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Introduction

Star Maths: Screening and Progress-Monitoring Assessment
Since the 2014–2015 school year, the current version of Star Maths has been
available for use in assessing the mathematics achievement of students in
Years 2–13. Star Maths is a 24-item standards-based adaptive assessment,
aligned to the UK national curriculum and maths standards, that takes an
average of less than 15 minutes. Star Maths provides immediate feedback to
teachers and administrators on each student’s maths achievement.

Star Maths Purpose
As a periodic progress monitoring system, Star Maths software serves
two primary purposes. First, it provides teachers with quick and accurate
estimates of students’ understanding and learning of maths. Second, it
assesses maths achievement on a continuous scale over the range of Years
from 2–13, thereby providing the means for tracking growth in a consistent
manner over long time periods for all students.
The Star Maths test is not intended to be used as a “high-stakes” or “national”
test whose main function is to report end-of-period performance to parents
and teachers. Although that is not its purpose, Star Maths scores are highly
correlated with large-scale achievement tests. The high correlations of Star
Maths scores with such national instruments makes it easier to fine-tune
teaching while there is still time to improve performance before the regular
testing cycle.
Star Maths’ unique powers of flexibility and repeatability provide specific
advantages for various groups:
XX

XX

XX
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For students, Star Maths software provides a challenging, interactive and
brief test that builds confidence in their maths ability.
For teachers, Star Maths software facilitates individualised teaching by
identifying students’ current developmental levels and areas for growth.
For head teachers, Star Maths software provides regular, accurate reports
on performance at the class, Year, school and school network level as well
as school year to school year comparisons.

1

Introduction

Design of Star Maths

XX

For school network administrators and assessment specialists, the
management program provides a wealth of reliable and timely data on
student growth in maths at each school and throughout a school network.
It also provides a valid basis for comparing data across schools, student
Years and special student populations.

This technical manual documents the suitability of the Star Maths progress
monitoring system for these purposes and presents evidence of its reliability,
validity and merits as a psychometric instrument.

Design of Star Maths
One of the fundamental decisions when designing Star Maths involved the
choice of how to administer the test. Because of the numerous advantages
offered by computer-administered tests, it was decided to develop Star Maths
as a computer software product, and to make the test adaptive.
The primary advantage of using computer software to administer the Star
Maths test is the ability to tailor each student’s test based on the student’s
specific responses to previous items. Paper-and-pencil tests are obviously
far different from this: every student must respond to the same items in the
same sequence. Using computerised adaptive testing procedures, however, it
is possible for students to be tested using items that appropriately match their
current level of proficiency. Adaptive Branching, the item selection procedure
used in the Star Maths test, effectively customises every test to the student’s
current achievement level.
Adaptive Branching offers significant advantages in terms of test reliability,
testing time and student motivation. First, reliability improves over paperand-pencil tests because the test difficulty matches each individual’s
performance level; students do not have to fit a “one test fits all” model. With a
computerised adaptive test, most of the test items to which students respond
are at levels of difficulty that closely match their achievement levels. Testing
time decreases because, unlike in paper-and-pencil tests, students need
not be exposed to a broad range of material, some of which is inappropriate
because it is either too easy for high achievers or too difficult for those with
low levels of performance. Finally, computerised adaptive assessments
improve student motivation simply because of the aforementioned issues:
test time is minimised and test content is neither too difficult nor too easy. Not
surprisingly, most students enjoy taking Star Maths tests, and many students
report that it increases their confidence in maths.
Another fundamental Star Maths design decision involved the format of the
test items. The items had to be easily administered and objectively marked by
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a computer and also provide the breadth of construct coverage necessary for
an assessment of maths achievement. The traditional multiple-choice format
was chosen based on considerations of efficiency of assessment, objectivity
and simplicity of scoring.
The final fundamental design decision involved determining the organisation of
the content in Star Maths. Because of the great amount of overlap in content in
the maths construct, it is difficult to create distinct categories or “strands” for
a mathematics achievement instrument. After reviewing the Star Maths test’s
content, curricular materials and similar maths achievement instruments, the
following eight strands were identified and included in Star Maths: Numeration
Concepts, Computation Processes, Word Problems, Approximation, Data
Analysis and Statistics, Shape and Space, Measurement and Algebra.
The Star Maths test is further divided into two parts. The first part of the test,
the first sixteen items, includes items only from the Numeration Concepts and
the Computation Processes strands. The first eight test items (items 1–8)
are from the Numeration Concepts strand, and the following eight test items
(items 9–16) are from the Computation Processes strand.
The second part of the test, or the final eight items, includes items from all of
the remaining strands. Hence, items 17–24 are drawn from the following six
strands: Word Problems, Approximation, Data Analysis and Statistics, Shape
and Space, Measurement and Algebra. The specific makeup of the strands
used in the final eight items depends on the student’s Year.
The decision to weight the test heavily towards Numeration Concepts
and Computation Processes resulted from the fact that these strands are
fundamental to all others and they include the content about which teachers
desire the most information. Although this approach emphasises the two
strands in the first part of the test, it provides adequate content balance to
assure a valid assessment. Additionally, factor analysis of the various content
strands supports the fundamental unidimensionality of the construct being
measured in the Star Maths test; therefore, splitting the test in this way does
not impact the measurement validity.
Each Star Maths item was developed in association with a very specific
content objective (described in ”Content and Test Design” on page 13). In
addition, the calibration trials included items that were expressed differently
in textbooks and other reference materials, and only the item formats that
provided the best psychometric properties were retained in the final item bank.
For example, many questions were crafted both with and without graphics
supporting the text of the question. For items containing text in either the
question stem or the response choices, great care was taken to keep the text
simple and the reading level as low as practical. This is particularly important
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with computerised adaptive testing because high-performing, lower-Year
students may receive higher Year questions.
In an attempt to minimise the administration of inappropriate items to
students, each item in the item bank is assigned a curricular placement value
corresponding to the earliest Year where instruction for this content would
occur. During testing, students receive items with a maximum curricular
placement value of three Years higher than their current Year. Although this
constraint does not limit the attainable scores in any way since very difficult
items still exist in the item bank within these constraints, it does help to
minimise presentation of items for which the student has not yet had any
formal instruction.

Improvements Over Previous Star Maths Versions
Since its introduction in the US in 1998, the Star Maths test has undergone a
process of continuous research and improvement. Version 2 was an entirely
new test, with new content and several technical innovations. The following
improvements were introduced in version 2.
XX

XX

XX

XX

XX

XX
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The item bank was expanded from an initial size of 1,434 items to more
than 4,000.
The content of the item bank was expanded as well. The item bank
covered 214 objectives, compared with 176 in Star Maths version 1. Many
of the new objectives covered topics in upper Years algebra, resulting in
an improvement in Star Maths’ usefulness for assessing students who
planned to continue their education after Year 10. Other new objectives
covered simpler maths topics to accommodate the addition of Years 2 and
3 to the Star Maths product.
The test specifications were changed to limit the number of items
measuring a single objective that could be administered. This ensured
diversity in terms of content objectives and provided a more balanced
assessment of the maths construct.
Content balancing specifications, grounded in curricula, were implemented.
This ensured that every test would include items assessing student
proficiency in a variety of maths content areas.
The distribution of items among Numeration Concepts, Computation
Processes and other applications (all other Star Maths strands) were
changed. In Star Maths 2 and higher, one-third of the items in each test
came from each of those three broad areas.
The difficulty level of the test was eased to enhance student motivation
and minimise student frustration. In US and UK versions, the Star Maths 2
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and higher adaptive brancher would select items that each student could
answer correctly about 75% of the time. In Star Maths 1, the adaptive
brancher selected items that each student could answer correctly about
50% of the time. This modification in Star Maths 2 and higher resulted in a
testing session with items that were neither too hard nor too easy.
XX

XX

XX

New norms were developed to provide the most accurate and up-to-date
scores possible.
The Diagnostic Report underwent major changes to provide educators
with detailed information about each student’s current maths
achievement.
A new Accelerated Maths Library Report was created that provided
educators with a simple method for placing their students in the
appropriate Accelerated Maths library after a Star Maths test.

Later versions are adaptations of version 2 designed specifically for use on a
computer with web access. All management and test administration functions
are controlled using a management system which is accessed on the web.
(The content in Star Maths version 3 is identical to the content in Star Maths
version 2.) This makes a number of new features possible:
XX

XX

XX

XX

XX
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Multiple schools can share a central database, such as a school networklevel database. Records of students transferring between schools will be
maintained; the only information that needs revision following a transfer is
the student’s school and class assignments.
The same database that contains Star Maths data can contain data on
other Star tests, including Star Early Literacy and Star Reading.
Renaissance software is a powerful, online information management
program that allows you to manage all your school network, school,
personnel and student data in one place. Changes made to school
network, school, teacher and student data for any of these programs,
as well as other Renaissance software, are reflected in every other
Renaissance program that shares the central database.
Multiple levels of access are available, from the test administrator
within a school or class to teachers, head teachers and school network
administrators.
Renaissance takes reporting to a new level. Not only can you generate
reports from the student level all the way up to the school level, but you
can also limit reports to specific groups, subgroups and combinations of
subgroups. This supports “disaggregated” reporting; for example, a report
might be specific to students eligible for free or reduced school meals, to
English language learners or to students who fit both categories. It also
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supports compiling reports by teacher, class, school, Year (US grade)
within a school and many other criteria such as a specific date range. In
addition, the Renaissance consolidated reports allow you to gather data
from more than one program (such as Star Maths and Accelerated Maths)
at the teacher, class, school and school network levels and display the
information in one report.
XX

XX

Since the Renaissance software is accessed through a web browser,
teachers and administrators will be able to access the program from
home—provided the school network or school gives them that access.
In UK versions, the difficulty level of the test was revised to improve
measurement precision. The adaptive brancher in UK Star Maths versions
3 and higher selects items that each student can answer correctly about
67.5% of the time. Beginning July 2009, Star Maths can be used to test
Year 1 students at the teacher’s discretion.

Test Interface
The Star Maths test interface was designed to be both simple and effective.
Students can use either the mouse, the keyboard or a touch screen to answer
questions.
XX

XX

XX

If using the keyboard, students press one of the four letter keys (A, B,
C or D) and then press the Enter key (or the return key on Macintosh
computers).
If using the mouse, students click the answer of choice and then click Next
to enter the answer.
On a touchscreen tablet, students tap their answer choice; then, they tap
Next.

Practice Session
Star Maths software includes a provision for a brief practice test preceding the
test itself. The practice session allows students to get comfortable with the
test interface and to make sure that they know how to operate it properly.
Students can pass the practice session and proceed to the actual Star
Maths test by answering two out of the three practice questions correctly. If
a student does not do this, the program presents three more questions, and
the student can pass the practice session by answering two of those three
questions correctly. If the student does not pass after the second attempt, the
student will not proceed to the actual Star Maths test.
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Even students with low maths and reading skills should be able to answer the
practice questions correctly. However, Star Maths will halt the testing session
and tell the student to ask the teacher for help if the student does not pass the
practice session after the second attempt.
Students may experience difficulty with the practice questions for a variety
of reasons. The student may not understand maths even at the most basic
level. Alternatively, the student may need help using the keyboard. If this is the
case, the teacher (or teaching assistant) should help the student through the
practice session during the student’s next Star Maths test. If a student still
struggles with the practice questions with teacher assistance, he or she may
not yet be ready to complete a Star Maths test.
Once a student has successfully passed a practice session, the student will
not be presented with practice items again on a test taken within the next 180
days.

Adaptive Branching/Test Length
Star Maths’ branching control uses a proprietary approach somewhat more
complex than the simple Rasch maximum information IRT model. The
Star Maths approach was designed to yield reliable test results for both
the criterion-referenced and the norm-referenced scores by adjusting item
difficulty to the performance of the individual being tested while striving to
minimise test length and student frustration.
In order to minimise student frustration, the first administration of the Star
Maths test begins with items that have a difficulty level that is below what
a typical student at a given Year can handle—usually one or two Years
below Year placement. On the average, about 85 per cent of students will be
able to answer the first item correctly. Teachers can override the student’s
current Year for determining starting difficulty by entering the current level of
mathematics instruction for the student using the ML (Maths Level). When
an ML is provided, the program uses that value to raise or lower the starting
difficulty of the first test. On the second and subsequent administrations, the
Star Maths test again begins with items that have a difficulty level lower than
the previously demonstrated maths ability. Students generally have an 85 per
cent chance of answering the first item correctly on second and subsequent
tests.
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Test Length
Once the testing session is underway, Star Maths software administers 24
items of varying difficulty, adapting the difficulty level of the items dynamically
according to the student’s responses.
The length of time needed to complete a Star Maths test varies across
students. Table 1 lists summary statistics on the distribution of testing time
for students in Years 2 through 13.
Table 1:

Percentiles of Total Test Time in Minutes for a Star Maths Test by Year
Time to Complete a Star Maths Test—Total Duration
N

5th
Percentile

25th
Percentile

50th
Percentile

75th
Percentile

95th
Percentile

2

12,211

4.62

7.88

11.30

16.27

27.36

3

49,508

4.98

8.12

11.13

15.43

24.87

4

88,935

5.58

8.83

12.07

16.62

26.45

5

92,599

6.13

9.65

13.18

18.02

27.57

6

96,701

6.48

10.28

14.00

18.82

28.03

7

79,402

6.65

10.70

14.52

19.17

27.97

8

109,829

5.85

9.92

13.60

18.00

26.10

Year

9

67,143

5.90

10.07

13.95

18.73

27.48

10

29,423

5.35

9.27

13.00

17.78

26.97

11

11,523

5.07

8.68

12.28

16.83

25.52

12

6,069

4.89

8.68

12.58

17.77

26.68

13

674

5.02

9.23

13.87

21.77

34.28

Test Repetition
Star Maths score data can be used for multiple purposes, such as screening,
placement, planning instruction, benchmarking and outcomes measurement.
The frequency with which the assessment is administered depends on
the purpose for assessment and how the data will be used. Renaissance
recommends assessing students only as frequently as necessary to get the
data needed. Schools that use Star Maths for screening purposes typically
administer it two to five times per year. Teachers who want to monitor student
progress more closely or use the data for instructional planning may use
it more frequently. Star Maths may be administered monthly for progress
monitoring purposes and as often as weekly when needed.
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The Star Maths 3 or higher item bank contains more than 1,900 items created
from eight different content strands. Because the Star Maths software keeps
track of the specific items presented to each student from test session to
test session, it does not present the same item more than once in any 75-day
period. By doing so, the software keeps item reuse to a minimum. In addition,
if a student is progressing in mathematics development throughout the year
and from year to year, item exposure should not be an issue at all.
More information on the content of the Star Maths item bank is available in
“Content and Test Design” on page 13.

Item Time Limits
Star Maths tests place no limits on total testing time. However, there are time
limits for each test item. The standard time limit for each item is 90 seconds
for practice questions and 180 seconds for actual test questions. The per-item
time limits are generous and ensure that more than 90 per cent of students
can complete each item within the normal time limits. Star Maths provides
the option of extended time limits for selected students who, in the judgment
of the test administrator, require more than the standard amount of time
to read and answer the test questions. The extended time limits are double
the standard ones: 180 seconds per practice question, and 360 seconds per
actual test question.
When a student has only 15 seconds remaining for a given item, a clock
graphic is displayed, indicating that the student should make a final answer
selection and move on. Items that time out are counted as incorrect unless
the student had selected the correct answer but not finalised it when time
expired. In such cases, the answer is scored as correct.
Star Maths items were designed such that students could reach the correct
answer in one minute or less. During US Star Maths standardisation, the mean
item response time was 27 seconds, with a standard deviation of 25 seconds.
The median item response time was 19 seconds. And nearly all (99.7%)
item responses were made within the three-minute limit. Mean and median
response times were similar across the range of US grades. Although the
incidence of maximum time limits was somewhat higher for the lowest three
grades, fewer than half of one percent of item responses reached the time
limit, even for US first grade (UK Year 2) students.
This suggests that the Star Maths limits on time per item allow ample time for
nearly all students to complete each question. Nonetheless, the extended time
limits may be a valuable accommodation for English language learners as
well as for some students with disabilities. Test users who elect the extended
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time limit for their students should be aware that Star Maths norms, as well
as other technical data such as reliability and validity, are based on test
administration using the standard time limits.

Test Security
Star Maths software includes a number of security features to protect the
content of the test and to maintain the confidentiality of the test results.

Split-Application Model
When students log into Star Maths, they do not have access to the same
functions that teachers, administrators and other personnel can access.
Students are allowed to take the test, but no other features available in Star
Maths are available to them; therefore, they have no access to confidential
information. When teachers and administrators log in, they can manage
student and class information, set preferences and create informative reports
about student test performance.

Individualised Tests
Using Adaptive Branching, every Star Maths test consists of items chosen
from a large number of items of similar difficulty based on the student’s
estimated ability. Because each test is individually assembled based on the
student’s past and present performance, identical sequences of items are
rare. This feature, while motivated chiefly by psychometric considerations,
contributes to test security by limiting the impact of item exposure.

Data Encryption
A major defence against unauthorised access to test content and student
test scores is data encryption. All of the items and export files are encrypted.
Without the appropriate decryption code, it is nearly impossible to read the
Star Maths data or access or change it with other software.

Access Levels and Capabilities
Each user’s level of access to a Renaissance program depends on the primary
position assigned to that user. Each primary position is part of a user group.
There are six of these groups: school network administrator, school network
staff, school administrator, school staff, teacher and student. By default,
each user group is granted a specific set of capabilities; each capability
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corresponds to one or more tasks that can be performed in the program. The
capabilities for these user groups can be changed, and capabilities can be
granted or removed on an individual level.
Renaissance also allows you to restrict students’ access to certain computers.
This prevents students from taking Star Maths tests from unauthorised
computers (such as home computers). For more information, see
https://help.renlearn.co.uk/RP/SettingSecurityOptions.
The security of the Star Maths data is also protected by each person’s user
name (which must be unique) and password. User names and passwords
identify users, and the program only allows them access to the data and
features that they are allowed based on their primary position and the
capabilities that they have been granted. Personnel who log in to Renaissance
(teachers, administrators or staff) must enter a user name and password
before they can access the data and create reports. Without an appropriate
user name and password, personnel cannot use the Star Maths software.

Test Monitoring/Password Entry
Test monitoring is another useful Star Maths security feature. Test monitoring
is implemented using the Testing Password preference, which specifies
whether monitors must enter their passwords at the start of a test. Students
are required to enter a user name and password to log in before taking a test.
This ensures that students cannot take tests using other students’ names.

