, 5, 7 and 9 was established in 2008 through vertical
equating of the year level tests. The horizontal equating forms for each year level provide one
basis for placing the NAPLAN 2018 tests on the vertical scale for each domain. The
horizontal equating forms were first used in 2009 and re-used every subsequent year.

It is useful to check the relative locations of the NAPLAN 2018 tests for each year level on
the NAPLAN scale by comparing the horizontal shifts with the vertical shifts. Figure 6.1
depicts the horizontal and vertical equating design schematically. In principle, each year-level
test can be equated directly on to the NAPLAN scale through the horizontal equating shifts
without the vertical equating shifts. The vertical equating, however, served as a quality
assurance check and as a tool to fine tune the horizontal shifts.

The equating process that has been used in previous years of NAPLAN was designed to take
into consideration both vertical equating and horizontal equating. In 2018, this process was
used again to establish final locations of the reading, spelling, grammar and punctuation and
numeracy tests on the NAPLAN reporting scales. By first equating the online tests to the
paper tests through the previously described common item anchoring method for each
domain at each year level, the equating shift estimated by the regression method described
below was applied to online tests as well.

In this section, the results of the horizontal equating shifts of paper tests to the NAPLAN
historic scale are compared with the vertical equating shifts using a combination of paper and
online vertical link items. Specifically, the vertical and horizontal shift constants are plotted
for each of the four year-level tests in each domain. The regression-based comparison
indicates where there is any divergence. Ideally, any case of divergence between the
horizontal and vertical equating shifts would be resolved to the degree possible through
checking each specific component of the linking process.

Figure 6.30 shows the plots of the relative positions of the four 2018 tests (Years 3, 5, 7 and
9) based on the common-person horizontal equating to the NAPLAN scale (vertical axes)
against their relative positions centred at Year 5 based on the common-item vertical equating
(horizontal axes). The regression equation and R-square are shown at the bottom-right corner
of each plot. There is one plot for each of reading, spelling, grammar and punctuation, and
numeracy.
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Ideally, each regression line would have a slope of 1.0 and pass through all four points, showing
perfect correspondence of the two methods. It can be seen from the plots that this is not always
the case. The best fit lines for Spelling and Numeracy show that the horizontal equating and
vertical equating align well. For Reading, Year 5 was a bit further from the line, and it was
decided to base the regression on equating results from Years 3, 7 and 9 and based the Year 5
shift on horizontal equating. For grammar and punctuation, Year 7 was the outlier and the
regression was based only on year 3, 5 and 9 while Year 7 shift was extrapolated.
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Figure 6.30. Comparisons of horizontal and vertical shifts
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Table 6.4 displays the intercepts and slopes for the regression-based combination of the
vertical and horizontal equating shifts.

Table 6.4. Regression Intercepts and Slopes

Regression Reading spelling Grammar and Numeracy
Coefficient Punctuation

Intercept 1.022 1.232 1.147 0.552
Slope 1.103 1.098 0.914 1.065

As in previous years, the final equating shifts were calculated using the regression lines of best
fit

y=a+bhx (6.1)

where y is the final shift onto the NAPLAN scale; x is the Year-5 centred shift based on
vertical equating; b is the regression slope; and a is the regression intercept. In other words, the
final equating shift that places the 2018 results for each year level onto the historical scale is
equal to the estimated horizontal shift from a regression of the observed (computed) horizontal
shifts onto the observed (computed) vertical shifts.

The final, regression-based shifts for each domain calculated using Equation 6.1 are shown in
Table 6.5 by year level. These equating shifts were applied to paper tests and online tests in
Years 3, 5, 7 and 9 to put the tests on the NAPLAN historic scale.

Table 6.5. Final Shifts Applied for Equating NAPLAN 2018 onto the NAPLAN Historic

Scale
Year Level Reading Spelling Grammar_and Numeracy
Punctuation
3 0.120 -0.586 0.290 -1.035
5 1.220 1.232 1.147 0.552
7 1.860 2.250 1.507 1.808
9 2.181 3.408 2.457 2.988

Examination of Online Achievement Results

On application of the equating shifts to the online tests, the performance of the cohort of schools
undertaking the online tailored tests could be compared to the performance of that same cohort
of schools in NAPLAN 2017. Additionally, ACT had 85% of their schools participating in the
NAPLAN 2018 online tailored test, and so the ACT’s 2018 online results in each domain and
year level were compared to its NAPLAN 2017 results.

Following application of the standard equating methodology and the shifts described in the
previous section, mean scale scores for the cohort of online schools were found to be outside
of the historical bounds of year-on-year variation for that same cohort of schools. The extent
of these inconsistencies varied by year level and domain. To address this variability, the
decision was made by ACARA to rescale the NAPLAN 2018 online cohort scale score
distributions to have the same mean that was observed in NAPLAN 2017 for that same
cohort of schools. This decision was taken on the basis of historical evidence supporting the
assumption that population estimates should not change significantly in consecutive years.
This mean-shift adjustment was applied to each year level for each domain other than
Writing. Additionally, a scaling factor was applied to the distributions of online scores,
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consistent with the method used to scale the paper results each year. Details of the process of
calculating and applying scaling factors are provided in Section 7.2. These two
transformations, when applied in combination, are generally known as a linear transformation
or linear shift.

While some differences were expected between performance scores on the paper and the
online tests because the adaptive nature of the online test which in theory improves
estimation of performance at the top and bottom end of the scales, further investigation
revealed that the initial linear adjustment did not sufficiently resolve inconsistencies with
historical performance at higher distributional moments for some domains and year levels,
with certain standard deviation and percentile values identified as being outside of historical
levels of variation. Specifically, it was determined that for Year 7 Reading, Year 9
Numeracy, and all year levels for Grammar and Punctuation, a different equating process
should be applied to account for the larger than expected distributional differences that were
observed.

Two-moment steady-state equating was applied to these selected year levels and domains. A
preliminary step was undertaken to calculate (but not apply) a linear transformation between
the 2017 and 2018 score distributions for the cohort of schools that undertook NAPLAN tests
on paper in both 2017 and 2018. The linear transformation derived from this preliminary step
was then applied to the 2017 scale score distribution for the online cohort of schools (who
had also undertaken the tests on paper in 2017) to establish a projected mean and standard
deviation for the 2018 online cohort. This step was undertaken to ensure that any systematic
change observed for the cohort undertaking the tests on paper between successive calendar
years was also applied to the online cohort, thus mitigating the introduction of additional
systematic variation between outcomes across the two test modes. In other words, the
projected (Gaussian) distribution reflected the distribution of scores that the online cohort
would have been expected to attain had they undertaken the 2018 tests on paper. An inverse
normal transformation of percentile ranks was then applied to transform the online students’
scale scores onto the projected scale score distributions. The same transformation was applied
to the item parameters in each of these domains and year levels to ensure that both students’
scales scores and item difficulty scale locations were appropriately aligned.

Further scrutiny of the comparability of online school cohort performance with historical
performance across the full score distribution and across jurisdictions led to an additional
adjustment to the Grammar and Punctuation scale score distributions. Specifically, ACARA
determined that scale scores falling below the national minimum standard were to be
upwardly adjusted by the equivalent of around one standard error in order to address changes
in the distribution of scores near the national minimum standard that were outside of the
bounds of historical variation, but only to the extent that these adjustments were still within
the bounds of measurement error associated with student scale scores. These adjustments
were applied to both the Plausible Values and the WLE estimates to maintain consistency
across all levels of NAPLAN reporting.

While NAPLAN results are comparable between assessment modes and previous years,
individual student experiences of NAPLAN may differ due to a range of factors, including the
mode of delivery or a student’s performance on the day. For example, the Year 9 writing
results appeared, on average, to favour online students. This is likely attributable to students’
ability to revise, edit and improve their writing which is an identified advantage of online
testing. It was agreed not to make any adjustments to the online scale for writing. More detail
about equating of writing is included in the next section.
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6.5 Calibration and Scaling of Writing

Background

As noted earlier, in 2018 two sets of two persuasive writing tasks were administered as part of
NAPLAN. The rating of NAPLAN 2018 writing for all participating year groups was based
on the same 10 criteria and the same marking guide used from 2011 through 2015 and 2017.