Final Caveat
While Star Maths software can do much to provide specific measures of test
security, the most important line of defence against unauthorised access or
misuse of the program is the user. Teachers and test monitors need to be
careful not to leave the program running unattended and to monitor all testing
to prevent students from cheating, copying down questions and answers or
performing “print screens” during a test session. They should also ensure
that scratch paper used in the testing process is gathered and discarded
after each testing session. Taking these simple precautionary steps will help
maintain Star Maths’ security and the quality and validity of its scores.

Test Administration Procedures
In order to ensure consistency and comparability of results to the Star
Maths norms, students taking Star Maths tests should follow standard
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administration procedures. The testing environment should be as free from
distractions for the student as possible.
The Pretest Instructions included with the Star Maths product describe the
standard test orientation procedures that teachers should follow to prepare
their students for the Star Maths test. These instructions are intended for use
with students of all ages. While the Pretest Instructions should be used prior
to each student’s first Star Maths test, it is not necessary to administer them
prior to a student’s second or subsequent tests.
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The content of the Star Maths test has evolved through three stages of
development. The first stage involved specifying the curriculum content to
be reflected in the test. Because rules for writing the items influenced the
exact ways in which this content finally appeared in the test, these rules may
be considered part of this first stage of development. The following section
describes these rules. In the second stage, items were empirically tested in a
calibration research program, and items most suited to the test model were
retained. The third stage occurs dynamically as each student completes a
Star Maths test. The content of each Star Maths test depends on the selection
of items for that individual student according to the computer-adaptive testing
mode.

Content Specification
Star Maths test content is intended to reflect the objectives commonly taught
in the mathematics curricula of contemporary schools. The following major
sources helped to define this curriculum content:
XX

National Curriculum (UK)

XX

National Numeracy Strategies (UK)

XX

National Foundation for Educational Research—NFER (UK organisation)

XX

Trends in International Mathematics and Science Study (TIMSS)

XX

XX

Principles and Standards for School Mathematics of the National Council of
Teachers of Mathematics (US organisation)
Content specifications for the National Assessment of Educational
Progress (US assessment)

XX

An extensive review of content covered in leading textbook series

XX

Curriculum guides and lists of objectives

There is reasonable, although not universal, agreement among these sources
about the content of mathematics curricula.
The final Star Maths content specifications were intended to cover the
objectives most frequently found in these sources. The Star Maths content is
organised into eight strands. There are 693 objectives within the eight strands.
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Numeration Concepts
The Numeration Concepts strand encompasses 103 objectives. This strand
concentrates on the conceptual development of the decimal number system.
At the lowest levels, it covers cardinal and original numbers through ten (the
ones). The strand then proceeds to treatment of the decades (tens), hundreds,
thousands and then larger numbers such as hundred thousands and millions,
all in the whole-number realm. At each of these levels of the number system,
specific objectives relate to place-value identification, number-numeral
correspondence and expanded notation. Following treatment of the whole
numbers, the Numeration Concepts strand moves to fractions and decimals.
Coverage includes representation of fractions and decimals on a number
line, conversions between fractions with different denominators, conversion
between fractions and decimals and number-numeral correspondence for
decimals and rounding decimals.
Included in this category are specific objectives on roots, index notation
and scientific notation. Because items in the Numeration Concepts Strand
emphasise understanding basic concepts, they are deliberately written to
minimise computational burden.

Computation Processes
The Computation Processes strand includes 115 specific objectives. This
strand covers the four basic operations (addition, subtraction, multiplication
and division) with whole numbers, fractions, decimals and percentages. Ratios
and proportions are also included in this strand. Coverage of computational
skill begins with the basic facts of addition and subtraction, starting with the
fact families having sums to 10, then with sums to 18. The strand progresses
to addition and subtraction of two-digit and three-digit numbers without
regrouping, then with regrouping. At about the same level, basic facts of
multiplication and division are introduced. Then, the four operations are
applied to more difficult regrouping problems with whole numbers. Fractions
are first introduced by way of addition and subtraction of fractions with like
denominators. These are relatively easy for students. However, the strand
next includes operations with fractions with unlike denominators, mixed
numbers and decimal problems requiring place change, all of which are
relatively difficult for students. The Computation Processes strand concludes
with a series of objectives requiring operations with percentages, ratios and
proportions.
Although the Computation Processes strand can be subdivided into nearly
an infinite number of objectives, the Star Maths item bank provides a
representative sampling of computational problems that cover the major
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types of problems students are likely to encounter. Indeed, the item bank
does not purport to cover every conceivable computational nuance. In
addition, among the more difficult problems involving computation with whole
numbers, there are number combinations for which one would ordinarily use
a calculator. However, it is expected that students will know how to perform
these operations by hand, and hence, a number of such items are included in
the Star Maths item bank.
The Numerations Concepts and Computation Processes strands are
considered by many to be the heart of the basic mathematics curriculum.
Students must know the four operations with whole numbers, fractions,
decimals and percentages. Students must know numeration concepts to have
an understanding of how the operations work, particularly for regrouping,
changing denominators in fractions and changing places with decimals and
percentages. As noted above, these two strands constitute the first two-thirds
of the Star Maths test. Mathematical development within these two strands
also serves as the principal basis for teaching and learning recommendations
provided in the Star Maths Diagnostic Report.
The remaining strands comprise the latter third of the Star Maths test.
This part might be labelled “applications” since many—although not all—
of the objectives in this part can be considered practical applications of
mathematical content and procedures. It is important to note that research
conducted at the item calibration stage of Star Maths development
demonstrated that the items in the various strands were strongly
unidimensional, thus justifying the use of a single score for purposes of
reporting.

Approximations
The Approximations strand includes 23 objectives. The Approximations
strand is also designed to parallel the Computation Processes strand in terms
of the types of operations required. Again, many, but not all, computational
objectives are reflected in this strand. Obviously, in the Approximations
strand, students are not required to compute a final answer. With number
combinations similar to those represented in the Computation Processes
strand, students are asked to approximate an answer. To discourage students
from actually computing answers, response options are generally given in
round numbers. The range of numerical value used in the options is generally
set so that a reasonable approximate is adequate.
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Shape and Space
The Shape and Space strand includes 84 objectives. The Shape and Space
strand in Star Maths begins with simple recognition of plane shapes and
their properties. The majority of objectives in the Shape and Space strand
concentrate on the treatment of perimeters and areas, usually covered
in the middle Years, and recognition and use of parallels, intersections
and perpendiculars, covered in the middle and upper Years. At the more
difficult levels, this strand includes application of principles about triangles,
the properties of quadrilaterals, the properties of solid figures and the
Pythagorean theorem.

Measurement
The Measurement strand includes 47 objectives. Although many curricular
sources combine shape and space and measures in a single strand, the Star
Maths test represents them separately. At the lowest level, the Measures
strand includes objectives on temperature and time (clocks, days of the
week and months of the year). The strand provides coverage of both metric
and customary (imperial) units. Metric objectives include use of the metric
prefixes (milli-, centi-, etc.) and the conversion of metric and imperial units. The
Measures strand also includes objectives on measures of angles, perimeter
and area, which are examples of the overlap between the shape and space
and measures areas.

Data Analysis and Statistics
The Data Analysis and Statistics strand includes 40 objectives. This strand
begins with simple, straightforward extraction of information from tables, bar
graphs and pie charts. In these early objectives, information needed to answer
the question is given directly in the table, chart or graph. At the next higher
level of complexity, students must combine or compare two or more pieces of
information in the table, chart or graph in order to answer the question. This
strand also includes several objectives related to probability and statistics.
Curricular placement of probability and statistic objectives varies from one
source to another. In contrast, using tables, charts and graphs is commonly
encountered across a wide range of Years in nearly all mathematics
curriculum materials.

Word Problems
The Word Problems strand includes 92 objectives. The Word Problems
strand includes simple situational applications of computations. In fact, the
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Word Problems strand is deliberately structured to parallel the Computation
Processes strand in terms of the types of operations required.
Most computation objectives are paralleled in the Word Problems strand.
For all items in the Word Problems strands, students are presented with a
practical problem, and to answer the item correctly, they must determine
what type of computational process to use and then correctly apply that
process. The reading level of the problems is kept at a low level to ensure valid
assessment of ability to solve word problems.

Algebra
The final strand in the curricular structure of the Star Maths item bank is
Algebra. The Algebra strand includes 189 objectives. Although algebra
is sometimes thought of as a higher-level course, elements of algebra
are actually introduced much earlier in the contemporary mathematics
curriculum. The use of simple number sentences and the translation of word
problems into equations (at a very simple level) are introduced even in the
lower Years. Such objectives are included at the lowest level of the Star Maths
Algebra strand. The objectives progress rapidly in difficulty to those found in
the formal algebra course. These more difficult objectives include operating
with polynomial, quadratic equations and graphs of linear and non-linear
functions.
Table 2:

Star Maths Strand and Objective Structure
Strand

Numeration Concepts

Objective Description
Ones: Placing numerals in order
Ones: Locate numbers on a number line
Tens: Place numerals (10–99) in order of value
Tens: Associate numeral with group of objects
Tens: Relate numeral and number word
Tens: Identify one more/one less across decades
Tens: Understand the concept of zero
Count on by ones from a number less than 100
Count back by ones from a number less than 20
Count objects to 20
Identify a number to 20 represented by a point on a number line
Determine one more than or one less than a given number
Count by 2s to 50 starting from a multiple of 2
Compare whole numbers to 100 using words
Order whole numbers to 100 in ascending order
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Table 2:

Star Maths Strand and Objective Structure
Strand

Numeration Concepts
(continued)

Objective Description
Represent a 2-digit number as tens and ones
Locate a number to 20 on a number line
Determine the value of a digit in a 2-digit number
Determine ten more than or ten less than a given number
Count by 5s or 10s to 100 starting from a multiple of 5 or 10, respectively
Determine the 2-digit number represented as tens and ones
Determine equivalent forms of a number, up to 10
Ones: Using numerals to indicate quantity
Ones: Relate numerals and number words
Ones: Use ordinal numbers
Compare groups of objects using most or least
Determine a number pair that totals 100
Hundreds: Relate numeral and number word
Hundreds: Write numerals in expanded form
Complete a skip pattern starting from a multiple of 2, 5 or 10
Count on by 100s from any number
Determine the 3-digit number represented as hundreds, tens and ones
Compare whole numbers to 1,000 using the symbols <, > and =
Represent a 3-digit number as hundreds, tens and ones
Recognise equivalent forms of a 3-digit number using hundreds, tens and ones
Complete a skip pattern of 2 or 5 starting from any number
Complete a skip pattern of 10 starting from any number
Compare whole numbers to 100 using the symbols <, > and =
Extend a number pattern involving addition
Determine the rule for an addition or subtraction number pattern
Extend a number pattern involving subtraction
Hundreds: Place numerals in order of value
Hundreds: Identify place value of digits
Thousands: Place numerals in order of value
Thousands: Relate numeral and number word
Thousands: Identify place value of digits
Thousands: Write numerals in expanded form
Ten thousands, hundred thousands, millions: Place numerals in order of value
Ten thousands, hundred thousands, millions: Identify place value of digits
Ten thousands, hundred thousands, millions: Write numerals in expanded form
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Table 2:

Star Maths Strand and Objective Structure
Strand

Numeration Concepts
(continued)

Objective Description
Determine the value of a digit in a 4-digit whole number
Determine which digit is in a specified place in a 4-digit whole number
Determine a pictorial model of a fraction of a set of objects
Locate a fraction on a number line
Identify equivalent fractions using models
Identify a fraction represented by a point on a number line
Compare fractions using models
Determine the 4-digit whole number represented in thousands, hundreds, tens and ones
Determine a pictorial model of a fraction of a whole
Order fractions using models
Represent a 4-digit whole number as thousands, hundreds, tens and ones
Determine the 4- or 5-digit whole number represented in expanded form
Determine the value of a digit in a 5-digit whole number
Determine which digit is in a specified place in a 5-digit whole number
Locate a decimal number to tenths on a number line
Round a 4-digit whole number to a specified place
Compare decimal numbers through the hundredths place
Order decimal numbers through the hundredths place
Determine the decimal number equivalent to a fraction model
Determine the fraction equivalent to a decimal number model
Identify a decimal number to tenths represented by a point on a number line
Relate 1/4, 1/2 and 3/4 to an equivalent decimal number using models
Round a 5- to 6-digit whole number to a specified place
Ten thousands, hundred thousands, millions: Relate numeral and number word
Fractions and decimals: Convert fraction to equivalent fraction
Fractions and decimals: Read word names for decimals to thousandths
Fractions and decimals: Identify place value of digits in decimals
Fractions and decimals: Identify position of fractions on number line
Fractions and decimals: Convert improper fraction to mixed number
Fractions and decimals: Round decimals to tenths, hundredths
Convert a mixed number to an improper fraction
Compare decimal numbers of differing places to thousandths
Compare fractions with unlike denominators
Order fractions with unlike denominators in ascending or descending order
Order decimal numbers of differing places to thousandths in ascending or descending
order
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Table 2:

Star Maths Strand and Objective Structure
Strand

Numeration Concepts
(continued)

Objective Description
Determine a decimal equivalent of a fraction with a denominator of 10 or 100
Relate a decimal number to an equivalent fraction with a denominator of 10 or 100
Fractions and decimals: Identify position of decimals on number line
Fractions and decimals: Relate decimals to percentages
Represent a decimal number in expanded form using powers of ten
Determine the decimal number represented in expanded form using powers of ten
Compare numbers in decimal and fractional forms
Order numbers in decimal and fractional forms
Relate a decimal number to an equivalent fraction with a denominator of 1,000
Determine a decimal equivalent of a fraction with a denominator of 1,000
Advanced concepts: Determine square roots of perfect squares
Advanced concepts: Can use scientific notation
Advanced concepts: Give approximate square roots of a number
Determine the square root of a perfect-square fraction or decimal
Determine the two closest integers to a given square root
Approximate the location of a square root on a number line
Compare expressions involving unlike forms of real numbers
Compare monomial numerical expressions using the properties of powers

Computation Processes

Determine a missing addend in a basic addition-fact number sentence
Determine the missing portion in a partially screened (hidden) collection of up to 10
objects
Determine a missing subtrahend in a basic subtraction-fact number sentence
Addition of basic facts to 10
Subtraction of basic facts to 10
Addition of basic facts to 18
Addition of three single-digit addends
Addition beyond basic facts, no regrouping (2d + 1d)
Subtraction beyond basic facts, no regrouping (2d – 1d)
Know basic subtraction facts to 20 minus 10
Subtraction of basic facts to 18
Addition beyond basic facts with regrouping (2d + 1d, 2d + 2d)
Identify odd and even numbers less than 100
Simple number sentence
Subtraction beyond basic facts with regrouping (2d – 1d, 2d – 2d)
Addition beyond basic facts with double regrouping (3d + 2d, 3d + 3d)
Multiplication basic facts
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Table 2:

Star Maths Strand and Objective Structure
Strand

Computation Processes
(continued)

Objective Description
Division basic facts
Multiplication beyond basic facts, no regrouping (2d × 1d)
Use a multiplication sentence to represent an area or an array model
Know basic division facts to 100 ÷ 10
Identify a missing term in a multiplication or a division number pattern
Generate a table of paired numbers based on a rule
Determine a rule that relates two variables
Subtraction beyond basic facts with double regrouping (3d – 2d, 3d – 3d)
Division beyond basic facts, no remainders (2d/1d)
Multiplication with regrouping (2d × 1d, 2d × 2d)
Division with remainders (2d/1d, 3d/1d)
Addition of whole numbers: any difficulty
Subtract two 2- to 4-digit whole numbers
Add fractions with the same denominator within one whole
Subtraction of fractions: Like single-digit denominators
Determine money amounts that total £10
Multiply a 1- or 2-digit whole number by a multiple of 10, 100 or 1,000
Multiply a 2-digit whole number by a 2-digit whole number
Use a division sentence to represent objects divided into equal groups
Subtract whole numbers with more than 4 digits
Add fractions with the same denominator beyond one whole
Multiply a 4-digit whole number by a 1-digit whole number
Determine the variable expression with one operation for a table of paired numbers
Division of whole numbers: any difficulty
Addition of fractions: Unlike single-digit denominators
Subtraction of fractions: Unlike single-digit denominators
Addition of mixed numbers
Subtraction of mixed numbers
Addition of decimals, place change (e.g. 2 + 0.45)
Divide a multi-digit whole number by a 2-digit whole number, with a remainder and at
least one zero in the quotient
Divide a multi-digit whole number by a 2-digit whole number and express the quotient
as a mixed number
Add fractions with unlike denominators that have factors in common and simplify the
sum
Subtract fractions with unlike denominators that have factors in common and simplify
the difference
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Table 2:

Star Maths Strand and Objective Structure
Strand

Computation Processes
(continued)

Objective Description
Subtract fractions with unlike denominators that have no factors in common
Subtract two decimal numbers of differing places to thousandths
Multiply a decimal number through thousandths by 10, 100 or 1000
Add two decimal numbers of differing places to thousandths
Determine the reciprocal of a positive whole number, a proper fraction or an improper
fraction
Multiplication of fractions: Single-digit denominators
Division of fractions: Single-digit denominators
Subtraction of decimals, place change (e.g. 5 – 0.4)
Multiplication of decimals
Division of decimals
Proportions
Ratios
Divide a whole number by a 1-digit whole number resulting in a decimal quotient
through thousandths
Divide a whole number by a 2-digit whole number resulting in a decimal quotient
through thousandths
Multiply a mixed number by a fraction
Multiply a mixed number by a whole number
Divide a fraction by a whole number resulting in a fractional quotient
Divide a decimal number through thousandths by a 1- or 2-digit whole number where
the quotient has 2–5 decimal places
Divide a decimal number by a decimal number through thousandths, rounded quotient
if needed
Divide a decimal number by 10, 100 or 1000
Divide a 1- to 3-digit whole number by a decimal number to tenths where the quotient is
a whole number
Multiply a decimal number through thousandths by a whole number
Subtract a mixed number from a whole number
Advanced concepts: Identify prime factors of a composite number
Advanced concepts: Can determine greatest common factor
Advanced concepts: Can determine least common multiple
Multiplication of mixed numbers
Division of mixed numbers
Convert fraction to percentage
Calculate percentage of quantity
Reverse percentages
Add integers
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Table 2:

Star Maths Strand and Objective Structure
Strand

Computation Processes
(continued)