Raw score summary

Table 6.6 present the distributions of raw scores by year level for both calibration sample and
census data. The distributions of raw scores shown were very similar from 2011 to 2018.

Table 6.6. NAPLAN 2011 — 2018 Writing Raw Score Distribution by Year Level

Calibration Sample

Census Data

Test  Year N Mean SD N Mean SD
Year Level
2011 3 1066 18.14 508 252001 10.42 512
5 1131 23.56 590 258563 24.74 5.79
7 2510 26.95 705 261475 28.67 6.53
9 2401 30.31 810 244772 31.97 7.54
2012 3 10487 18.73 515 259654 19.43 4.96
5 9644 23.70 571 240421 24.28 5.58
7 20751 27.56 645 263986 27.72 6.36
9 29151 30.60 745 253924 30.76 7.46
2013 3 10178 18.83 531 262679 19.43 5.25
5 10008 23.80 597 258562 24.35 5.68
7 19321 27.53 6.64 261373 27.60 6.45
9 30230 30.69 761 254470 30.76 7.66
2014 3 10709 18.23 516 274335 18.41 5.24
5 10337 23.52 554 263872 23.57 5.59
7 19038 27.18 6.24 242127 27.16 6.37
9 28305 30.67 704 255770 30.47 7.50
2015 3 11399 18.86 500 285722 19.46 5.03
5 10671 23.91 553 267506 24.36 5.34
7 26411 27.01 634 258021 27.12 6.44
9 28348 26.07 638 253216 30.18 7.48
2016 3 11570 18.94 463 292494 19.46 457
5 10879 23.19 502 279513 23.54 4.90
7 27107 26.69 572 264959 26.62 5.83
9 26360 29.50 654 235206 29.36 6.74
2017 3 11533 18.63 511 291019 19.23 4.90
5 11410 23.50 562 290808 23.88 521
7 26809 27.24 6.68 268162 27.29 6.53
9 26958 30.54 792 252034 30.63 7.72
2018 3 10111 17.85 547 249623 18.73 523
5 9967 22.44 590 251759 23.23 5.48

76



Chapter 6 Equating Process

7 24901 26.11 6.34 236083 26.57 6.32
9 26014 29.13 7.49 213770 29.67 7.40

Equating Methodology

The equating of NAPLAN 2018 writing to the NAPLAN writing scale was conducted by the
University of Western Australia (UWA) using a pairwise comparison methodology.
Appendix K provides a summary of the UWA NAPLAN 2018 Pairwise Equating Summary.
In previous years, identity equating had been recommended and employed. Identity equating
implies that no scale shift is warranted. In 2017, the narrative writing calibration was
performed by anchoring on the item difficulty locations to the values estimated in 2015.

Figure 6.31 shows the comparison graph of criterion delta locations between 2011 and 2018
and Figure 6.32 shows the comparison graph of criterion delta locations between 2015 and
2018. The graphs, with identity lines, show that the 2018 deltas are very similar to those from
2011 and those from 2015.

The decision was taken to use 2015 item parameter estimates and the corresponding raw
score to scale score estimates for person locations for the purpose of reporting.
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Figure 6.31. Writing deltas for 2018 against 2011
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Writing Criterion Deltas
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Figure 6.32. Writing deltas for 2018 against 2015

6.6 Estimating Standard Errors of Equating

Multiple steps were involved in the equating of reading, spelling, grammar and punctuation
and numeracy. A standard error was estimated for each step. The standard errors were
combined on the assumption that the errors from the steps are independent.

The errors considered in the equating processes over the course of the program are shown in

Figure 6.33.
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Equating Test (2018)
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Figure 6.33. A schematic of the equating errors accumulated across NAPLAN
administrations.

For each domain and year level:
e SEais the standard error associated with equating the offshore equating form and
the 2008 NAPLAN test;

e SEp is the standard error associated with equating the onshore equating form and
the 2009 NAPLAN test;

e SEcis the standard error associated with equating the offshore and onshore
equating forms;

e SEceqs) is the standard error associated with equating the NAPLAN 2018 test
with the equating test (calibration to equating);

e SEceqy) is the standard error associated with equating the NAPLAN 2017 test
with the equating test (calibration to equating);

e SEceqs) is the error associated with equating the NAPLAN 2016 test with the
equating test; and

e SEee(1817) is the standard error associated with equating the 2017 and 2018
administrations of the equating test (equating to equating); and so forth

For reporting results of NAPLAN 2018, the equating errors for equating the 2018 scale to the
2017, 2016 and 2008 scales are estimated by combining the relevant standard errors as follows:
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SE3018t02017 = \/SEcze(17) + SEZo18) T SEéo(1817)

SE3018t02016 = \/SEcze(lﬁ) + SEZo(18) T SEl.(1816)

SE3018t02008 = \/SECZL +SEZ + SEeZe(1809) + SEcze(18)

It was decided in 2011 to include component ¢ of equating error, associated with the offshore
testing, in equating back to 2008. The reason is that even though most items are in common
with the equating form in 2009 and subsequent years, a different population of persons
attempted the items in the offshore equating exercise. Component ¢ was included again in
2018.

Table 6.7 shows the standard errors of equating associated with each test domain and year
level in logits.

Table 6.7. Standard Errors of Equating

Domain Year 2018 to base 2018 to 2017 2018 to 2016
3 0.070 0.053 0.050
Readin 5 0.072 0.075 0.056
9 7 0.052 0.035 0.033
9 0.056 0.036 0.034
3 0.137 0.201 0.191
Writin 5 0.137 0.201 0.191
9 7 0.137 0.201 0.191
9 0.137 0.201 0.191
3 0.089 0.063 0.070
spellin 5 0.106 0.060 0.061
petiing 7 0.102 0.052 0.056
9 0.099 0.054 0.055
3 0.108 0.086 0.085
Grammar and 5 0.107 0.076 0.061
Punctuation 7 0.093 0.052 0.058
9 0.081 0.055 0.051
3 0.081 0.065 0.065
NUmerac 5 0.075 0.044 0.041
y 7 0.054 0.039 0.033
9 0.058 0.040 0.048

*The base year for grammar & punctuation, numeracy, reading and spelling is 2008; base year for writing is 2011.
**The Writing equating error was calculated based on the pairwise equating data in a manner consistent with keeping the
item parameters constant.

The equating errors are taken into account, together with sampling and measurement errors,
in estimating the standard errors used to determine statistical significance in the comparisons
between mean scores across years in NAPLAN reports. The equating errors are not included
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when estimating standard errors of estimates used to determine statistical significance in the
comparisons between mean scores of different subgroups on NAPLAN 2018. In estimating
standard errors for percentages at or above minimum standards, the equating errors were
applied to the cut-points for proficiency bands.
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CHAPTER 7 REPORTING OF NAPLAN PERFORMANCE IN 2018

NAPLAN 2018 achievement scores for reading, numeracy, spelling and grammar and
punctuation were reported on the NAPLAN vertical scales as they were for NAPLAN
administrations 2008 through 2017. The NAPLAN 2018 writing achievement scores were
reported on the same scale as the writing assessments from 2011 through 2017. This was
made possible by applying the equating shifts and scale transformations necessary to bring
the 2018 logit scores for each test in each domain onto the NAPLAN reporting scale, the
details of which are reported in previous chapters. As in previous years, student results were
reported against proficiency bands. The cut-points for proficiency bands established for
NAPLAN 2008 reporting were used for NAPLAN 2018 as in previous cycles. The scale
equating enabled achievement scores to be compared across NAPLAN administration years
for reading, numeracy, spelling and grammar and punctuation and across 2011 to 2018 for
writing. Additionally, it enabled the achievement scores from sitting the 2018 online tests to
be compared with scores obtained from sitting the paper tests.