Objective Description
Subtract integers
Multiply integers
Divide integers
Advanced concepts: Recognise meaning of index notation (2–10)
Advanced concepts: Use of negative numbers
Evaluate a numerical expression of four or more operations, with parentheses, using
order of operations
Determine a percentage of a number given a percentage that is not a whole percentage
Determine the percentage one number is of another number
Determine a number given a part and a decimal percentage or a percentage more than
100%
Add or subtract signed fractions or mixed numbers
Evaluate a numerical expression involving nested parentheses
Evaluate a numerical expression involving integer exponents and/or integer bases
Evaluate an integer raised to a whole number power
Simplify a monomial numerical expression involving the square root of a
whole number
Apply the product of powers property to a monomial numerical expression
Apply the power of a power property to a monomial numerical expression
Apply the quotient of powers property to monomial numerical expressions
Multiply monomial numerical expressions involving radicals
Divide monomial numerical expressions involving radicals
Add and/or subtract numerical radical expressions
Multiply a binomial numerical radical expression by a numerical radical
expression
Rationalise the denominator of a numerical radical expression
Advanced concepts: Recognise meaning of index notation (negative indices)
Advanced concepts: Recognise meaning of nth root
Simplify nth roots
Operations on complex numbers
Exponential equations to logarithmic form
Find logarithms by converting to exponential form
Simplify expressions with fractional exponents
Add and subtract radical expressions
Write imaginary numbers: bi
Raise i to powers
Advanced concepts: Recognise meaning of index notation (fractional indices)
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Table 2:

Star Maths Strand and Objective Structure
Strand

Approximation

Objective Description
Approximations: Addition of whole numbers, any difficulty
Approximations: Subtraction of whole numbers, any difficulty
Approximations: Addition beyond basic facts, no regrouping (2d + 1d)
Approximations: Subtraction beyond basic facts, no regrouping (2d – 1d)
Approximate a sum or difference of 2- to 3-digit whole numbers using any method
Approximate a sum or difference of 3- to 4-digit whole numbers using any method
Approximations: Multiplication beyond basic facts, no regrouping (2d × 1d)
Approximations: Division beyond basic facts, no remainders (2d/1d)
Approximations: Multiplication of whole numbers, any difficulty
Approximations: Division of whole numbers, any difficulty
Approximations: Addition of mixed numbers
Approximations: Addition of decimals, no place change (e.g. 2.34 + 10.32)
Approximations: Addition of decimals, place change (e.g. 2 + 0.45)
Estimate the sum of two decimal numbers through thousandths and less than 1 by
rounding to a specified place
Approximations: Addition of fractions, unlike single-digit denominators
Approximations: Subtraction of fractions, unlike single-digit denominators
Approximations: Subtraction of mixed numbers
Approximations: Subtraction of decimals, no place change (e.g. 0.53 – 0.42)
Approximations: Subtraction of decimals, place change (e.g. 5 – 0.4)
Estimate the difference of two decimal numbers through thousandths and less than 1
by rounding to a specified place
Approximations: Convert fraction to percentage
Approximations: Calculate percentage of quantity
Approximations: Reverse percentages

Word Problems

Solve one-step problems that involve addition of two numbers, using pictorial
representations
WP: Subtraction of basic facts
WP: Addition beyond basic facts, no regrouping (2d + 1d)
WP: Subtract a 1-digit number from a 2-digit number without regrouping
WP: Add two 2-digit numbers without regrouping
WP: Subtract a 2-digit number from a 2-digit number without regrouping
WP: Determine a missing addend in a basic addition-fact number sentence
WP: Determine a missing subtrahend in a basic subtraction-fact number sentence
WP: Determine a basic addition-fact number sentence for a given situation
WP: Determine a basic subtraction-fact number sentence for a given situation
WP: Use basic addition facts to solve problems
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Table 2:

Star Maths Strand and Objective Structure
Strand

Objective Description

Word Problems (continued) WP: Addition beyond basic facts with regrouping (2d + 1d, 2d + 2d)
WP: Divide objects into equal groups by sharing
WP: Add two 3-digit numbers without regrouping
WP: Subtract a 3-digit number from a 3-digit number without regrouping
WP: Determine the operation needed for a given situation
WP: Subtraction beyond basic facts with regrouping (2d – 1d, 2d – 2d)
WP: Multiplication of basic facts
WP: Multiplication beyond basic facts, no regrouping (2d × 1d)
WP: Addition of whole numbers, any difficulty
WP: Determine the amount of change from whole pound amounts
WP: Multiply using basic facts to 10 × 10
WP: Divide using basic facts to 100 ÷ 10
WP: Determine a multiplication or division sentence for a given situation
WP: Approximate a sum or difference of two 3-digit whole numbers using any method
WP: Approximate a sum or difference of two 4-digit whole numbers using any method
WP: Division of basic facts
WP: Division beyond basic facts, no remainders (2d/1d)
WP: Multiplication with regrouping (2d × 1d, 2d × 2d)
WP: Subtraction of whole numbers, any difficulty
WP: Addition of fractions, like single-digit denominators
WP: Subtraction of fractions, like single-digit denominators
WP: Solve a 2-step whole-number problem using addition and subtraction
WP: Multiply a 3-digit whole number by a 1-digit whole number
WP: Divide a 3-digit whole number by a 1-digit whole number with a remainder in the
quotient
WP: Divide a 3-digit whole number by a 1-digit whole number with no remainder in the
quotient
WP: Subtract fractions with like denominators no greater than 10 and simplify the
difference
WP: Solve a 2-step whole number problem using more than one operation
WP: Multiply a 4-digit whole number by a 1-digit whole number
WP: Division with remainders (2d/1d, 3d/1d)
WP: Multiplication of whole numbers, any difficulty
WP: Division of whole numbers, any difficulty
WP: Addition of fractions, unlike single-digit denominators
WP: Subtraction of fractions, unlike single-digit denominators
WP: Addition of decimals, place change (e.g. 2 + .45)
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Table 2:

Star Maths Strand and Objective Structure
Strand

Objective Description

Word Problems (continued) WP: Solve a 2-step problem involving whole numbers
WP: Estimate a quotient using any method
WP: Estimate a product of two whole numbers using any method
WP: Add or subtract decimal numbers through thousandths
WP: Add or subtract a decimal number through thousandths and a whole number
WP: Estimate the sum or difference of two decimal numbers through thousandths using
any method
WP: Use a unit rate, with a whole number or whole cent value, to solve a problem
WP: Subtract fractions with like denominators and simplify the difference
WP: Add mixed numbers with like denominators and simplify the sum
WP: Subtract mixed numbers with like denominators and simplify the difference
WP: Add fractions with like denominators and simplify the sum
WP: Subtraction of decimals, place change (e.g. 5 – 0.4)
WP: Multiplication of decimals
WP: Division of decimals
WP: Proportions
WP: Ratios
WP: Divide a whole number by a 1- or 2-digit whole number resulting in a decimal
quotient
WP: Solve a multi-step problem involving whole numbers
WP: Divide a whole number and interpret the remainder
WP: Multiply or divide a fraction by a fraction
WP: Multiply or divide two mixed numbers or a mixed number and a fraction
WP: Multiply a decimal number through thousandths by a whole number
WP: Divide a decimal through thousandths by a decimal through thousandths, rounded
quotient if needed
WP: Determine a unit rate with a whole number value
WP: Solve a 2-step problem involving fractions
WP: Divide a decimal number through thousandths by a 1- or 2-digit whole number
WP: Divide a whole number by a decimal number through thousandths, rounded
quotient if needed
WP: Estimate the quotient of two decimals
WP: Solve a 2-step problem involving decimals
WP: Determine a part given a ratio and the whole where the whole is less than 50
WP: Add and subtract using integers
WP: Answer a question involving a fraction and a percent
WP: Multiply or divide integers

Star Assessments™ for Maths
Technical Manual

26

Content and Test Design
Content Specification

Table 2:

Star Maths Strand and Objective Structure
Strand

Objective Description

Word Problems (continued) WP: Determine a part, given part to whole ratio and the whole, where the whole is
greater than 50
WP: Determine a part, given part to whole ratio and a part, where the whole is greater
than 50
WP: Determine the whole, given part to whole ratio and a part, where the whole is
greater than 50
WP: Determine the percent of decrease applied to a number
WP: Determine the result of applying a percent of increase to a value
WP: Determine a part, given part to part ratio and a part, where the whole is greater than
50
WP: Determine a unit rate
WP: Use a unit rate to solve a problem
WP: Convert fraction to percentage
WP: Calculate percentage of quantity
WP: Reverse percentages
WP: Determine a given percent of a number
WP: Determine a number given a part and a decimal percentage or a percentage more
than 100%
WP: Estimate a given percent of a number
Measures

Use simple vocabulary of measurement
Order months of the year
Measure length in centimetres
Tell time to the hour and half hour
Order days of the week
Measure length in inches
Determine the pence amount that totals a pound
Tell time to the quarter hour
Tell time to 5-minute intervals
Understand the value of groups of UK coins to £1
Translate between a pound sign and a pence sign
Convert money amounts in words to amounts in symbols
Perimeter: triangle
Tell time to the minute
Read a thermometer
Read a thermometer in degrees Celsius
Perimeter: square
Perimeter: rectangle
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Table 2:

Star Maths Strand and Objective Structure
Strand

Measures (continued)

Objective Description
Determine the perimeter of a rectangle given a picture showing length and width
Area: Square
Area: Rectangle
Determine the missing side length of a rectangle given a side length and the area
Understand imperial units of length
Convert within metric units of mass, length and capacity using numbers up to two
decimal places
Estimate length with metric units
Calculate elapsed time exceeding an hour with regrouping
Convert within metric units of mass, length and capacity using numbers with three
decimal places
WP: Determine the area of a rectangle
WP: Calculate elapsed time exceeding an hour with regrouping hours
WP: Determine the area of a square or rectangle
Area: Right triangle
Determine the area of a complex shape
Estimate angles
WP: Determine a missing dimension given the area and another dimension
WP: Determine the perimeter of a complex shape
Area: Circle
Know equivalents of metric and imperial units
WP: Determine the area of a triangle
WP: Determine a measure of length, weight or mass or capacity or volume using
proportional relationships
Determine a length given the area of a parallelogram
Determine the area of a sector of a circle
Determine the length of the radius or the diameter of a circle given the area of a sector
Determine the measure of an arc or an angle given the area of a sector of a circle
Determine the area or circumference of a circle given an equation of the circle
Determine an expression or equation that can represent the area or perimeter of a figure
Determine a length given the area of a kite or rhombus
Determine a length given the area of a trapezium

Shape and Space

Compare common objects to basic shapes
Recognise features of basic shapes
Recognise simple fractions: halves, thirds and quarters
Identify common plane shapes
Identify common plane shapes when rotated
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Table 2:

Star Maths Strand and Objective Structure
Strand

Shape and Space
(continued)

Objective Description
Determine the common attributes in a set of geometric shapes
Use basic terms to describe position
Understand basic reflective symmetry
Identify common solid shapes
Continue number patterns
Identify parallel lines
Identify perpendicular lines
Classify angles (obtuse, etc.)
Classify an angle given its measure
Determine lines of symmetry
Use a table to represent the values from a first-quadrant graph
Circle terms
Volume: Rectangular prism
Determine the ordered pair of a point in any quadrant
Calculate angles in a triangle
Determine a missing dimension given two similar shapes
Use properties of intersecting lines
Use properties of perpendicular lines
Vertical and supplementary angles
Determine the volume of a rectangular or a triangular prism
Determine the measure of an angle in a figure involving parallel lines
WP: Use the Pythagorean theorem to find a length or a distance
Use properties of parallel lines
Use the Pythagorean theorem
Determine the midpoint of a line segment given the coordinates of the endpoints
Determine the measure of an angle formed by parallel lines and one or more
transversals given an angle measure
Identify similar triangles using triangle similarity postulates or theorems
Determine a length using parallel lines and proportional parts
Solve a problem involving the length of an arc
Determine the length of a line segment, the measure of an angle or the measure of an
arc using a tangent to a circle
Identify congruent triangles using triangle congruence postulates or theorems
Solve a problem involving the distance formula
Solve a problem using inequalities in a triangle
Solve for the length of a side of a triangle using the Pythagorean theorem
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Table 2:

Star Maths Strand and Objective Structure
Strand

Shape and Space
(continued)

Objective Description
WP: Determine a length or an angle measure using triangle relationships
Determine the length of a side or the measure of an angle in congruent triangles
Determine the length of a side in one of two similar polygons
Determine the length of a side or the measure of an angle in similar triangles
Determine a length given the perimeters of similar triangles or the lengths of
corresponding interior line segments
Determine a length in a triangle using a midsegment
Determine a sine, cosine or tangent ratio in a right triangle
Determine the measure of an arc or a central angle using the relationship between the
arc and the central angle
Relate the coordinates of a preimage or an image to a translation described using
mapping notation
Determine the coordinates of a preimage or an image given a reflection across a
horizontal line, a vertical line, the line y = x or the line y = –x
Relate the coordinates of a preimage or an image to a dilation centred at the origin
Determine the coordinates of the image of a figure after two transformations of the
same type
Solve a problem involving the midpoint formula
Identify a relationship between points, lines and/or planes
Determine a length or an angle measure using the segment addition postulate or the
angle addition postulate
Solve a problem involving a bisected angle or a bisected segment
Identify parallel lines using angle relationships
Determine the measure of an angle in a figure involving parallel and/or perpendicular
lines
Determine the measure of an angle using angle relationships and the sum of the interior
angles in a triangle
Solve a problem involving a point on the bisector of an angle
Determine a length or an angle measure using general properties of parallelograms
Determine a length or an angle measure using properties of squares, rectangles or
rhombi
Determine a length or an angle measure using properties of kites
Determine a length or an angle measure using properties of trapeziums
Determine a length or an angle measure in a complex figure using properties of
polygons
Solve a problem involving the surface areas of similar solid figures
Determine the angle of rotational symmetry of a figure
Use coordinates to identify a polygon
Use deductive reasoning to draw a valid conclusion from conditional statements
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Table 2:

Star Maths Strand and Objective Structure
Strand

Shape and Space
(continued)

Objective Description
Identify a statement or an example that disproves a conjecture
Identify a valid biconditional statement
Determine the effect of a change in dimensions on the perimeter or area of a shape
Determine the number of faces, edges or vertices in a 3-dimensional figure
Visualise a 3-dimensional shape from different perspectives
Identify a cross section of a 3-dimensional shape
Relate a net to a 3-dimensional shape
Use coordinates to describe a geometric figure
Identify or describe the centroid, circumcentre, incentre or orthocentre of a triangle
Identify the converse, inverse or contrapositive of a statement
Determine the distance between two points on a coordinate plane
Identify a geometric construction given an illustration
Determine the measure of an angle formed by parallel lines and one or more
transversals given algebraic expressions
Use triangle inequalities to determine a possible side length given the length of two
sides
Determine the measure of an angle or an arc using a tangent to a circle
Convert between degree measure and radian measure

Algebra

Count in twos, fives and tens
Linear equations: 1 unknown
Reciprocals of rational numbers
Evaluate a 2-variable expression, with two or three operations, using whole number
substitution
Use a 2-variable equation to construct an input-output table
Solve a 1-step equation involving whole numbers
Use a 2-variable equation to represent a relationship expressed in a table
WP: Evaluate a 1- or 2-variable expression or formula using whole numbers
WP: Generate a table of paired numbers based on a variable expression with one
operation
WP: Use a 2-variable linear equation to represent a situation
WP: Use a 2-variable equation to represent a situation involving a direct proportion
Translate word problem to equation
Sequences and series: Find specified term of arithmetic sequences
Evaluate a 2-variable expression, with two or three operations, using integer substitution
Solve a proportion involving decimals
Solve a 2-step linear equation involving integers
Solve a 1-step linear equation involving integers
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Table 2:

Star Maths Strand and Objective Structure
Strand

Algebra (continued)

Objective Description
WP: Use a 1-variable 1-step equation to represent a situation
Linear Inequalities: 1 unknown
Polynomials: Multiplication
Factorise algebraic expressions
Sequences and series: Common differences in arithmetic sequences
Determine the graph of a 1-operation linear function
Simplify an algebraic expression by combining like terms
Multiply two monomial algebraic expressions
Solve a 1-step equation involving rational numbers
Solve a 2-step equation involving rational numbers
Determine the table of values that represents a linear equation with rational coefficients
in two variables
Determine a linear equation in two variables that represents a table of values
Determine the graph of a 2-operation linear function
Determine the gradient of a line given its graph or a graph of a line with a given gradient
Determine the x- or y-intercept of a line given its graph
Solve a 2-step linear inequality in one variable
WP: Solve a problem involving a 1-variable, 2-step equation
WP: Interpret the meaning of the gradient of a graphed line
WP: Use a 1-variable equation with rational coefficients to represent a situation
involving two operations
WP: Use a 2-variable equation with rational coefficients to represent a situation
WP: Solve a problem involving a 2-step linear inequality in one variable
Linear equations: 2 unknowns
Graph of linear equation (integers add, subtract)
Represent linear inequalities
Polynomials: Addition and subtraction
Solve pair of linear equations
Determine gradient
Determine intercept
Evaluate a function written in function notation for a given value
Solve a 1-variable linear equation with the variable on both sides
Determine the graph of a linear equation
Determine an equation of a line in standard form given the gradient and y-intercept
Solve a radical equation that leads to a quadratic equation
Simplify a rational expression involving polynomial terms
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Table 2:

Star Maths Strand and Objective Structure
Strand

Algebra (continued)

Objective Description
Multiply rational expressions
Divide a polynomial expression by a monomial
Solve a rational equation involving terms with polynomial denominators
Determine an equation for a line given the gradient of the line and a point on the line
that is not the y-intercept
Determine an equation of a line given two points on the line
Apply the product of powers property to a monomial algebraic expression
Apply the power of a power property to a monomial algebraic expression
Apply the power of a product property to a monomial algebraic expression
Apply the quotient of powers property to monomial algebraic expressions
Apply the power of a quotient property to monomial algebraic expressions
Multiply two binomials of the form (ax +/– b)(cx +/– d)
Factorise the HCF from a polynomial expression
Factorise trinomials that result in factors of the form (ax +/– b)(cx +/– d)
Determine the graph of a given quadratic function
WP: Determine a reasonable domain or range for a function in a given situation
Solve a 1-variable linear inequality with the variable on both sides
Determine the gradient of a line given an equation
Determine the graph of a line using given information
Simplify a monomial algebraic radical expression
Solve a radical equation that leads to a linear equation
Apply terminology related to polynomials
Multiply two binomials of the form (x +/– a)(x +/– b)
Select the algebraic notation which generalises the pattern represented by data in a
given table
Translate a verbal sentence into an algebraic equation.
Solve a 1-variable linear inequality with the variable on one side
Solve a number problem that can be represented by a linear system of equations
Determine if a function is linear or nonlinear
Solve a 1-variable linear equation that requires simplification and has the variable on
one side
WP: Solve a direct- or inverse-variation problem
Solve a 1-variable compound inequality
Determine an equation for a line that goes through a given point and is parallel or
perpendicular to a given line
Solve a system of linear equations in two variables by substitution
Solve a system of linear equations in two variables by elimination
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Table 2:

Star Maths Strand and Objective Structure
Strand

Algebra (continued)

Objective Description
Determine the number of solutions to a system of linear equations
Determine the graph of the solution set of a system of linear inequalities in two
variables
Simplify a polynomial expression by combining like terms
Multiply a polynomial by a monomial
Multiply two binomials of the form (ax +/– by)(cx +/– dy)
Multiply a trinomial by a binomial
Factorise trinomials that result in factors of the form (x +/– a)(x +/– b)
Factorise trinomials that result in factors of the form (ax +/– by)(cx +/– dy)
Factorise the difference of two squares
Factorise a perfect-square trinomial
Solve a quadratic equation by taking the square root
Determine the solution(s) of an equation given in factorised form
Multiply monomial algebraic radical expressions
Divide monomial algebraic radical expressions
Divide a polynomial expression by a binomial
Add or subtract two rational expressions with like denominators
Add or subtract two rational expressions with unlike monomial denominators
Solve a proportion that generates a linear or quadratic equation
Determine the independent or dependent variable in a given situation
Determine if a table or an equation represents a direct variation, an inverse variation or
neither
Solve a 2-variable linear inequality for the dependent variable
Determine if an ordered pair is a solution to a 2-variable linear inequality
Determine a 2-variable linear inequality represented by a graph
Apply properties of exponents to monomial algebraic expressions
Factorise a polynomial that has a HCF and two linear binomial factors
Rationalise the denominator of an algebraic radical expression
Add or subtract algebraic radical expressions
WP: Represent a proportional relationship as a linear equation
Determine the effect of a change in the gradient and/or y-intercept on the graph of a line
Determine the result of a change in a or c on the graph of y = ax^2 + c
Determine the gradient of a line given a table of values
Determine the x- or y-intercept of a line given a 2-variable equation
Determine the gradient of a line given the graph of the line
Determine an equation of a line given the gradient and y-intercept
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Table 2:

Star Maths Strand and Objective Structure
Strand

Algebra (continued)

Objective Description
Determine an equation of a line in standard form given two points on the line
WP: Answer a question using the graph of a quadratic function
Linear inequalities: 2 unknown
Quadratic equations: Square root rule
Quadratic equations: Factorisation
Determine if lines through points with given coordinates are parallel or perpendicular
Determine an equation of a circle
Determine the radius, centre or diameter of a circle given an equation
Use inductive reasoning to determine a rule
Determine an equation for a line parallel or perpendicular to a given graphed line
Solve a rational equation involving terms with monomial denominators
Determine the composition of two functions
Multiply a matrix by a scalar
Add or subtract matrices
Multiply matrices
WP: Matrices
Represent an algebraic radical expression in exponential form
Simplify expressions with rational exponents
Add or subtract complex numbers
Simplify an expression involving a complex denominator
Long division, factorise higher-term polynomials
Factorise 4-term expressions by grouping
Convert between a simple exponential equation and its corresponding logarithmic
equation
Solve a logarithmic equation
Determine the graph of a circle given the equation in standard form
Determine the graph of a hyperbola given the equation in standard form
Determine the graph of a vertically oriented parabola
Determine the graph of a horizontally oriented parabola
Graph sine and cosine functions
Identify the domain or range of a radical function
Determine the domain and range given a graph
Determine if functions are one-to-one
Graph inverses of linear functions
Verify ordered triples are solutions to systems
Solve systems, three equations
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Table 2:

Star Maths Strand and Objective Structure
Strand

Algebra (continued)

Objective Description
Write quadratic equations given solutions
Solve cubic equations
Relate a quadratic inequality in two variables to its graph
Factorise the difference of squares
Factorise polynomials into binomials and trinomials
Rational expressions, domains
Circles, write equations given centres and radii
Graph ellipses
Find terms of arithmetic sequence (1st term and common diff)
Find specified term of arithmetic sequence
Find terms of arithmetic sequence (formula for nth term)
WP: Solve a problem that can be represented by an arithmetic sequence
Find ratios of geometric sequences
Find specified term of geometric sequence given first 3 terms
Determine the explicit formula for an arithmetic sequence
Identify a given sequence as arithmetic, geometric or neither
Determine the graph of a piecewise-defined function
Determine the component form of a vector represented on a graph
Relate a graph to a polynomial function given in factorised form
Identify a complex number represented as a vector on a coordinate plane
Relate a graph to a square or cube root function
Determine values of the inverse of a function using a table or a graph
Simplify a monomial algebraic expression that includes fractional exponents and/or nth
roots
Multiply or divide functions
Represent a system of linear equations as a single-matrix equation
Multiply complex numbers
Add or subtract vectors component-wise
Evaluate a linear combination of vectors
Identify the vertex, axis of symmetry or direction of the graph of a quadratic function
Identify the end behaviour, asymptotes, excluded values or behaviour near excluded
values of a rational function
Determine if the inverse of a function is a function
Determine the equation of the inverse of a linear, rational root or polynomial function
Determine the equation of a function resulting from a translation and/or scaling of a
given function
Simplify a monomial algebraic expression that includes nth roots
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Table 2:

Star Maths Strand and Objective Structure
Strand

Algebra (continued)

Objective Description
Determine an equation of a circle with centre at the origin
Quadratic equations: Completing the square

Data Analysis and Statistics Read tally charts
Read a 2-category tally chart
Use a 2-category tally chart to represent groups of objects (1 symbol = 1 object)
Read a simple pictograph (1 symbol = 1 object)
Read bar graph
Read pie chart
Use a pictograph to represent data (1 symbol = more than 1 object)
Answer a question using information from a bar graph with a y-axis scale by 2s
Use a bar graph with a y-axis scale by 2s to represent data
Answer a question using information from a 2-category tally chart
Read a simple pictograph (1 symbol = more than 1 object)
Read table
Interpret table
Interpret bar graph
Process data given in a pie chart
Answer a question using information from a pictograph (1 symbol = more than 1 object)
Read a line plot
Answer a question using information from a line plot
Use a line graph to represent data
Read a double-bar graph
Answer a question using information from a double-bar graph
Read a line graph
Use a double-bar graph to represent data
Answer a question using information from a line graph
Determine the median of an odd number of data values
Read a double- or stacked-bar graph
Determine the median of an even number of data values
Statistics: Mean
Statistics: Grouped data
Probability: Simple
Probability: Joint
Use a circle graph to represent percentage data
Use a histogram to represent data
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Table 2:

Star Maths Strand and Objective Structure
Strand

Objective Description

Data Analysis and Statistics Answer a question using information from a circle graph using percentage calculations
(continued)
Answer a question using information from a histogram
Answer a question using information from a Venn diagram containing summarised data
Use a proportion to make an estimate, related to a population, based on a sample
Answer a question using information from a scatter plot
Determine if a scatter plot shows a positive relationship, a negative relationship or no
relationship between the variables
Make a prediction based on a scatter plot

On the Star Maths 3.x and higher Diagnostic Report, the shaded region of each
bar chart reflects the amount of material within each strand that the student
has most likely mastered. These estimates are based on the US Star Maths
2.0 norming data, and mastery is defined as 70% proficient. Therefore, if a
student’s ability estimate suggests that she could answer 70% or more correct
on a specific objective cluster, such as Hundreds, she will have “mastered”
that objective cluster and that box will be shaded on her Diagnostic Report.
Because the content in the strands included in the objective clusters is
hierarchical, students most likely master the objective clusters in sequential
order. The solid black line on the bar chart points to the objective cluster that
the student is currently developing or the lowest objective that she has not
mastered.

Rules for Writing Items
When preparing specific items to test student knowledge of the content
selected for Star Maths, several item-writing rules were employed. These rules
helped to shape the final appearance of the content and hence, became part
of the content specifications:
XX

XX
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The first and perhaps most important rule was to have the item content,
wording and format reflect the typical appearance of the content in
curricular materials. In some testing applications, one might want the
item to look different from how the content typically appears in curricular
materials. However, the target for the Star Maths test was to have the
items reflect how the content appears in curricular materials that students
are likely to have used.
Second, every effort was made to keep item content simple and to keep
the required reading levels low. Although there may be some situations
in which one would want to make test items appear complex or use
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higher levels of reading difficulty, for the Star Maths test, the intent was to
simplify when possible.
XX

XX

XX

Third, efforts were made both in the item-writing and in the item-editing
phases to minimise cultural loading, gender stereotyping and ethnic bias in
the items.
Fourth, the items had to be written in such a way as to be presented in the
computerised-adaptive format.
Finally, items were all to be presented in a multiple-choice format. Answer
choices were to be laid out in a 4 × 1 matrix, a 2 × 2 matrix or a 1 × 4
matrix.

In all cases, the distracters chosen were representative of the most common
errors for the particular question stem. A “not given” response option was
included only for the Computation Processes strand. This option was included
to minimise estimation as a response strategy and to encourage the student
to actually work the problem to completion.
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Background
Item and scale calibration involves estimating the scaled difficulty of test
items by administering them to examinees whose ability is known or
estimated, then fitting item response models that express the probability of
a correct response to each item as a function of examinee ability. To provide
accurate item difficulty parameter estimates requires an adequate number
of responses to each item from examinees spanning a broad range of ability.
The distribution of ability in the examinee samples need not be closely
representative of the distribution of ability in the population, but it needs to
be diverse, with large enough numbers of observations above and below the
middle of the ability range as well as from the middle range itself.
The introduction of the second generation of the US Star Math test marks the
third major evolution in the calibration of Star Maths items. For the original
1998 version of Star Maths, data for item calibration were collected using
printed test booklets and answer sheets, in which the items were formatted to
closely match the appearance those items would later take when displayed on
computer screens. For the first revision of Star Maths in 2001, data collection
was done entirely by computer, using a special-purpose application program
that administered fixed test forms, but did so on screen, with the same display
format and user interface later used in the adaptive version of Star Maths 2.
The current Star Maths version in the UK is similar to version 2 but contains a
much larger item bank.
For the original version of Star Maths, approximately 2,450 items were
prepared according to the defined Star Maths content specifications. These
items were subjected to empirical tryout in 1997 in a national sample of
students in US grades 3–12. Following both traditional and item response
theory (IRT) analyses of the resulting item response data, 1,434 of the items
were chosen for use in the original Star Maths item bank.
In the development of Star Maths 2, about 1,100 new items were written.
The new items extended the content of the Star Maths item bank to include
US grades 1–12 and expanded the algebra coverage by adding a number
of new algebra objectives and items. Where needed, items measuring other
objectives were written to supplement existing items.
All of the new items had to be calibrated and placed on the same difficulty
scale as the original Star Maths item bank. Because a number of changes in
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item display features were introduced with Star Maths 2, Renaissance decided
to recalibrate the original Star Maths adaptive item bank simultaneously with
the new items written specifically for Star Maths 2. During that Calibration
Study, 2,471 items, including both the existing and the new items, were
administered in the spring of 2001 to a national sample of more than 44,000
students in US grades 1–12.
Star Maths is an application of the Rasch 1-parameter logistic item response
model. For each new item, its location on the Rasch difficulty scale is
estimated by fitting a logistic response function to the item responses with
known Rasch ability scores of the participating examinees. This chapter
describes the Rasch item response model, and the criteria applied to screen
calibrated items for inclusion in the Star Maths item banks. Following that, it
also summarises the item calibration effort.
The calibration of items for use in Star Maths Version 2, as noted above,
included a re-calibration of the original Star Maths items, along with new items
developed specifically for Star Maths 2. Those analyses established the Star
Maths Rasch ability/item difficulty scale that continues in use today with Star
Maths.

The Rasch Item Response Model
In addition to traditional item analyses, the Star Maths calibration data
are analyzed using item response theory (IRT) methods. With IRT, the
performance of students and the items they answer are placed on the same
scale. To accomplish this, every test question is calibrated.
Calibration is an IRT-based analytical method for estimating the location of
a test question on a common scale used to measure both examinee ability
and item difficulty. It is done by administering each question to hundreds and
sometimes thousands of students with known achievement performance
levels. As a result of calibration, Star “knows” the relative difficulty of every
item from Years 2 through 13 and expresses it on a vertical developmental
scale spanning from the easiest to the hardest questions in the item bank.
After a student takes a Star assessment, the student’s score can be plotted
on this vertical developmental scale. Placing students and items on the same
scale is the key breakthrough of IRT because it allows for assigning scores on
the same scale even though students take different tests. IRT also provides
a means to estimate what skills a student knows and doesn’t know, without
explicitly testing each and every skill.
IRT methods develop mathematical models of the relationship of student
ability to the difficulty of specific test questions; more specifically, they model
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the probability of a correct response to each test question as a function of
student ability. Although IRT methods encompass a family of mathematical
models, the one-parameter (or Rasch) IRT model was selected for the Star
Maths data both for its simplicity and its ability to accurately model the
performance of the Star Maths items.
Within IRT, the probability of answering an item correctly is a function of
the student’s ability and the difficulty of the item. Since IRT places the item
difficulty and student ability on the same scale, this relationship can be
represented graphically in the form of an item response function (IRF).
Figure 1 is a plot of three item response functions: one for an easy item,
one for a more difficult one and one for an even harder item. Each plot is a
continuous S-shaped (ogive) curve. The horizontal axis is the scale of student
ability, ranging from very low ability (–5.0 on the scale) to very high ability
(+5.0 on the scale). The vertical axis is the percentage of students expected
to answer each of the three items correctly at any given point on the ability
scale. Notice that the expected percentage correct increases as student ability
increases, but varies from one item to another.
Figure 1:

Three Examples of Item Response Functions

In Figure 1, each item’s difficulty is the scale point where the expected
percentage correct is exactly 50. These points are depicted by vertical lines
going from the 50% point to the corresponding locations on the ability scale.
The easiest item has a difficulty scale value of about –1.67; this means
that students located at –1.67 on the ability scale have a 50-50 chance
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of answering that item right. The scale values of the other two items are
approximately +0.20 and +1.25, respectively.
Calibration of test items produces estimates of the IRT difficulty parameter
for each test item and places all of the item parameters onto a single scale
used to assess the difficulty of test items and the ability of students, ranging
from Years 2 through 13. The difficulty parameter for each item is estimated,
along with measures to indicate how well the item conforms to (or “fits”) the
theoretical expectations of the presumed IRT model.
Also plotted in Figure 1 are the actual percentages of correct responses of
groups of students to all three items. Each group is represented as a small
triangle, circle or diamond. Each of those geometric symbols is a plot of the
percentage correct against the average ability level of the group. Ten groups’
data are plotted for each item; the triangular points represent the groups
responding to the easiest item. The circles and diamonds, respectively,
represent the groups responding to the moderate and to the most difficult
item.

Calibration of Star Maths for Use in Version 2
This section summarises the psychometric research and development
undertaken to prepare the large pool of calibrated maths test items for use
in Star Maths version 2. As already described above, about 1,100 items
spanning US grades 1 to 12 were added to the Star Maths Version 1 items in
the Star Maths 2 calibration. Data were collected in the Spring of 2001. The
calibration analyses of those items established the underlying Star Maths
Rasch scale that persists today. The methodology used to develop that scale
is summarised below.

Sample Description
To obtain a sample that was representative of the diversity of mathematics
achievement in the US school population, school districts, specific schools
and individual students were selected to participate in the Calibration Study.
The sampling frame consisted of all US schools, stratified on three key
variables: geographic region of the country, school size and socioeconomic
status. The Star Maths 2 calibration sample included students from 261
schools from 45 of the 50 US states. Table 3 and Table 4 present the
characteristics of the calibration sample.
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Table 3:

Sample Characteristics, Star Math US 2 Calibration Study—Spring
2001 (N = 44,939 Students)
Students

Geographic Region

District Socioeconomic
Status

School Type and District
Enrolment

National %

Sample %

Northeast

20.4%

7.8%

Midwest

23.5%

22.1%

Southeast

24.3%

37.3%

West

31.8%

32.9%

Low

28.4%

30.2%

Average

29.6%

38.9%

High

31.8%

23.1%

Non-Public

10.2%

8.1%

< 200

15.8%

24.2%

200–499

19.1%

26.2%

500–1,999

30.2%

26.4%

≥ 2,000

24.7%

15.1%

10.2%

8.1%

Public

Non-Public
Table 4:

Ethnic Group and Gender Participation, Star Math US 2 Calibration
Study—Spring 2001 (N = 44,939 Students)
Students

Ethnic Group

Gender

National %

Sample %

Asian

3.9%

2.8%

Black

16.8%

14.9%

Hispanic

14.7%

10.3%

Native American

1.1%

1.6%

White

63.5%

70.4%

Response Rate

86.2%

35.7%

Female

Not available

49.8%

Male

Not available

50.2%

0.0%

55.9%

Response Rate

Item Presentation
The Star Maths 2 calibration data were collected by administering test items
on screen, with display characteristics identical to those implemented in the
earlier Star Maths version. However, the calibration items were administered
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in forms consisting of fixed sequences of items, as opposed to the adaptive
testing format.
Seven levels of test forms were constructed corresponding to varying US
grade levels. Because growth in mathematics is much more rapid in the lower
US grades, there was only one US grade per level for the first four levels. As
US grade level increases, there is more variation among both students and
school curricula, so a single test level can cover more than one US grade
level. US grades were assigned to test levels after extensive consultation with
mathematics instruction experts, and assignments were consistent both with
the Star Maths item development framework and with assignments used in
other maths achievement tests. To create the levels of test forms, therefore,
items were assigned to US grade levels such that resulting test forms
sampled an appropriate range of objectives from each of the strands that are
typically represented at or near the targeted US grade levels. Table 5 describes
the various test form designations used for the Star Maths 2 Calibration
Study.
Table 5:

Test Form Levels, US Grades, Numbers of Items per Form and
Numbers of Test Forms, Star Math US 2 Calibration Study—Spring
2001

Level

US Grades

Items per Form

Forms

Items

A

1

36

14

152

B

2

36

22

215

C

3

36

32

310

D

4

36

34

290

E

5–6

46

36

528

F

7–9

46

32

516

G

10–12

46

32

464

Students in US grades 1–4 (Years 2–5) for Levels A, B, C and D took 36-item
tests consisting of three practice items and 33 actual test items. Expected
testing time for these students was 30 minutes. Students in US grades 5–12/
Years 6–13 (Levels E, F and G) took 46-item tests consisting of three practice
items and 43 actual test items. Expected testing time for these students was
40 minutes.
Items within each level were distributed among a number of test forms.
Consistent with Star Maths 1.0, the content of each form was balanced
between two broad categories of items: items measuring Numeration
Concepts and Computation Processes and items measuring Other
Applications. Each form was organised into three sections: A, B and C.
Sections A and C each consisted of approximately 40% of the test length
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and contained items from both of the categories. Section A began with items
measuring Numeration Concepts and Computation Processes, followed by
items measuring Geometry, Estimation, Measurement, Word Problems and
Data Analysis, Probability and Statistics. Section C reversed this order, with
Geometry, Estimation, Measurement, Word Problems and Data Analysis,
Probability and Statistics items preceding Numeration Concepts and
Computation Processes items.
Section B comprised approximately 20% of the test length and contained two
types of anchor items. “Horizontal anchors” were common to a number of
test forms at the same level, and “vertical anchors” were common to forms at
adjacent levels. The anchor items were used to facilitate later analyses that
placed all item difficulty parameters on a common scale.
With the exception of Levels A and G, approximately half of the vertical
anchor items in each form came from the next lower level, and the other half
came from the next higher level. Items chosen as vertical anchor items were
selected partially based on their difficulty; items expected to be answered
correctly by more than 80% or fewer than 50% of out-of-level students were
not used as vertical anchor items.
Two versions of each form were used: version A and version B. Each version
A form consisted of Sections A, B and C in that order. Each version B form
contained the same items, arranged in reverse order, with Section C followed
by Sections B and A. The alternate forms counterbalanced the order of item
presentation, as a defence against possible order effects influencing the
psychometric properties of the items.
In all three test sections, items were chosen so that content was balanced at each
level, with the numbers of items measuring each of the content domains roughly
proportional to the distribution of items among the domains at each level.
In Levels A–G combined, there were 101 unique sets of test items. Each was
arranged in two alternate forms, versions A and B, that differed only in terms
of item presentation order. Therefore, there was a total of 202 test forms.
Following extensive quality control checks, the Star Maths 2 calibration item
response data were analysed by level, using both traditional item analysis
techniques and Item Response Theory (IRT) methods. For each test item,
the following information was derived using traditional psychometric item
analysis techniques:
XX

The number of students who attempted to answer the item.