7.1 Proficiency Estimates

As for previous NAPLAN cycles, population statistics for the reporting of NAPLAN 2018
achievement at the state/territory and national levels were estimated using plausible values. In
this approach, student achievement is not estimated as a single value or point estimate such as
one would do using weighted likelihood estimates (WLES). Instead, a range of values from
the posterior distribution is generated for each student. The plausible values represent a
random selection from this distribution.

Using plausible value methodology to obtain proficiency estimates for populations and
subpopulations is a standard approach in large scale national assessment programs, as well as
in international assessment programs such as the Programme for International Student
Assessment (PISA). An introduction to the conceptual basis of plausible values and
calculations involving them in the context of PISA is described in a report from the
Organisation for Economic Co-operation and Development (OECD, 2009).

Paper tests

Five plausible values were drawn for each student in each domain using ACER ConQuest.
The plausible values for reading, spelling, grammar and punctuation and numeracy were
drawn concurrently, based on a multidimensional item response model with latent regression
(Wu, et al, 2007). In drawing the plausible values, conditioning variables were used as
regressors in the model. The regression model used 2018 was the same as that used in
previous NAPLAN cycles. The conditioning variables used in the model were gender,
LBOTE status, Indigenous status, parental education, parental occupation, school
geolocation, school sector, and the school reading WLE average score as a measure of
average proficiency at the school level. A diagrammatic representation of the model is shown
in Figure 7.1.

The categorical variables (gender, LBOTE status, Indigenous status, parental education,
parental occupation, school geolocation and school sector) were included in the model using
what are referred to as indicator variables. In this approach, a single categorical variable is
recoded by multiple indicator variables that are coded with a “1” to denote the presence of a
category level, and a “0” to denote the absence of the category level. In general, it takes k — 1
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indicator variables to recode k category levels. For example, the variable gender was
designated as having three categories, namely, male, female, and missing. The categories of
gender were recoded for each student using one indicator variable to denote female, and a
second indicator variable to denote missing. If the pair of indicator variables had the values 1
and 0 respectively, this meant that the gender category for the student was female; when the
indicator variables had the values of 0 and 1, then the gender category was missing. When
both indicators were 0, this indicated that the gender category for the student was male. In a
similar fashion, this approach was applied to the other categorical variables used in the
model.

Reading Spelling Grammar & Punctuation Numeracy
Item Scores Item Scores Item Scores Item Scores

2 g Grammar & .
Reading Spelling Buhctuation umeracy

Proficiency Proficiency Proficiency Proficiency

Sector Gender LBOTE Indigenous  Geolocation  School Reading  Parental Parental
Status Status Mean Education Occupation

Figure 7.1. Conditioning variables for the multidimensional item response model with
latent regression (paper tests)

Due to differences between states/territories with respect to the distributions of students
across these variables, some categories of these conditioning variables may not have been
observed or may have been perfectly correlated with other conditioning variables. For
example, during one NAPLAN administration, in year level 3, the indicator for school
geolocation indicating whether this information was missing was perfectly correlated with
school sector indicator for home-schooled students. In these cases, categories of conditioning
variables were combined or conditioning variables were removed from the generation of
plausible values for the state/territory in question.

The plausible values were drawn separately for each jurisdiction to allow for the possibility
of different relationships between proficiency estimates and conditioning variables across the
jurisdictions. Plausible values were drawn for all students, including absent students and
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students that had withdrawn from taking the test. Exempt students were not included.

The plausible values for writing were drawn concurrently for Years 3, 5, 7 and 9 and
separately for each state/territory. In this analysis, school sector, gender, LBOTE status,
Indigenous status, parental education, parent occupation, school geolocation, year level and
the school writing WLE mean score were included as conditioning variables. The WLE mean
score of a school was calculated based on students who participated in the writing test. For
schools with no student who participated in the writing test, the school WLE average score
was set at the jurisdiction mean.