XX

The number of students who did not attempt to answer the item.

XX
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The percentage of students who answered the item correctly (a traditional
measure of difficulty).
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XX
XX

XX

The percentage of students answering each option and the alternatives.
The correlation between answering the item correctly and the total score
(a traditional measure of discrimination).
The correlation between the endorsement of each alternative answer and
the total score.

Dynamic Calibration
An important new feature has been added to the assessment—dynamic
calibration. This new feature allows response data on new test items to be
collected during the Star testing sessions for the purpose of field testing and
calibrating those items.
When dynamic calibration is active, it works by embedding one or more
new items at random points during a Star test. These items do not count
toward the student’s Star test score, but item responses are stored for later
psychometric analysis. Students may take as many as three additional items
per test; in some cases, no additional items will be administered. On average,
this will only increase testing time by one to two minutes. The new, noncalibrated items will not count towards the student’s final scores, but will be
analysed in conjunction with the responses of hundreds of other students.
Student identification does not enter into the analyses; they are statistical
analyses only. The response data collected on new items allows for continual
evaluation of new item content and will contribute to continuous improvement
in Star tests’ assessment of student performance.

Traditional Item Difficulty
The difficulty of an item in traditional item analysis is the percentage (or
proportion) of students who answer the item correctly. This is typically
referred to as the “p-value” of the item. Low p-values (such as 15%) indicate
that the item is difficult since only a small percentage of students answered
it correctly. High p-values indicate that the majority of students answered the
item correctly and thus, the item is easy. It should be noted that the p-value
only has meaning for a particular item relative to the characteristics of the
sample of students who responded to it.
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Item Discriminating Power
The traditional measure of the discrimination of an item is the correlation
between the “mark” on the item (correct or incorrect) and the total test score.
Items that correlate highly with total test score will also tend to correlate with
one another more highly and produce a test with more internal consistency.
For the correct answer, the higher the correlation between the item mark and
the total score, the better the item is at discriminating between low-scoring
and high-scoring individuals. When the correlation between the correct answer
and the total test is low (or negative), the item is most likely not performing as
intended. The correlation between endorsing incorrect answers and the total
score should generally be low, since there should not be a positive relationship
between selecting an incorrect answer and scoring higher on the overall test.
At least two different correlation coefficients are commonly used during
item analysis: the point-biserial and the biserial coefficients. The former is a
traditional product-moment correlation that is readily calculated, but is known
to be somewhat biased in the case of items with p-values that deviate from
0.50. The biserial correlation is derived from the point-biserial and the p-value
and is preferred by many because it in effect corrects for the point-biserial’s
bias at low and high p-values. For item analysis of Star Maths 2 data, the
correlation coefficient of choice was the biserial.
Urry (1975) demonstrated that in cases where items could be answered
correctly by guessing (e.g., multiple choice items) the value of the biserial
correlation is itself attenuated at p-values different from 0.50, and particularly
as the p-value approaches the chance level. He derived a correction for
this attenuation, which we will refer to as the “Urry biserial correlation.” Urry
demonstrated that multiple choice adaptive tests are more efficient than
conventional tests only if the adaptive tests use items with Urry biserial
values that are considerably higher than the target levels often used to select
items for conventional test use. His suggestion was to reject items with Urry
biserial values lower than 0.62. Item analyses of Star Maths have used the
Urry biserial as the correlation coefficient of choice; item selection/rejection
decisions have been based in part on his suggested target of 0.62.

Rules for Item Retention
Following these analyses, each test item, along with both traditional and IRT
analysis information (including item response functions (IRF) and expected
information response functions (EIRF) plots) and information about the test
level, form and item identifier were stored in a specialised item statistics
database system. A panel of internal content reviewers then examined each
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item within content strands to determine whether the item met all criteria for
inclusion in the bank of US Star Maths 2 items. The item statistics database
system allowed experts easy access to all available information about an item
in order to interactively designate items that, in their opinion, did not meet
acceptable standards for inclusion in the Star Maths 2 item bank.
Items were eliminated if one or more of the following occurred:
XX

The item-total correlation (item discrimination) was less than 0.30.

XX

At least one of an item’s distracters had a positive item discrimination.

XX

The sample size of students attempting the item was less than 300.

XX

XX

The traditional item difficulty indicated that the item was too difficult or too
easy.
The item did not appear to fit the Rasch IRT model.

After each content reviewer had designated certain items for elimination,
those recommendations were combined and a second review was conducted
to resolve issues where there was not uniform agreement among all
reviewers.
Of the initial 2,471 items administered in the Star Maths 2 Calibration Study,
approximately 2,000 (81%) were deemed of sufficient quality to be retained
for further analyses. About 1,200 of these retained items were Star Maths 1
items.
Traditional item-level analyses were conducted again on the reduced data set.
In these analyses, the dimensionality assumption of combining the first and
second parts of the test was re-evaluated to ensure that all items could be
placed onto a single scale. In the final IRT calibration, all test forms and levels
were equated based on the information provided by the embedded anchor
items within each test form so that the resulting IRT item difficulty parameters
were placed onto a single scale spanning UK Years 2–13 (US grades K–12).

Computerised-Adaptive Test (CAT) Design
An additional level of content specification is determined by the student’s
performance during testing. In conventional paper-and-pencil standardised
tests, items retained from the item tryout or item calibration program are
organised by level. Then, each student takes all items within a given test
level. Thus, the student is only tested on those mathematical operations and
concepts deemed to be appropriate for his or her Year.
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On the other hand, in CATs such as Star Maths, the items taken by a student
are dynamically selected in light of that student’s performance during the
testing session. Thus, a low-performing student’s knowledge of maths
operations may branch to easier operations to better estimate maths
achievement level, and high-performing students may branch to more
challenging operations or concepts to better determine the breadth of their
maths knowledge and their maths achievement level.
During a CAT, a student may be “routed” to items at the lowest level of
difficulty within the overall pool of items, dependent upon the student’s
unfolding performance during the testing session. In general, when an item
is answered correctly, the student is routed to a more difficult item. When an
item is answered incorrectly, the student is instead routed to an easier item.

Scoring in the Star Maths Tests
Following the administration of each Star Maths item, and after the student
has selected a response, an updated estimate of the student’s underlying
maths achievement level is computed based on the student’s responses to
all of the items administered up to that point. A proprietary Bayesian-modal
item response theory estimation method is used for scoring until the student
has answered at least one item correctly and at least one item incorrectly.
Once the student has met this 1-correct and 1-incorrect criterion, the software
uses a proprietary Maximum-Likelihood IRT estimation procedure to avoid any
potential bias in computing the Rasch and Scaled Scores.
This approach to scoring enables the software to provide Rasch and Scaled
Scores that are statistically consistent and efficient. Scaled Scores are
expressed on a common vertical scale that spans all grade levels covered by
the Star Maths test.
Because the software expresses Scaled Scores on a common scale, Scaled
Scores are directly comparable with each other, regardless of Year level.
Other scores, such as Percentile Ranks, are derived from the Scaled Scores
obtained during the Star Maths norming studies.
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All measurement is subject to error. A measurement that is subject to a great
deal of error is said to be imprecise; a measurement that is subject to relatively
little error is said to be reliable. In psychometrics, the term reliability refers to
the degree of measurement precision, expressed as a proportion. A test with
perfect score precision would have a reliability coefficient equal to 1, meaning
that 100 per cent of the variation among students’ scores is attributable
to variation in the attribute the test measures, and none of the variation is
attributable to error. Perfect reliability is probably unattainable in educational
measurement; for example, a test with a reliability coefficient of 0.90 is more
likely. On such a test, 90 per cent of the variation among students’ scores is
attributable to the attribute being measured, and 10 per cent is attributable
to errors of measurement. Another way to think of score reliability is as a
measure of the consistency of test scores. Two kinds of consistency are of
concern when evaluating a test’s measurement precision: internal consistency
and consistency between different measurements. First, internal consistency
refers to the degree of confidence one can have in the precision of scores from
a single measurement. If the test’s internal consistency is 95 percent, just 5
percent of the variation of test scores is attributable to measurement error.
Second, reliability as a measure of consistency between two different
measurements indicates the extent to which a test yields consistent results
from one administration to another and from one test form to another. Tests
must yield somewhat consistent results in order to be useful; the reliability
coefficient is obtained by calculating the coefficient of correlation between
students’ scores on two different occasions, or on two alternate versions of
the test given at the same occasion. Because the amount of the attribute
being measured may change over time, and the content of tests may differ
from one version to another, the internal consistency reliability coefficient is
generally higher than the correlation between scores obtained on different
administrations.
There are a variety of methods of estimating the reliability coefficient of a
test. Methods such as Cronbach’s alpha and split-half reliability are singleadministration methods and assess internal consistency. Coefficients of
correlation calculated between scores on alternate forms, or on similar tests
administered two or more times on different occasions, are used to assess
alternate forms reliability, or test-retest reliability (stability).
In a computerised-adpative test (CAT) such as Star Maths, content varies
from one administration to another, and it also varies with each student’s
performance.
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Another feature of CATs based on Item Response Theory (IRT) is that the
degree of measurement error can be expressed for each student’s test
individually.
The Star Maths test provides two ways to evaluate the reliability of scores:
reliability coefficients, which indicate the overall precision of a set of test
scores as a proportion, and standard errors of measurement (SEM), which
provide an index of the degree of error in test scores on the same scale used
to express the scores.
A reliability coefficient is a summary statistic that reflects the average amount
of measurement precision for a specific examinee group or for a population as
a whole.
In Star Maths, two types of SEM are calculated: “global SEM”, which is a
summary of a test’s measurement error, calculated for a sample or population
of examinees, and “conditional SEM”, CSEM. CSEM is an estimate of the
measurement error in each individual test score. While a reliability coefficient
is a single value that applies to the test in general, the magnitude of the CSEM
may vary substantially from one student’s test score to another’s.
This chapter presents three different types of reliability coefficients: generic
reliability, split-half reliability and alternate forms (test-retest) reliability. This is
followed by statistics on the conditional standard error of measurement and
the global standard error of measurement of Star Maths test scores.

Generic Reliability
Test reliability is generally defined as the proportion of test score variance that
is attributable to true variation in the trait the test measures. This can be
expressed analytically as
2

Reliability = 1 –

σ error
σ2total

where σ2error is the variance of the errors of measurement, and σ2total is the
variance of test scores. In Star Maths, the variance of the test scores is easily
calculated from test score data. The variance of the errors of measurement
may be estimated from the conditional standard error of measurement
(CSEM) statistics that accompany each of the IRT-based test scores, including
the scaled scores, as depicted below.
σ2error = 1
n
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where the summation is over the squared values of the reported CSEM for
students i = 1 to n. In each Star Maths test, CSEM is calculated along with
the IRT ability estimate and scaled score. Squaring and summing the CSEM
values yields an estimate of total squared error; dividing by the number of
observations yields an estimate of mean squared error, which in this case
is tantamount to error variance. “Generic” reliability is then estimated by
calculating the ratio of error variance to scaled score variance, and then
subtracting that ratio from 1.
Using this technique with Star Maths data from the United Kingdom (UK)
for the 2017–2018 school year resulted in the generic reliability estimates
(ρxx) shown in Table 6. The overall generic reliability on the Classic scale was
0.95. Coefficients ranged from a low of 0.87 in Year 1 to a high of 0.94 for
Years 10, 11 and 13. Because generic reliabilities are not susceptible to error
variance introduced by repeated testing, multiple occasions and alternate
forms, the resulting estimates of reliability are generally higher than the more
conservative alternate forms reliability coefficients. These generic reliability
coefficients are, therefore, plausible upper-bound estimates of the internal
consistency reliability of the Star Maths computerised adaptive test.
Table 6:

Reliability Estimates for the 2017–2018 Star Maths UK Data on the
Classic Scale
Reliability Estimates: For Classic Scale
Generic
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Split-Half

Alternate Forms

Year

N

ρxx

N

ρxx

N

ρxx

Average Days
between Testing

1

7,811

0.87

7,811

0.88

1,731

0.65

59

2

28,784

0.88

28,784

0.89

5,963

0.75

64

3

47,886

0.89

47,886

0.89

9,718

0.75

61

4

51,259

0.90

51,259

0.90

10,480

0.80

64

5

53,958

0.91

53,958

0.91

11,234

0.82

68

6

39,576

0.91

39,576

0.92

9,062

0.83

70

7

57,716

0.92

57,716

0.92

14,003

0.83

87

8

32,422

0.93

32,422

0.93

8,711

0.85

97

9

13,673

0.93

13,673

0.93

3,798

0.85

102

10

4,844

0.94

4,844

0.94

1,343

0.83

114

11

2,380

0.94

2,380

0.95

628

0.81

85

12

349

0.93

349

0.94

93

0.84

113

13

225

0.94

225

0.94

58

0.74

102

Overall

340,883

0.95

340,883

0.95

76,822

0.90

76
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As the data in Table 6 shows, Star Maths generic reliability is high, Year by
Year and overall on the Classic scale. Star Maths’ technical quality for an
interim assessment is on a virtually equal footing with the highest-quality
summative assessments in use today.

Split-Half Reliability
While generic reliability does provide a plausible estimate of measurement
precision, it is a theoretical estimate, as opposed to traditional reliability
coefficients, which are more firmly based on item response data. Traditional
internal consistency reliability coefficients such as Cronbach’s alpha and
Kuder-Richardson Formula 20 (KR-20) are not meaningful for adaptive tests.
However, an estimate of internal consistency reliability can be calculated
using the split-half method.
A split-half reliability coefficient is calculated in three steps. First, the test
is divided into two halves, and scores are calculated for each half. Second,
the correlation between the two resulting sets of scores is calculated; this
correlation is an estimate of the reliability of a half-length test. Third, the
resulting reliability value is adjusted, using the Spearman-Brown formula,1 to
estimate the reliability of the full-length test.
In internal simulation studies, the split-half method provided accurate
estimates of the internal consistency reliability of adaptive tests, and so it
has been used to provide estimates of Star Maths reliability. These split-half
reliability coefficients are independent of the generic reliability approach
discussed earlier and more firmly grounded in the item response data.
Split-half scores were based on all 24 items on the Star Maths tests; scores
based on the odd- and the even-numbered items were calculated separately.
The correlations between the two sets of scores were corrected to a length of
24 items, yielding the split-half reliability estimates displayed in Table 6.
Results indicated that the overall split-half reliability on the Classic scale was
0.95. The split-half reliability coefficients ranged from a low of 0.88 in Year 1
to a high of 0.95 in Year 11. These reliability estimates are quite consistent
across Years 1 through 13, and quite high, again a result of the measurement
efficiency inherent in the adaptive nature of the Star Maths tests.