Online tests

For the online tests, two new conditioning variable were added to the model as described in
section 4.4. The PVs were drawn concurrently for the six participating jurisdictions. This
made it necessary to include jurisdiction in the set of conditioning variables. Another
conditioning variable that was only added specifically for online grammar and punctuation
(G&P) was information about which test the student sat as that was determined by their third
testlet in the reading test. A representation of the model is shown in Figure 7.2.

Reading Spelling Grammar & Punctuation Numeracy
Item Scores Item Scores Item Scores Item Scores

Grammar &
Punctuation
Proficiency

Numeracy
Proficiency

Reading
Proficiency

Spelling
Proficiency

TestC,EorF

Sector Gender LBOTE Indigenous  Geolocation  School Reading  Parental Parental

Status Status Gt Mean Education Occupation
Jurisdiction

Figure 7.2. Conditioning variables for the multidimensional item response model with
latent regression (Online tests)

The PVs for writing were drawn for online students in Years 3, 5, 7 and 9 concurrently as for
the paper students. The PVs were also drawn concurrently for the six participating
jurisdictions, with jurisdiction added to the set of conditioning variables.

For each domain and each year level, the five sets of plausible values were used to calculate
means, standard deviations, percentile
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s and percentages of students within proficiency bands at the jurisdictional and national
levels. The statistics were calculated for the full population of students and by selected
background variables, such as gender, language background and aboriginal status, and
including the absent students and the students that had withdrawn from taking the test. The
plausible values were also used to obtain estimations of measurement errors.

Estimates of sampling and measurement errors were combined to obtain final standard errors
for the performance statistics reported for the census data. The standard errors were used to
determine statistical significance of mean differences and percentage differences in NAPLAN
2018 performance in the reports. Relevant equating errors were taken into consideration, in
addition to sampling and measurement errors, to estimate standard errors and evaluate
statistical significance of mean and percentage differences between 2018 and 2017 as well as
2018 and 2008 for reading, numeracy, spelling, and grammar and punctuation and between
2018 and 2017 as well as 2018 and 2011 for writing.

7.2 Reporting NAPLAN 2018 Student Achievement on NAPLAN Reporting Scales

For each domain at each year level, a linear transformation was applied to scores on the delta-
centred logit scale to correct for the spread in the scores and to apply the appropriate equating
constant to put the scores onto the NAPLAN vertical domain logit scale.

The transformation formulae were determined using plausible values drawn on the delta-
centred scale for each test based on the 2018 national scientific sample before the full cohort
data were available. The 2018 preliminary latent distributions of student achievement were
estimated based on the 2018 scientific sample on the paper-based test, with the student
weights applied. The means and standard deviations calculated provided preliminary
estimates of the population latent distributions.

The standard deviations obtained from the preliminary results based on the scientific sample
were then compared to the population standard deviations of the domain’s base year. For
reading, spelling, grammar and punctuation, and numeracy, the base year was 2009, while for
writing, the base year was 2011.The ratio of the base year standard deviation to the 2018
standard deviation was calculated for each domain at each year level. A ratio that was greater
than 1.0 indicated that the base year test spread the students out more than the 2018 test did
for that domain at the particular year level. Conversely, a ratio that was less than 1.0 indicated
that the 2018 test spread the students out more than the base year test for that domain at that
particular year level. These ratios of standard deviations were used as scaling factors for paper
tests to correct for the different distributions.

For the online test, the same linear transformations were used except that a different set of
scale factors were applied. The online scale factors were calculated based on comparing the
preliminary latent distribution standard deviations for the ACT with the standard deviations
reported in 2017 NAPLAN National Report for the ACT. As per the additional adjustments
described under the heading Examination of online achievement results, an additional
transformation process was applied to Year 7 Reading, Year 9 Numeracy and all year levels
for Grammar and Punctuation. Specifically, this transformation was applied to the Plausible
Values distributions, but this time by calculating z scores from the Plausible Values
distributions as opposed to applying an inverse normal transformation to percentile ranks
(which was the approach described in Chapter 6 for transforming the discrete distributions of

85



Chapter 7 Reporting of NAPLAN Performance in 2018

student scale scores).