1. See Lord, F. M. and Novick, M. R. (1968). Statistical Theories of Mental Test Scores. Reading, MA:
Addison-Wesley, pp. 112–113.
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Alternate Forms Reliability
Another method of evaluating the reliability of a test is to administer the test
twice to the same examinees. Next, a reliability coefficient is obtained by
calculating the correlation between the two sets of test scores. This is called a
test-retest reliability coefficient if the same test was administered both times
and an alternate forms reliability coefficient if different, but comparable, tests
were used.
Content sampling, temporal changes in individuals’ performance, and
growth or decline over time can affect alternate forms reliability coefficients,
usually making them appreciably lower than internal consistency reliability
coefficients.
The alternate forms reliability study provided estimates of Star Maths
reliability using a variation of the test-retest method. In the traditional
approach to test-retest reliability, students take the same test twice, within a
short time interval (usually a few days) between administrations. In contrast,
the Star Maths alternate form reliability study administered two different tests
by placing constraints on the selection of items in the second test such that
previously administered items were avoided. All other aspects of the two tests
were identical. The correlation coefficient between the scores on the two tests
was taken as the reliability estimate.
The alternate forms reliability estimates for the Star Maths test were then
calculated using Star Maths Classic scaled scores. Checks were made for
valid test data on both test administrations and to remove cases of apparent
motivational discrepancies.
Table 6 includes overall and within-Year alternate form reliability estimates,
along with an indication of the average number of days between testing
occasions. The average number of days between testing occasions ranged
from 59–114 days. Results indicated that the overall alternate forms reliability
of the scores was 0.90 on the Classic scale. The alternate forms coefficients
on the Classic scale ranged from a low of 0.65 in Year 1 to a high of 0.85 in
Years 8 and 9.
Because errors of measurement due to content sampling and temporal
changes in individuals’ performance can affect this correlation coefficient, this
type of reliability estimate provides a conservative estimate of the reliability
of a single Star Maths administration. In other words, the actual Star Maths
reliability is likely higher than the alternate forms reliability estimates indicate.
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Standard Error of Measurement
When interpreting the results of any test instrument, it is important to
remember that the scores represent estimates of a student’s true ability
level. Test scores are not absolute or exact measures of performance. Nor is
a single test score infallible in the information that it provides. The standard
error of measurement (SEM) can be thought of as a measure of how precise a
given score is; smaller values of SEM or CSEM indicate greater precision.
The standard error of measurement describes the extent to which scores
would be expected to fluctuate because of chance. If measurement errors
follow a normal distribution, an SEM of 18 means that if a student were tested
repeatedly, his or her scores would fluctuate within 18 points of his or her
first score about 68 per cent of the time, and within 36 points (twice the SEM)
roughly 95 per cent of the time. Since reliability can also be regarded as a
measure of precision, there is an inverse relationship between the reliability of
a test and the standard error of measurement for the scores it produces: lower
standard error of measurement results in higher reliability.
The Star Maths tests differ from traditional tests in at least two respects
with regard to the standard error of measurement. First, Star Maths software
computes the SEM for each individual student based on his or her performance,
unlike most traditional tests that report the same SEM value for every
examinee. Each administration of Star Maths yields a unique “conditional” SEM
(CSEM) that reflects the amount of information estimated to be in the specific
combination of items that a student received in his or her individual test.
Second, because the Star Maths test is adaptive, the CSEM will tend to be lower
than that of a conventional test of the same length, particularly at the highest
and lowest score levels, where conventional tests’ measurement precision is
weakest. Because the adaptive testing process attempts to provide equally
precise measurement, regardless of the student’s ability level, the average
CSEMs for the IRT ability estimates tend to be similar for most students.
Table 7 contains two different sets of estimates of Star Maths measurement
error: conditional standard error of measurement (CSEM) and global standard
error of measurement (SEM). Conditional SEM was just described; the estimates
of CSEM in Table 7 are the average CSEM values observed for each Year.
Global standard error of measurement is based on the traditional SEM
estimation method, using the estimated generic reliability and the variance of
the test scores to estimate the SEM:
SEM = 1 – ρxxσx
where, ρxx is the estimated generic reliability, and σx is the standard deviation
of the observed scores (in this case, Scaled Scores).
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Table 7 summarises the distribution of CSEM values for the 2017–2018 Star
Maths UK data, overall and by Year. The overall average CSEM on the Classic
scale was 36 across all Years, while the average CSEM for individual Years
was 36 for every Year except Year 11, where the CSEM was 37.
Table 7 also shows the estimates of the global SEM. The global SEM
estimates on the Classic scale were equal to or slightly lower than the
corresponding CSEM estimates. The overall average global SEM on the
Classic scale was 35, while the global estimates for individual Years ranged
from 34 to 36.
Table 7:

Standard Error of Measurement for the 2017–2018 Star Maths UK data
on the Classic Scale
Standard Error of Measurement: For Classic Scale
Conditional

Year

N

Global

Average

Standard
Deviation

N

SEM

1

7,811

36

3.1

35

7,811

2

28,784

36

2.8

35

28,784

3

47,886

36

2.8

35

47,886

4

51,259

36

2.7

35

51,259

5

53,958

36

3.1

35

53,958

6

39,576

36

3.4

35

39,576

7

57,716

36

3.1

36

57,716

8

32,422

36

3.2

36

32,422

9

13,673

36

3.6

36

13,673

10

4,844

36

3.9

36

4,844

11

2,380

37

4.3

35

2,380

12

349

36

2.6

34

349

13

225

36

4.8

34

225

All

340,883

36

3.1

35

340,883

To help better understand the relationship between CSEM and scale scores,
Figure 2 shows a graph of the average CSEM as a function of scale score.
A typically observed graph when scale scores are created from linearly
transforming IRT ability estimates often shows that the average CSEM is quite
low in the regions where most examinees achieve scores and a bit higher
towards the extremes of the score scale, where very few examinees achieve
scores. Figure 2 shows that this typically observed pattern was found with the
Star Maths Classic scale scores. For the Star Maths data, the CSEM was quite
low for scores in the range of 200 to 1000 with increasing higher CSEM values
as one moved to the end points of the scale (the scale scores of 0 and 1400).
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This result suggests that one should expect fairly consistent CSEM values for
scores in the range of 200 to 1000 and somewhat higher values for scores
that are outside of that range.
Figure 2:
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Average CSEM as a Function of Scale Score for the 2017–2018 Star
Maths UK data on the Classic Scale
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Validity
Test validity has been described as the degree to which a test measures
what it is intended to measure. An updated conceptualisation of test validity
is that test validity involves the development of a validity framework and
a reasoned argument with evidentiary data to support specific claims as
to what the test measures, the interpretation of its scores and the uses for
which it is recommended or applied. Evidence of test validity is often indirect
and incremental, consisting of a variety of data that in the aggregate are
consistent with the theory that the test measures the intended construct(s) or
is suitable for its intended uses and interpretations of its scores. Determining
whether there is sufficient test validity evidence to support the intended
uses and interpretations of test scores involves the use of data and other
information both internal and external to the test instrument itself.

Content Validity
One touchstone is evidence for content validity, which is the relevance of the
test questions to the attributes or dimensions intended to be measured by the
test—namely maths achievement, in the case of the Star Maths assessments.
Together the content of the item bank and the content balancing
specifications that govern the administration of each test form the foundation
for “evidence of content validity” for the Star Maths assessments. These
content topics were discussed in detail in “Content and Test Design” and were
an integral part of the test items that are the basis of Star Maths today.

Construct Validity
Evidence for construct validity, which is the overarching criterion for evaluating
a test, investigates the extent to which a test measures the construct(s) that
it claims to be assessing. Establishing construct validity involves the use of
data and other information both internal and external to the test instrument
itself. For example, Star Maths claims to provide an estimate of a child’s
maths achievement level. Therefore, demonstration of Star Maths’ construct
validity rests on the evidence that the test provides such estimates. There are
a number of ways to demonstrate this.
This section deals with both internal and external evidence of the validity of
Star Maths as an assessment of maths achievement.
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Internal Evidence
Evaluation of Unidimensionality of Star Maths
Star Maths is a 24-item CAT that measures maths achievement. Its items are
selected adaptively for each student, from a very large bank of maths test
items, each of which is aligned to one of eight blueprint domains:
XX

Numeration Concepts

XX

Computation Processes

XX

Algebra

XX

Data Analysis and Statistics

XX

Approximation

XX

Shape and Space

XX

Measurement

XX

Word Problems

Star Maths is an application of item response theory (IRT); each test item’s
difficulty has been calibrated using the Rasch 1-parameter logistic IRT model.
One of the assumptions of the Rasch model is unidimensionality: that a test
measures only a single construct such as maths achievement in the case of
Star Maths. To evaluate whether Star Maths measures a single construct,
factor analyses were conducted. Factor analysis is a statistical technique
used to determine the number of dimensions or constructs that a test
measures. Both exploratory and confirmatory factor analyses were conducted
across Years 2 to 13.
To begin, a large sample of Star Maths data from the United Kingdom (UK)
was assembled. The overall sample consisted of 333,072 students that took
the Star Maths test in the 2016–2017 and 2017–2018 school years in the
UK. Table 8 shows the N counts per Year for the 2016–2017 and 2017–
2018 school year data. These data were the focus of the exploratory and
confirmatory factor analyses.
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Table 8:

N Counts per Year for Exploratory and Confirmatory Factor Analysis
Sample
Year

N

2

28,784

3

47,886

4

51,259

5

53,958

6

39,576

7

57,716

8

32,422

9

13,673

10

4,844

11

2,380

12

349

13

225

All Years

333,072

The exploratory factor analysis (EFA) was conducted using the factanal
function in R 3.5.1 (R Core Team, 2018), while the confirmatory factor analysis
(CFA) was conducted using the lavaan package (Rosseel, 2012) in R.
Prior to performing the factor analyses, each student’s 24 Star Maths item
responses were divided into subsets of items aligned to each of the 8
blueprint domains. Tests administered in Years 2 and 3 included items from
six domains (no estimation and no algebra items were administered in these
Years). Tests given in Years 4–9 included items from 7 domains (no items
from algebra were administered in these Years). Tests given in Years 10–13
included items from 7 domains (no items from estimation were administered
in these Years).
For each student, separate Rasch ability estimates (subtest scores) were
calculated from each domain-specific subset of item responses. A Bayesian
sequential procedure developed by Owen (1969, 1975) was used for the
subtest scoring. The number of items included in each subtest ranged from 1
to 8, following the Star Maths test blueprints, which specify different numbers
of items administered per domain, depending on the student’s Year.
Intercorrelations of the blueprint domain-specific Rasch subtest scores were
analyzed using exploratory factor analysis (EFA) to evaluate the number
of dimensions/factors underlying Star Maths. Varimax rotation was used.
The EFA retained a single dominant underlying dimension based on either
the MINEIGEN (eigenvalue greater than 1) or the PROPORTION criterion
(proportion of variance explained by the factor), as expected. Figure 3, Figure

Star Assessments™ for Maths
Technical Manual

61

Validity

Internal Evidence

4, Figure 5 and Figure 6 show the scree plots and variance explained per
factor for the combined analyses of Years 2 and 3, Years 4–9, Years 10–13
and for all Years 2–13, respectively. For the analyses for all Years 2–13, the
analysed correlations were based on pairwise complete observations such
that correlations involving estimation were only based on data from Years
4–9 and correlations involving algebra were only based on data from Years
10–13. The scree plots and variance explained plots all show solid evidence of
unidimensionality.
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Figure 3:

Scree Plot and Variance Explained by Factor Plot from the Years 2–3
Exploratory Factor Analysis in Star Maths UK

Figure 4:

Scree Plot and Variance Explained by Factor Plot from the Years 4–9
Exploratory Factor Analysis in Star Maths UK
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Figure 5:

Scree Plot and Variance Explained by Factor Plot from the Years
10–13 Exploratory Factor Analysis in Star Maths UK

Figure 6:

Scree Plot and Variance Explained by Factor Plot from the Years 2–13
Exploratory Factor Analysis in Star Maths UK

Subsequent to the EFA, confirmatory factor analyses were also conducted
using the blueprint domain-specific Rasch subtest scores. Four separate
analyses were performed; one for Years 2 and 3, one for Years 4–9, one for
Years 10–13 and one for all Years 2–13. The analyses were conducted using
full information maximum likelihood. The CFA models tested the subtest
scores for a single underlying dimension. Figure 7 shows an example of the
CFA model for Years 2 and 3. The models for Years 4–9, Years 10–13 and
Years 2–13 were similar except that the models included 7 domains in the
cases of Years 4–9 and Years 10–13 and 8 domains in the case of Years
2–13.
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Figure 7:

Confirmatory Factor Analyses in Star Maths UK

The results of the CFA are summarised in Table 9 below. As the table
indicates, the sample size for Years 2 and 3 was 76,670, the sample size for
Years 4–9 was 248,604, the sample size for Years 10–13 was 7,798 and the
sample size for all Years 2–13 was 333,072; because the chi-square (χ2) test
is not a reliable test of model fit when sample sizes are large, various other
fit indices are presented. Cutoffs for the indices are presented in Hu and
Bentler (1999). The comparative fit index (CFI) and the Tucker-Lewis index
(TLI) are shown; for these indices, values were very close to 1, indicating
strong evidence of a single construct/dimension. In addition, the root mean
square error of approximation (RMSEA) and the standardised root mean
square residual (SRMR) are presented. RMSEA and SRMR values less than
0.08 indicate good fit. The RMSEA and SRMR values were well below 0.08,
suggesting a single construct/dimension.
In summary, both the CFA indices and the EFA strongly support that a single
construct/dimension underlies the Star Maths subtest scores and that the
application of unidimensional models is appropriate for these Star Maths
tests.
Table 9:

Summary of the Goodness-of-Fit of the CFA Models for Star Reading UK by Year

Year
Years 2 and 3
Years 4–9
Years 10–13
All Years

N

2

χ

df

CFI

TLI

RMSEA

SRMR

76,670

451.48

9

1.00

1.00

0.03

0.01

248,604

4755.98

14

1.00

1.00

0.04

0.01

7,798

179.15

14

1.00

1.00

0.04

0.01

333,072

5634.96

20

1.00

1.00

0.03

0.01
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Types of External Evidence
In an ongoing effort to gather evidence for the validity of Star Maths scores,
continual research on score validity has been undertaken. In addition to
original validity data gathered at the time of initial development, a small
number of studies have investigated correlations between Star Maths tests
and other external measures in the UK. Many studies examining relationships
between Star Maths and other external measures have also been performed
in the US. There are generally three types of validity estimates that can be
explored: concurrent validity estimates, predictive validity estimates and
discriminant validity estimates. We primarily focus on validity estimates from
the UK in this section, although we do provide a summary of some additional
relevant validity evidence collected in the US.
For Star Maths, concurrent validity is defined as taking a Star Maths test and
another external measure that also assesses maths achievement within a
month time period. Two concurrent validity studies using Star Maths have been
performed in the UK. Predictive validity provides estimates of the extent to which
scores on the Star Maths test predict scores on an external measure of maths
achievement at a later point in time, operationally defined as more than a month
between the Star test (predictor) and the criterion test. One study has looked at
predictive validity of Star Maths in the UK. Discriminant validity estimates consist
of taking Star Maths and another external measure that assesses another content
area besides maths achievement (e.g., correlations with a reading achievement
measure) within a month time period. Typically, the goal is that discriminant
validity estimates are lower than concurrent validity estimates. Two studies have
looked at discriminant validity of Star Maths in the UK.

External Evidence
Relationship of Star Maths Scores to Other Maths Achievement Tests in the UK
As of 2019, two studies have looked at the relationship between Star Maths
scores and other maths tests in the UK to estimate concurrent validity.
The first study was conducted by the National Foundation for Educational
Research (NFER) (Sewell, Sainsbury, Pyle, Keogh, & Styles, 2007) in 2006
as part of a large-scale effort to validate the use of Star Maths in the UK.
This study looked at the relationship between Star Maths, the Progress in
Maths Test (Clausen-May, Vappula, & Ruddock, 2004) and teacher-created
assessments in 28 schools in the UK. The second study looked at the
relationship between Star Maths and the Key Stage 2 Maths assessments.
This study focused on Year 6 and used data from 29 schools in the 2015–
2016 school year. Table 10 and Table 11 provide a summary of the concurrent
validity correlations collected from these two studies by year.
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Table 10: Correlations between Star Maths and Other Maths Achievement Measures in the UK, Years 1–6
1
Test Name

Date

Score

n

2
r

n

3
r

n

4
r

n

5
r

n

6
r

n

r

Progress in Maths
Progress in Maths

2006

Total Score

–

–

275 0.58 288 0.73 387 0.73 402 0.75 337 0.77

Progress in Maths

2006

Standardised
Score

–

–

275 0.52 288 0.67 387 0.72 402 0.74 337 0.76

Key Stage 2 Maths
Key Stage 2

2015–2016

Raw Score

–

–

–

–

–

–

–

–

–

–

815 0.83

Key Stage 2

2015–2016

Scaled Score

–

–

–

–

–

–

–

–

–

–

815 0.84

Table 11: Correlations between Star Maths and Other Maths Achievement Measures in the UK, Years 7–13
7
Test Name

Date

Score

n

8
r

n

9
r

n

10
r

11

12

13

n

r

n

r

n

r

n

r

253 0.73 311 0.72 232 0.71 –

–

–

–

–

–

–

–

Standardised 253 0.71 311 0.72 232 0.69 –
Score

–

–

–

–

–

–

–

Progress in Maths
Progress in Maths

2006

Progress in Maths

2006

Total Score

Key Stage 2 Maths
Key Stage 2

2015–2016

Raw Score

Key Stage 2

2015–2016 Scaled Score

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

The results in the tables show that the relationship between Star Maths
and these other tests is quite high. Concurrent validity estimates with the
Progress in Maths test ranged from 0.58 to 0.77 with a median of 0.73 for
the total scores and ranged from 0.52 to 0.76 with a median of 0.72 for
the standardised scores. In the same study, the authors reported overall
correlations of 0.81 across Years between Star Maths and teacher-created
maths assessments that were aligned with the national curriculum.
Concurrent validity estimates for the Key Stage 2 Maths tests were similarly
high, with correlations of 0.83 for the raw scores and 0.84 for the scaled
scores. These coefficients provide strong evidence of the external validity
relationship between the Star Maths assessments and these other maths
assessments in the UK.
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Relationship of Star Maths Scores to Other Maths Achievement Tests in the US
Outside of the UK-specific studies, numerous other studies have been
performed to support the use of Star Maths in other contexts. Much of this
evidence is in the context of using Star Maths for various purposes in the
US and can be found in the US version of the Star Assessments™ for Math
Technical Manual (2018). Here we summarise the concurrent validity estimates
reported in that technical manual as they help document the expected strong
relationships of Star Maths to other maths achievement measures.
In the US version of the Star Assessments™ for Math Technical Manual (2018),
there are 747 reported correlations. These correlations came from correlating
Star Maths with other interim and formative assessments as well as
summative assessments administered by different US states. The correlations
were combined and analysed using a fixed-effects model for meta-analysis
(see Hedges and Olkin, 1985, for a methodological description). Meta-analysis
is a statistical procedure for combining results from different sources or
studies. When applied to a set of correlation coefficients that estimate
concurrent validity, meta-analysis combines the observed correlations and
sample sizes to yield estimates of overall concurrent validity. In addition,
standard errors and confidence intervals can also be computed.
The results of the meta-analysis are displayed in Table 12. The table lists
correlations for each US grade, as well as results from combining data from
all twelve US grades. For each set of results, the table gives an estimate of
the true concurrent validity estimate, a standard error and the lower and
upper limits of a 95 per cent confidence interval for the expected concurrent
validity coefficient. The lowest concurrent validity estimates are for US
grades 1 and 2, which were based on a smaller number of correlations.
The overall concurrent validity of Star Maths based on the 747 correlations
was 0.76 with a standard error of 0.001. This concurrent validity estimate
was very similar to the correlations found between Star Maths and the
UK-specific assessments. The probability of observing the 747 correlations
reported in the Star Assessments™ for Math Technical Manual (2018) if the
true concurrent validity was zero would be virtually zero. Since these data
were obtained from a variety of different tests and US grades, they provide
strong additional validity evidence to support the use of Star Maths as a
measure of maths achievement.
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Table 12: Results of the Meta-Analysis of Star Maths Correlations with Other Tests in the US
Effect Size