For each domain at each year level, a first linear transformation was applied to scores on the
delta-centred logit scale to correct for the spread in the scores and to apply the appropriate
equating constant to put the scores onto the NAPLAN vertical domain logit scale. The scaling
factor was applied for each domain at each year level, with the estimated population mean as
the pivot point of the transformation.

For each domain at each year level in 2018, the first transformation of a logit score to put it
on the NAPLAN domain scale in logit is given by:

TranformedLogitScore = SF-(LogitScore — LocalMean) + LocalMean + EqShift  (7.1)
where

LocalMean = the mean of the latent distribution estimated using the 2018 scientific sample
based on the delta-centred item parameters,

SF = the scale factor that was calculated from the ratio of the base year standard deviation to
the 2018 standard deviation.

EqShift = the equating constant pertinent for the domain at the particular year level.

The values for LocalMean, SF, and EqShift are presented in Table 7.1 for each year level by
domain.

The same transformation was applied to the WLE ability logit scores in the score equivalence
table, the item parameters and the plausible values. For writing, the scaling factor and
equating shifts were set to one and zero, respectively, as shown in Table 7.1.

For each domain, estimates in logits were transformed to the NAPLAN reporting scale scores
established in NAPLAN 2008 as follows:

NAPLANScaleScore = 100-(Scoreigiti— DomainMean)/(DomainStdDeviation) + 500 (7.2)

where DomainMean and DomainStdDeviation are the estimated overall domain mean and
overall domain standard deviation calculated using the 2008 scientific sample. These are
presented in Table 7.2.

It should be noted that for each domain, the standard error (SE) in logits associated with each
WLE estimate was transformed to the NAPLAN scale metric as follows:

SElogit
DomainStdDeviation

SEnapLanscale = 100 -
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Table 7.1. Parameters for transforming the 2018 logit scores to the NAPLAN Scales

v . Local Mean Local Mean Scaling Scaling Equat_ing shift Online shift
ear Domain (paper) (online) Factor Factor (online and to Paner
pap (paper) (online) paper) P
Reading 0.0467 -0.3323 1.4918 1.2716 0.1201 0.3447
Writing —* —* 1.0000 1.0000 0.0000 0.0000
Year 3 Spelling -0.6481 -0.9919 1.0159 0.9050 -0.5864 0.3364
Grammar and
Punctuation 0.0137 -0.0197 1.3805 0.7050 0.2899 0.1458
Numeracy 0.3165 0.1492 0.9165 0.9637 -1.0347 0.1893
Reading 0.1047 -0.1984 1.4915 1.3581 1.2201 0.2316
Writing —* —* 1.0000 1.0000 0.0000 0.0000
Year 5 Spelling -0.2194 -0.3694 0.9869 0.8469 1.2324 0.1402
Grammar and
Punctuation 0.1654 0.0101 1.3673 0.5911 1.1468 0.1011
Numeracy 0.1751 -0.0369 0.8682 0.8988 0.5522 0.1938
Reading -0.1033 -0.2503 1.1116 1.3436 1.8599 0.2535
Writing —* —* 1.0000 1.0000 0.0000 0.0000
Year 7 Spelling -0.1911 -0.0290 1.0453 1.0100 2.2500 0.0676
Grammar and
Punctuation 0.3104 0.1793 1.0836 0.5750 1.5073 0.1644
Numeracy -0.2473 -0.3855 0.9990 0.9864 1.8082 0.3115
Reading 0.1954 0.0596 1.0497 0.9322 2.1810 0.1874
Writing —* —* 1.0000 1.0000 0.0000 0.0000
Year 9 Spelling -0.3219 -0.1663 1.1059 0.9384 3.4075 -0.0758
Grammar and
Punctuation -0.1476 -0.2851 1.1470 0.5426 2.4571 0.1260
Numeracy -0.6355 -0.9755 0.9149 0.7411 2.9881 0.3745
*Not applicable.

Table 7.2. Domain Mean and Standard Deviation for Transforming Logits to NAPLAN
Scale Scores

Domain Domain Mean Domain SD
Reading 1.1629 1.4867
Writing 1.1160 3.3679
Spelling 0.9406 2.6241
Grammar and Punctuation 1.2529 1.3605
Numeracy 0.8102 1.6652
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7.3 Score Equivalence Tables

To facilitate rapid generation of student and school reports, score equivalence tables for
converting raw scores to weighted likelihood estimates (WLES) and their corresponding
NAPLAN scale scores were generated for each test and provided to the jurisdictions” Test
Administration Authorities. The equivalence tables enable the TAASs to locate individual
students on NAPLAN reporting scales using the raw scores for each test (paper and online).
The NAPLAN 2018 score equivalence tables for the paper tests are presented in Appendix I.
The tables show the scores and the associated standard errors in logits and in NAPLAN scale
scores.

The preliminary national mean, the 20th percentile score and the 80th percentile score (to
give the approximate range of the middle 60 percent) based on the national scientific sample
were provided for each domain and year level for reporting to schools and parents.

7.4 Reporting against Proficiency Bands

As in previous NAPLAN administrations, student achievement was also reported against
proficiency bands for each domain. The ten proficiency bands on the NAPLAN reporting
scales had the cut-points set at equal intervals apart. Year 3 results were reported against
Band 1 to Band 6, Year 5 results reported against Band 3 to Band 8, Year 7 results reported
against Band 4 to Band 9, and Year 9 results reported against Band 5 to Band 10. The cut-
points for the proficiency bands were developed in 2008 and used in reporting the NAPLAN
2018 results.

The NAPLAN reporting scale for each domain was standardized to be similar in length. Each
scale has the same number of proficiency bands and the same nine cut-points on the
transformed scales. The performance distribution at each year level could span approximately
six bands. A student whose proficiency fell within a specific band would be expected to score
at least 50% correct on a test made up of items that fell into that band.

The cut scores separating the proficiency bands are presented in Table 7.3. The cut scores are
different on the logit scales for the domains but are the same on the transformed NAPLAN
scales.

Table 7.3. Proficiency Bands Cut Scores

Logits
CuE;aSr::%re ggg:ee Reading Writing Spelling G;Snmcr::;rtiggd Numeracy
9/10 686 3.928 7.380 5.821 3.783 3.907
8/9 634 3.155 5.629 4.457 3.076 3.042
7/8 582 2.382 3.878 3.092 2.369 2.176
6/7 530 1.609 2.126 1.728 1.661 1.310
5/6 478 0.836 0.375 0.363 0.954 0.444
4/5 426 0.063 -1.376 -1.001 0.246 -0.422
3/4 374 -0.710 -3.128 -2.366 -0.461 -1.288
2/3 322 -1.483 -4.879 -3.730 -1.169 -2.154
1/2 270 -2.257 -6.630 -5.095 -1.876 -3.020
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Figure 7.3 depicts how student results are reported against the proficiency bands. Results in
each year level are reported against six bands. For Year 3, scores above Band 6 are reported
against Band 6. For Year 5, scores above Band 8 are reported against Band 8 and scores below
Band 3 are reported against Band 3. For Year 7, scores above Band 9 are reported against
Band 9 and scores below Band 4 are reported against Band 4. For Year 9, scores below Band 5
are reported against Band 5.

The yellow band for each year level in Figure 7.3 is identified as the national minimum
standard for that year level. Band 2 is the national minimum standard for Year 3, Band 4 for
Year 5, Band 5 for Year 7 and Band 6 for Year 9. Students are deemed to have performed
above national minimum standard if their scores fall in the green bands at their respective year
level and below national minimum standard if their scores fall in the orange band.

Band Year3 | Year5 | VYear? Year 9

R INwlbs|o|o|N|o|o 5

Figure 7.3. Reporting against the NAPLAN proficiency bands

7.5 National Reports

The NAPLAN 2018 Summary Information was released in August 2018. The summary
information provides results in each domain at each year level and by state/territory and
nationally. This information was released around the same time that student reports were
distributed to parents. The NAPLAN 2018 National Report released in early 2019 includes
subgroup results by gender, language background, Indigenous status, geolocation, parental
education and parental occupation.
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