95% Confidence Level

Grade

Validity
Estimate

Standard
Error

Lower Limit

Upper Limit

Total
Correlations

Total N

1

0.56

0.01

0.55

0.57

11

12,095

2

0.63

0.01

0.62

0.63

21

34,027

3

0.76

0.00

0.75

0.76

141

281,387

4

0.76

0.00

0.76

0.76

125

275,098

5

0.77

0.00

0.77

0.77

136

246,503

6

0.78

0.00

0.78

0.78

92

183,581

7

0.77

0.00

0.77

0.77

87

136,793

8

0.75

0.00

0.75

0.76

82

111,402

9

0.71

0.01

0.70

0.72

13

13,306

10

0.75

0.01

0.74

0.76

16

13,236

11

0.74

0.01

0.73

0.75

15

8,325

12

0.73

0.03

0.70

0.76

8

1,080

All Grades

0.76

0.00

0.76

0.76

747

1,316,833

Classification Accuracy of Star Maths for Predicting Whether Students Meet
Expected Standards on Key Stage 2
As part of examining the relationship between Star Maths and the Key
Stage 2 Maths tests, Star Maths test scores were statistically linked to Key
Stage 2 tests using an equipercentile linking method. The linked values have
been employed to use Star Maths to predict whether a given student meets
the expected standard on the Key Stage 2 test. Table 13 below presents
classification accuracy statistics for Year 6 based on the linking performed
using the 2015–2016 school year data.
Table 13: Classification Diagnostics for Predicting Where Students Meet
Expected Standard on the Key Stage 2 Assessments from Earlier Star
Maths UK Scores
Key Stage 2
Measure
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Maths Test

Overall classification accuracy

89%

Sensitivity

89%

Specificity

90%

Proficiency status projection error

–7%

Area under the ROC curve (AUC)

0.97
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As the table shows, classification accuracy was 89% for the Key Stage 2
Maths Test. The Area Under the Curve (AUC) was 0.97. Specificity was slightly
higher than the sensitivity, which corresponded with slightly greater accuracy
in predicting students who did not meet the standard compared to students
that did meet the standard. The –7% projected proficiency status projection
error indicates that the actual proficiency rate was slightly underpredicted.
These data provide solid evidence for the predictive validity of Star Maths
tests for the Key Stage 2 assessments.

Classification Accuracy of Star Maths for Predicting Proficiency and College
Readiness on Tests in the US
Several US studies are available on the ability of Star Maths to predict whether
students meet proficiency or college readiness standards on other maths tests.
One study looked at how well Star Maths predicted performance on a multi-state
summative test called Partnership for Assessment of Readiness for College and
Careers (PARCC). Seventeen other studies have been performed to look at Star
Maths’ ability to predict performance on summative state tests and US college
entrance exams. These studies are described in detail in the US version of the Star
Assessments™ for Math Technical Manual (2018). We report these results here as
they further document ability of Star Maths to predict results on other tests and
they provide additional context to the Key Stage 2 results discussed above.
Table 14 provides a summary of some of the key results from these studies.
In the table, the results are presented as ranges because the tests covered
multiple US grades (grades 3 to 8 in the case of PARCC and grades 3 to 11
in the case of the other summative tests and college entrance exams) and in
some cases there were some observed differences across grades. One can
see that the overall classification accuracy from using Star Maths to predict
proficiency for PARCC ranged from 89% to 92%, while the overall classification
accuracy values across the other seventeen studies ranged from 81% to 91%.
For the PARCC tests, sensitivity was lower than specificity, with sensitivity
ranging between 58% to 71% compared to specificity ranging between 94%
to 98%. These differences reflect the fact that Star Maths was better able to
predict achievement status for students who were not proficient on these
tests. For the seventeen other US tests, sensitivity ranged from 62% to
87%, and specificity ranged from 60% to 98%. The overall proficiency status
projection error for the PARCC tests ranged from –6% to –1%, suggesting
that the proficiency status in some cases was underpredicted. The proficiency
status projection error was not reported for the seventeen other US tests. The
AUC for the PARCC tests ranged from 0.94 to 0.95, while for the seventeen
other tests the AUC ranged from 0.89 to 0.96.
As a whole, the classification accuracy results from these studies show
that Star Maths scores were able to strongly predict proficiency and college
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readiness. In addition, the results from these studies also suggest that the
ability of Star Maths to predict whether students meet expected standards on
tests in the UK is comparable with its ability to predict proficiency and college
readiness on tests in the US. These data provide further evidence to support
the use of Star Maths to predict performance on other tests.
Table 14: Classification Accuracy of Star Maths for Predicting Proficiency and
College Readiness on US Tests
PARCC

Seventeen Other
US Tests

Overall classification accuracy

89% to 92%

81% to 91%

Sensitivity

58% to 71%

62% to 87%

Specificity

94% to 98%

60% to 98%

Proficiency status projection error

–6% to –1%

–

Area under the ROC curve (AUC)

0.94 to 0.95

0.89 to 0.96

Measure

Relationship of Star Maths to Reading Achievement Tests in the UK
As of 2019, two studies have examined the relationship of Star Maths with
other achievement tests measuring reading content to provide discriminant
validity estimates in the UK. Both studies examined the relationship between
Star Maths and Star Reading scores. The first study took place in 2006 as
part of a large-scale validation effort, and the second study took place in
2017–2018. Table 15 and Table 16 provide a summary of those analyses.
Discriminant validity estimates in the 2006 study ranged from 0.46 to 0.68,
while discriminant validity estimates for the 2017–2018 study were similar
and ranged from 0.57 to 0.69. These discriminant validity estimates show
that the relationship of Star Maths with these reading achievement tests were
often slightly lower than the concurrent validity estimates between Star Maths
and other UK maths achievement measures. These coefficients provide some
evidence of expected external relationships between Star Maths and other
reading tests in the UK.
Table 15: Correlations of UK Students’ Star Maths Scores with the Same Students’ Star Reading Scores,
Years 1–6
Test
Name
Star
Reading
Star
Reading

1

2

3

4

5

6

Date

Score

n

r

n

r

n

r

n

r

n

r

n

r

2006

Scaled
Score

–

–

317

0.65

351

0.68

528

0.68

393

0.63

412

0.65

2017– Scaled 2,365 0.58 18,035 0.65 34,149 0.68 39,845 0.67 41,102 0.66 25,711 0.64
2018 Score
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Table 16: Correlations of UK Students’ Star Maths Scores with the Same Students’ Star Reading Scores,
Years 7–13
Test
Name
Star
Reading

7

8

9

10

11

12

13

Date

Score

n

r

n

r

n

r

n

r

n

r

n

r

n

r

2006

Scaled
Score

721

0.58

331

0.48

228

0.46

–

–

–

–

–

–

–

–

–

–

Star
2017–
Reading 2018

Scaled 21,486 0.67 10,900 0.69 4,093 0.70 1,261 0.60 338 0.63 68 0.57
Score

Summary of Star Maths Validity Evidence
The validity data presented in this technical manual includes evidence of Star
Maths’ content and construct validity. While the amount of data presented
in this technical manual is less than the amount of evidence presented in
the US version of the Star Math technical manual because comparatively
fewer studies on the use of Star Maths in the UK have been performed, the
evidentiary data provided was quite positive.
The information presented in the “Content and Test Design” chapter gives
supporting evidence of the content validity of Star Maths. Exploratory and
confirmatory factor analyses provided evidence that Star Maths measures
a unidimensional construct, consistent with the assumption underlying its
use of the Rasch 1-parameter logistic item response model. The concurrent
and predictive validity estimates from using Star Maths show that Star
Maths exhibits appropriately high correlations with other measures of maths
achievement and has high levels of classification accuracy when it is used
to predict whether students meet the expected standard on the Key Stage
2 Maths tests. The concurrent validity estimates observed for UK-specific
studies were also largely consistent with concurrent validity estimates
found when Star Maths has been correlated with other measures of maths
achievement in the US. Studies of Star Maths’ classification accuracy in
the US were also comparable with results reported in the UK. In addition,
discriminant validity estimates indicated that the relationship between Star
Maths and other maths achievement measures often tended to be somewhat
stronger than the relationship between Star Maths and reading achievement
measures. Taken together, these data provide substantial support for the
claim that Star Maths is a good measure of UK maths achievement.
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This chapter describes the development of the 2015 Star Maths norms
in the UK. The data for this standardisation were mostly gathered during
the academic years 2010 to 2015. The chapter presents the methods and
procedures employed in the standardisation and norms development.

Sampling for Age Standardisation of Star Maths
Data Preparation
The original sample for the Star Maths 2015 norming and age standardisation
included 113,577 cases. The Star Maths tests were taken between January
2010 and February 2015, with the majority of cases referring to the academic
years 2013–14 and 2014–15.
Table 17 shows a large number of students in the dataset had multiple
records across school years.
Table 17: Number and Percentage of Students by Number of Records Across
School Years
Number of Records per Student

Number of Students

% Students

1

21,822

19.2%

2

22,062

19.4%

3

20,736

18.3%

4

12,136

10.7%

5+

36,821

32.4%

Total

113,577

Table 18 shows the large number of data records within a school year.
Table 18: Number and Percentage of Students by Number of Records within the
Same School Year
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Number of Records per Student
within School Year

Number of Students

% Students

1

28,878

25.4%

2

29,998

26.4%

3

27,285

24.0%

4

12,940

11.4%

5+

14,476

12.7%

Total

113,577
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For students who took Star Maths more than once during the same school
year, only their earliest test was included in the norming analysis. This means
that students taking the test during different school years can have more than
one record. There were 58,389 first attempts by school year in the dataset.
Additionally, in order to avoid differences in results due to the test being taken
at different points during the school year, we only selected the cases where
the test was taken during the Autumn Term (September to December) in each
school year. This left us with 40,308 cases.
From the reported birth dates and assessment dates, we calculated the age
in months and years for each student at the time the test was attempted.
There were 1,867 cases with missing or unreliable data for either one or both
variables. These were excluded from the sampling. The resulting distribution
of ages in the dataset is shown in Table 19.
Table 19: Number of Students by Age in Full Years
Age of the
Student

Number of
Students

Age of the
Student

Number of
Students

Age of the
Student

Number of
Students

3

4

9

3,800

15

1,301

4

12

10

3,534

16

240

5

253

11

9,541

17

15

6

1,169

12

6,389

18

1

19

1

7

3,243

13

3,427

8

3,871

14

1,640

We proceeded with the age standardisation for the age groups with at least
1,000 tests. These are ages 6 to 15.
A number of further steps were undertaken to clean the data for the
standardisation sampling:
XX

XX

XX
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Students whose age was outside the normal range for their corresponding
school year were dropped. This step accounts for the different age ranges
for the different school systems within the UK, as well as for the possibility
of a pupil being one Year behind.
A small number of cases (169) were dropped due to the fact that a student
had taken two tests in two different school years while being of the same
age (i.e. less than 12 months apart). Only the first of the two tests was kept.
A number of students were not included in the sampling due to their
gender not being recorded (4,002 students across all age groups). This is
to allow the sampling to reflect the normal boys/girls ratio in the UK school
population.
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Table 20 presents the sampling population by student age from which the
sampling was conducted.
Table 20: Number of Students by Age in Years
Age of the Student in Years

Number of Students

6

1,114

7

2,950

8

3,520

9

3,471

10

3,213

11

8,098

12

5,536

13

3,010

14

1,518

15

1,169

Total

33,599

Sample Selection and Weighting
The age standardisation was performed separately for each age group in
Table 20, based on independent samples of 1,000 cases for ages 6, 14 and 15
and on independent samples of 2,000 cases for all other ages.
The cases were selected randomly from the dataset described above based
on two main stratifiers:
XX

Gender

XX

Total Rasch Score Interval

The cases were selected to reflect an overall boys/girls gender ratio of 51/49.
This ratio was applied uniformly across all age groups.
For the Total Rasch Score, we created 20 intervals based on its value
rounded to the nearest integer, from –10 to +10. For each age group, the
number of cases to be selected from each interval was calculated based on
a hypothetical normal distribution based on the actual mean and standard
deviation for the age group in question. For ages 7 to 13, the resulting
numbers were close enough to 2,000 not to require any further adjustment.
For ages 6, 14 and 15, the numbers of some of the groups were increased
to reach the overall target of 1,000. For all age groups, we assigned weights
to each case based on their Total Rasch Score interval to reflect the precise
proportion of scores in each interval implied by the normal distribution. This
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was particularly important for the older age groups (i.e. 10 years of age and
above), for which the actual distribution of scores was skewed, and in some
cases presented bi-modal characteristics.
Further weighting was applied to reflect school-level FSM rates (i.e.
percentage of pupils known to be eligible for Free School Meals) across the
different countries of the UK to control for potential biases in the background
characteristics of the schools taking part in the tests.

Sample Description
Table 21 shows the final sample used for the age standardisation that
includes 16,965 students.
Table 21: Number of Students by Age in Final Sample
Age of the Student in Years

Number of Students

6

1,000

7

2,001

8

1,997

9

1,999

10

1,995

11

1,994

12

1,989

13

1,990

14

1,000

15

1,000

Total

16,965

Table 22 on page 76 shows the number of cases by age in months from 6
years, 0 months to 15 years, 11 months.
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Table 22: Number of Tests in Final Sample by Age (in Months) of the Student
Age in
Months

Number
of Tests

Age in
Months

Number
of Tests

Age in
Months

Number
of Tests

Age in
Months

Number
of Tests

Age in
Months

Number
of Tests

6:0

28

8:0

247

10:0

251

12:0

229

14:0

128

6:1

57

8:1

147

10:1

178

12:1

198

14:1

99

6:2

96

8:2

170

10:2

163

12:2

167

14:2

83

6:3

78

8:3

161

10:3

180

12:3

161

14:3

85

6:4

97

8:4

161

10:4

150

12:4

142

14:4

69

6:5

90

8:5

167

10:5

148

12:5

160

14:5

60

6:6

82

8:6

134

10:6

138

12:6

158

14:6

74

6:7

93

8:7

164

10:7

156

12:7

150

14:7

70

6:8

81

8:8

174

10:8

163

12:8

161

14:8

75

6:9

81

8:9

163

10:9

170

12:9

149

14:9

129

6:10

109

8:10

145

10:10

178

12:10

171

14:10

56

6:11

108

8:11

164

10:11

120

12:11

143

14:11

72

7:0

101

9:0

261

11:0

99

13:0

223

15:0

73

7:1

145

9:1

176

11:1

130

13:1

213

15:1

90

7:2

177

9:2

171

11:2

172

13:2

185

15:2

89

7:3

156

9:3

128

11:3

171

13:3

169

15:3

85

7:4

177

9:4

152

11:4

190

13:4

159

15:4

81

7:5

175

9:5

163

11:5

202

13:5

133

15:5

79

7:6

172

9:6

163

11:6

177

13:6

133

15:6

81

7:7

176

9:7

157

11:7

155

13:7

143

15:7

72

7:8

175

9:8

138

11:8

200

13:8

153

15:8

106

7:9

171

9:9

162

11:9

181

13:9

175

15:9

80

7:10

186

9:10

179

11:10

154

13:10

191

15:10

91

7:11

190

9:11

149

11:11

163

13:11

113

15:11

73

Gender
Standardised scores were created with a mean of 100 and a standard
deviation of 15. These standardised scores should include 68% of the
standardised norming population, with standardised scores between 85 and
115.
Table 23 shows gender differences in the standardised scores are very small
and not statistically significant. Table 23 shows mean standardised scores
with gender means near 100 and standard deviations near 15.
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Table 23: Average Standardised Score by Gender
Group

Obs.

Mean

Std. Err.

Std. Dev.

Males

8,698

99.225

0.160

14.913

Females

8,267

98.993

0.160

14.564

0.232

0.226

Difference

t

df

p (2-tailed)

1.025

16,963

0.305

Regional Distribution
Table 24 shows the regional distribution of the cases in the sample. A large
proportion of primary tests come from the South and East of England, with
no test from Wales. On the other hand, the largest proportion of secondary
tests comes from the North of England, with very few tests from Wales and
Scotland.
Table 24: Distribution of Students in the Sample by Government Office Region (GOR)

Primary
Secondary
Special & Alternative
Total

London

South &
East

Midlands

North

Wales

Scotland

Northern
Ireland

Total

1,850

3,989

714

890

0

312

1,006

8,761

21.1%

45.5%

8.1%

10.2%

0.0%

3.6%

11.5%

772

1,908

1,371

3,073

10

1

277

10.4%

25.7%

18.5%

41.5%

0.1%

0.0%

3.7%

7

460

6

310

9

0

0

0.9%

58.1%

0.8%

39.1%

1.1%

0.0%

0.0%

2,629

6,357

2,091

4,273

19

313

1,283

15.5%

37.5%

12.3%

25.2%

0.1%

1.8%

7.6%

7,412
792
16,965

This compares with a national distribution of pupils shown in Table 25.
Table 25: Distribution of Students in the Country by Government Office Region (GOR)
London

South &
East

Midlands

North

Wales

Scotland

Northern
Ireland

Primary

13.7%

29.5%

16.6%

24.7%

5.2%

7.2%

3.1%

Secondary

12.4%

31.1%

16.6%

23.3%

5.2%

7.6%

3.8%

Special & Alternative

13.3%

32.3%

19.1%

26.3%

3.5%

5.6%

0.0%

Total

13.2%

30.2%

16.6%

24.2%

5.1%

7.3%

3.3%
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We can see that the overall distribution of tests within England is relatively
close to the national distribution of pupils, although the distribution by phase
is not.
We can also see that Wales and Scotland are substantially under-represented.
However, it is important to know that in the original split by market sectors,
Scotland was grouped together with Northern Ireland. The over-representation
of Northern Ireland compensates for the under-representation of Scotland,
and their joint proportion reflects more closely that in the overall population.
Wales was included partially within the Midlands and partially within the North,
and its under-representation reflects this grouping.
Analysis of Variance shows that there are statistically significant differences in
the mean standardised scores across regions, with London and the South and
East of England showing higher average standardised scores than the rest of
the UK. The region with the lowest standardised scores is Wales. However, the
small number of cases from Wales makes this finding statistically unstable.
Table 26 presents the mean standardised score by government office regions
with values near 100.
Table 26: Average Standardised Score by GOR
Region

Mean Standardised Score

London

101

Midlands

98

North

98

Northern Ireland

98

Scotland

98

South & East

100

Wales

96

School Disadvantage
Table 27 shows the distribution of tests by quintiles of school disadvantage
levels (as measured by the percentage of pupils on roll that are eligible for Free
School Meals) and the national distribution of pupils by the same measure.
We can see that the cases in the sample are more likely to come from
schools with higher levels of disadvantage. Table 27 reports the percentage
of cases by quintile of school disadvantage and shows how the distribution is
particularly skewed for secondary schools. Note that the data in the table are
raw data, while the age standardisation calculations include weights to reflect
the national distribution.
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Table 27: Distribution of Students by School-Level Quintile of Disadvantage and GOR
Q1

Q2

Q3

Q4

Q5

Primary Schools
London

5.3%

0.0%

15.5%

38.9%

40.3%

Midlands

3.4%

0.0%

28.6%

33.9%

34.2%

North

11.2%

22.0%

7.5%

38.0%

21.2%

Northern Ireland

1.6%

1.6%

20.1%

20.4%

56.4%

Scotland

49.0%

49.4%

1.6%

0.0%

0.0%

South & East

18.3%

17.7%

31.3%

12.2%

20.6%

–

–

–

–

–

Total in sample

12.7%

12.1%

22.9%

22.9%

29.4%

National distribution of pupils

16.9%

18.8%

20.1%

21.9%

22.3%

Wales

Secondary Schools
London

0.0%

0.0%

0.0%

36.9%

63.1%

Midlands

0.0%

0.0%

28.0%

15.1%

56.9%

North

13.7%

7.8%

22.6%

26.3%

29.5%

Northern Ireland

0.0%

20.2%

0.0%

0.0%

79.8%

Scotland

0.0%

100.0%

0.0%

0.0%

0.0%

South & East

14.8%

11.0%

25.6%

24.8%

23.8%

Wales

0.0%

0.0%

100.0%

0.0%

0.0%

Total

9.5%

6.8%

21.3%

23.9%

38.5%

National distribution of pupils

21.0%

21.4%

20.6%

19.3%

17.8%

Norm-Referenced Standardised Scores (NRSS) and Percentile
Ranks
Table 28 on page 80 shows the relationship between norm-referenced
standardised scores and Percentile Ranks. Table 28 shows an NRSS of 100
with a Percentile Rank of 50, an NRSS of 85 with a Percentile Rank of 16 and
an NRSS of 115 with a Percentile Rank of 84.
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Table 28: Standardised Scores and Percentile Ranks
Standardised
Score

Percentile Rank

Standardised
Score

Percentile Rank

Standardised
Score

Percentile Rank

69

1

94

34

118

89

70

2

95

37

119

90

71

3

96

40

120

91

72

3

97

42

121

92

73

4

98

45

122

93

74

4

99

48

123

94

75

5

100

50

124

94

76

6

101

52

125

95

77

6

102

55

126

96

78

7

103

58

127

96

79

8

104

60

128

97

80

9

105

63

129

97

81

11

106

66

130

98

82

12

107

68

131

98

83

13

108

70

132

98

84

14

109

72

133

99

85

16

110

74

134

99

86

18

111

77

135

99

87

20

112

78

136

99

88

22

113

80

137

99

89

24

114

82

138

99

90

26

115

84

139

99+

91

28

116

86

140

99+

92

30

116

86

141

99+

93

32

117

87
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Score Definitions
This chapter enumerates all of the scores reported by Star Maths, including
scaled scores, norm-referenced and criterion-referenced scores.

Types of Test Scores
In a broad sense, Star Maths software provides three different types of test
scores that measure student performance in different ways.
XX

XX

XX
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Scaled scores. Star Maths creates a virtually unlimited number of test
forms as it dynamically interacts with the students taking the test. In order
to make the results of all tests comparable, and in order to provide a basis
for deriving the other types of test scores described below, it is necessary
to convert the results of Star Maths tests to scores on a common scale.
Star Maths software does this in two steps. First, maximum likelihood is
used to estimate each student’s score on the Rasch ability scale based on
the difficulty of the items administered and the pattern of right and wrong
answers. Second, the Rasch ability scores are converted to scaled scores.
The range of the Star Maths scaled scores extends from 0 to 1400.
Criterion-referenced scores describe a student’s performance relative to a
specific content domain or to a standard. Such scores may be expressed
either on a continuous score scale or as a classification. One example of a
criterion-referenced classification is a proficiency category on a standardsbased assessment: the student may be said to be “proficient” or not,
depending on whether his score equals, exceeds or falls below a specific
criterion (the “standard”) used to define “proficiency” on the standardsbased test. The Numeration and Computation mastery classification
charts in the Diagnostic Report are criterion-referenced. The domain
scores and mastery classification charts in the Diagnostic Report are
criterion-referenced.
Norm-referenced scores compare a student’s test results to the results of
other students who have taken the same test. In this case, scores provide
a relative measure of student achievement compared to the performance
of a group of students at a given time. The Normed Referenced
Standardised Score and Percentile Rank are the primary norm-referenced
scores available in Star Maths software.

81
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Percentile Rank (PR) and Percentile Rank Range

Percentile Rank (PR) and Percentile Rank Range
Percentile Ranks range from 1–99 and express student ability relative to the
scores of other students in the same Year. For a particular student, this score
indicates the percentage of students in the norms group who obtained lower
scores. For example, if a student has a PR of 85, the student’s maths skills are
greater than 85% of other students in the same Year.
The PR Range reflects the amount of statistical variability in a student’s PR
score. If the student were to take the Star Maths test many times in a short
period of time, the score would likely fall in this range.

Normed Referenced Standardised Score (NRSS)
The Normed Referenced Standardised Score is an age-standardised score
that converts a student’s “raw score” to a standardised score that takes into
account the student’s age in years and months and gives an indication of
how the student is performing relative to a national sample of students of the
same age. The average score is 100. A higher score is above average and a
lower score is below average.

Student Growth Percentile (SGP)
Student Growth Percentiles (SGPs) are a norm-referenced quantification of
individual student growth derived using quantile regression techniques. An
SGP compares a student’s growth to that of his or her UK academic peers
with a similar achievement history on Star assessments.
Academic peers are students who
XX
XX

XX

are in the same Year,
had the same scores on the current test and (up to) two prior tests from
different testing windows and
took the most recent test and the first prior test on the same dates.

SGPs provide a measure of how a student changed from one Star testing
window1 to the next relative to other students with similar starting Star
Maths scores. SGPs range from 1–99 and interpretation is similar to that of
Percentile Rank scores; lower numbers indicate lower relative growth and
higher numbers show higher relative growth. All students, no matter their
1. We collect data for our growth norms during three different time periods: autumn (Term 1),
winter (Term 2) and spring (Term 3).
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starting Star score, have an equal chance to demonstrate growth at any of the
99 percentiles.2
SGPs are often used to indicate whether a student’s growth is more or less
than can be expected. For example, without an SGP, a teacher would not know
if a Scaled Score increase of 100 represents good, not-so-good or average
growth. This is because students of differing achievement levels in different
Years grow at different rates relative to the Star Maths scale. For example, a
high-achieving Year 3 student grows at a different rate than a low-achieving
Year 3 student. Similarly, a high-achieving Year 3 student grows at a different
rate than a high-achieving Year 9 student.
SGPs can be aggregated to describe typical growth for groups of students—
for example, a class, Year or school as a whole—by calculating the group’s
median, or middle, growth percentile. No matter how SGPs are aggregated,
whether at the class, Year or school level, the statistic and its interpretation
remain the same. For example, if the students in one class have a median SGP
of 62, that particular group of students, on average, achieved higher growth
than their academic peers.
SGP is calculated for students who have taken at least two tests (a current
test and a prior test) within at least two different testing windows (autumn/
Term 1, winter/Term 2 or spring/Term 3). The current test is the most recent
test the student has taken in the most recent window that the student has
tested in within the last 18 months. The prior test(s) are from the most recent
SGP test window before the one that the current test falls in.
If a student has taken more than one test in a single test window, the SGP
calculation is based off the following tests:
XX

The current test is always the last test taken in a testing window.

XX

The test used as the prior test depends on what testing window it falls in:
XX
XX

XX

Autumn/Term 1 window: The first test taken in the window is used.
Winter/Term 2 window: The test taken closest to January 15 in the
window is used.
Spring/Term 3 window: The last test taken in the window is used.

2. Because the use of Star Maths in the UK is relatively limited, for the time being the SGPs UK
students receive from Star Maths are based on mathematics growth data from the United
States and Canada. SGP requires a great deal of data, and when a sufficient number of Star
Maths assessments are completed by UK students, the SGP score will be based exclusively on
UK student data.
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a Prior School Year

the Current School Year

Most
Recent
Test Is
In...

Test Windows
in Current School Year*

Test Windows
in Prior School Years
Type of SGP
Calculated

Autumn

Aug 1–Nov 30

Winter

Dec 1–Mar 31

Spring

Apr 1–Jul 31

Autumn

Aug 1–Nov 30

Winter

Dec 1–Mar 31

Spring

Apr 1–Jul 31

Autumn

Aug 1–Nov 30

Winter

Dec 1–Mar 31

Spring

Apr 1–Jul 31

Autumn

Aug 1–Nov 30

Winter

Dec 1–Mar 31

Spring

Apr 1–Jul 31

Autumn–Spring
Autumn–Winter
Winter–Spring
Spring–Autumn
Spring–Spring
Autumn–Autumn
Autumn–Spring
Autumn–Winter
Winter–Spring
Spring–Autumn
Spring–Spring
Autumn–Autumn

* Test window dates are fixed, and may not correspond to the beginning/ending dates of your school year. Students will only have SGPs calculated if they have
taken at least two tests, and the date of the most recent test has to be within the past 18 months.

Two tests used to calculate SGP
Test in window, but skipped when calculating SGP
Third test used to calculate SGP (if available)
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If more than one test was taken in a prior test
window, which is used to calculate SGP?

Autumn/Term 1 Window

First test taken

Winter/Term 2 Window

Test closest to Jan 15 (red line)

Spring/Term 3 Window

Last test taken

Conversion Tables
Table 29: Percentile Rank to Standardised Scores (mean= 100, SD =15) Conversions
Percentile Standardised Percentile Standardised
Rank
Score
Rank
Score
99.9
145
89.4
119

Percentile
Rank
30.8

Standardised Percentile Standardised
Score
Rank
Score
93
1.2
66

99.8

144

88.5

118

29.1

92

1.1

66

99.8

144

87.5

117

27.4

91

0.9

65

99.8

143

86.4

117

25.8

90

0.8

64

99.7

142

85.3

116

24.2

90

0.7

63

99.7

141

84.1

115

22.7

89

0.6

63

99.6

141

82.9

114

21.2

88

0.5

62

99.6

140

81.6

114

19.8

87

0.5

61

99.5

139

80.2

113

18.4

87

0.4

60

99.5

138

78.8

112

17.1

86

0.4

60

99.4

138

77.3

111

15.9

85

0.3

59

99.3

137

75.8

111

14.7

84

0.3

58

99.2

136

74.2

110

13.6

84

0.2

57

99.1

135

72.6

109

12.5

83

0.2

57

98.9

135

70.9

108

11.5

82

0.2

56

98.8

134

69.2

108

10.6

81

0.1

55

98.6

133

67.4

107

9.7

81

98.4

132

65.5

106

8.8

80

98.2

132

63.7

105

8.1

79

98

131

61.8

104

7.4

78

97.7

130

59.9

104

6.7

78

97.4

129

57.9

103

6.1

77

97.1

129

56

102

5.5

76

96.8

128

54

102

5

75

96.4

127

52

101

4.5

75

96

126

50

100

4

74

95.5

126

48

99

3.6

73

95

125

46

98

3.2

72

94.5

124

44

98

2.9

72

93.9

123

42.1

97

2.6

71

93.3

123

40.1

96

2.3

70

92.6

122

38.2

96

2

69

91.9

121

36.3

95

1.8

69

91.2

120

34.5

94

1.6

68

90.3

120

32.6

93

1.4

67
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Concurrent validity estimates, 65
Conditional SEM (CSEM), 52, 56, 57
Confirmatory factor analysis, 61, 63
Consistency between different measurements, 51
Construct validity, 59
Content, 13
rules for writing items, 38
stages of development, 13
Content specification, 13
Content validity, 59
Criterion-referenced scores, 81
Cronbach’s alpha, 51, 54

A
Accelerated Maths Library Report, 5
Access levels, 10
Adaptive Branching, 2, 7, 10
Age standardisation, 72
Algebra, 3, 17, 31, 60
Alternate forms reliability, 51, 55
Approximation, 3, 15, 24, 60
Area under the curve (AUC), 69

B

D

Bayesian-modal item response theory estimation
method, 50
Bayesian sequential procedure, 61
Biserial coefficient, 48
Blueprint domains, 60

Data Analysis and Statistics, 3, 16, 37, 60
Data encryption, 10
Design of the program, 2
Diagnostic Report, 5, 15
Discriminant validity estimates, 65
Dynamic calibration, 47

C
Calibration
background, 40
defined, 41
item and scale, 40
item presentation, 44
sample description, 43
of Star Maths for use in version 2, 43
test form designations, 45
Capabilities, 10
Chi-square test, 64
Coefficients
biserial, 48
point-biserial, 48
Urry biserial correlation, 48
Comparative fit index (CFI), 64
Computation Processes, 3, 14, 20, 39, 60
Computerised-adaptive test (CAT) design, 49
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E
English language learners, 5
Expected information response functions (EIRF), 48
Exploratory factor analysis (EFA), 61
Extended time limits, 9

F
Factor analysis, 60

G
Generic reliability, 52
Global SEM, 52
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sampling for age standardisation of Star
Maths, 72
school disadvantage, 78
standardised scores and Percentile Ranks, 79
Norm-referenced scores, 81
Norm-referenced standardised scores (NRSS), 79
Numeration Concepts, 3, 14, 17, 60

H
Horizontal anchors, 46

I
Individualised tests, 10
Internal consistency, 51
Item bank, 3, 9, 40, 59
elimination from, 49
Item calibration, 40
Item discriminating power, 48
Item presentation, 44
Item response function (IRF), 42, 48
Item response theory (IRT), 40, 41, 46, 52, 60
difficulty parameter, 43

O
omputerised-adpative test (CAT), 51

P
Partnership for Assessment of Readiness for
College and Careers (PARCC), 69
Password entry, 11
Percentile Rank (PR), 50, 79, 81, 82
Percentile Rank Range, 82
Point-biserial coefficient, 48
Practice session, 6
Predictive validity estimates, 65
Pretest Instructions, 12
Proficiency, 81
Program design, 2
PROPORTION, 61
p-value, 47

K
Kuder-Richardson Formula 20 (KR-20), 54

M
Maths Level (ML), 7
Maximum-Likelihood IRT estimation, 50
Measurement, 3, 16, 27, 60
defined, 51
precision, 51
Meta-analysis, 67
MINEIGEN, 61

R
Rasch 1-parameter logistic IRT model, 41, 60, 71
Rasch ability scale, 81
Rasch item response model, 41
Rasch maximum information IRT model, 7
Rasch score, 50
Reliability, 51
alternate forms, 55
generic, 52
split-half, 54
Repeating a test, 8
Reporting, 5
Root mean square error of approximation (RMSEA),
64
Rules for item retention, 48

N
National Foundation for Educational Research
(NFER), 65
Normed Referenced Standardised Score (NRSS),
81, 82
Norming, 72
data preparation, 72
gender, 76
regional distribution, 77
sample description, 75
sample selection and weighting, 74
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Index

individualised tests, 10
split-application model, 10
test monitoring/password entry, 11
Time limits, 9
extended, 9
standard, 9
Traditional item difficulty, 47
p-value, 47
Tucker-Lewis index (TLI), 64

S
Scale calibration, 40
Scaled Score (SS), 50, 81
Scores
criterion-referenced scores, 81
definitions, 81
Normed Referenced Standardised Score
(NRSS), 81, 82
norm-referenced scores, 81
Percentile Rank (PR), 81, 82
Percentile Rank Range, 82
Scaled Score (SS), 50, 81
Student Growth Percentile (SGP), 82
Scoring, 50
Shape and Space, 3, 16, 28, 60
Spearman-Brown formula, 54
Split application model, 10
Split-half reliability, 51, 54
Standard error of measurement (SEM), 52, 56, 57
Standardised root mean square residual (SRMR), 64
Star Maths
purpose of the program, 1
versions, 4
Student Growth Percentile (SGP), 82
test windows, 83
Summary of Star Maths validity evidence, 71

U
Urry biserial correlation, 48

V
Validity, 59
construct, 59
content, 59
defined, 59
summary, 71
Validity, external evidence
classification accuracy of Star Maths
for predicting proficiency and college
readiness on tests in the US, 69
classification accuracy of Star Maths
for predicting whether students meet
expected standards on Key Stage 2, 68
relationship of Star Maths scores to other
math achievement tests in the US, 67
relationship of Star Maths scores to other
maths achievement tests in the UK, 65
relationship of Star Maths to reading
achievement tests in the UK, 70
types, 65
Validity, interrnal evidence
evaluation of unidimensionality of Star Maths,
60
Vertical anchors, 46

T
Test administration procedures, 11
Test design, 13
Testing Password preference, 11
Testing procedure
determining difficulty of first item, 7
practice session, 6
Pretest Instructions, 12
time limits, 9
Test interface, 6
Test length, 3, 7, 8
Test monitoring/password entry, 11
Test repetition, 8
Test-retest reliability, 51, 55
Test security, 10
access levels and capabilities, 10
data encryption, 10
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Word Problems, 3, 16, 24, 60
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About Renaissance
Renaissance® transforms data about how students learn into instruments of empowerment for classroom
teachers, enabling them to guide all students to achieve their full potentials. Through smart, data-driven educational
technology solutions that amplify teachers’ effectiveness, Renaissance helps teachers teach better, students learn
better and school administrators lead better. By supporting teachers in the classroom but not supplanting them,
Renaissance solutions deliver tight learning feedback loops: between teachers and students, between assessment
of skills mastery and the resources to spur progress and between each student’s current skills and future academic
growth.
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