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Introduction 

Star Reading: Screening and Progress-Monitoring 
Assessment

Since the 2014–2015 school year, the current version of Star Reading has 
been available for use in assessing the reading achievement of students in 
Years 1–13. Star Reading is a 34-item standards-based adaptive assessment, 
aligned to the UK national curriculum and reading standards, that takes an 
average of less than 20 minutes. Star Reading provides immediate feedback 
to teachers and administrators on each student’s reading development.

Star Reading Purpose
As a periodic progress-monitoring assessment, Star Reading serves three 
purposes for students with at least a 100-word sight vocabulary. First, it provides 
educators with quick and accurate estimates of reading comprehension using 
students’ instructional reading levels. Second, it assesses reading achievement 
relative to UK norms. Third, it provides the means for tracking growth in a 
consistent manner longitudinally for all students. This is especially helpful to 
school and school network administrators. While the Star Reading test provides 
accurate normed data like traditional norm-referenced tests, it is not intended to 
be used as a “high-stakes” test. Rather, because of the high correlation between 
the Star Reading test and high-stakes instruments, classroom teachers can use 
Star Reading scores to fine-tune instruction while there is still time to improve 
performance before the regular test cycle. At the same time, school and school 
network administrators can use Star Reading to predict performance on high-
stakes tests. Furthermore, Star Reading results can easily be disaggregated to 
identify and address the needs of various groups of students.

The Star Reading test’s repeatability and flexible administration provide 
specific advantages for everyone responsible for the education process:

	X For students, Star Reading software provides a challenging, interactive and 
brief test that builds confidence in their reading ability.

	X For teachers, the Star Reading test facilitates individualised instruction by 
identifying children who need remediation or enrichment most.

	X For head teachers, the Star Reading software provides regular, accurate 
reports on performance at the class, Year, school and school network level.
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	X For administrators and assessment specialists, it provides a wealth of 
reliable and timely data on reading growth at each school and school 
network. It also provides a valid basis for comparing data across schools, 
Years and special student populations.

This manual documents the suitability of Star Reading computer-adaptive 
testing for these purposes and demonstrates quantitatively how well this 
innovative instrument in reading assessment performs. The current version of 
Star Reading is similar in many ways to the previous version of Star Reading 
and comes with some enhanced features, including additional reports and 
expanded benchmark management.

Design of Star Reading

Three Generations of Star Reading Assessments
The introduction of the current version of Star Reading in 2014 marked the 
third generation of Star Reading assessments. The first generation consisted 
of Star Reading version 1, which was a variable-length adaptive assessment 
of reading comprehension that employed a single item type: vocabulary-in- 
context items. Star Reading’s original item bank contained 1,000 such items 
distributed among 54 difficulty levels. The Star Reading test was nationally 
standardised in the UK prior to release. Although it was a breakthrough 
computer adaptive test, Star Reading 1 was based on traditional test theory.

The second generation differed from the first in two major respects: It 
replaced traditional test theory with Item Response Theory (IRT) as the 
psychometric foundation for adaptive item selection and scoring and its 
test length was fixed at twenty-five items (rather than the variable length of 
version 1). The second generation of Star Reading included several revisions; 
successive versions differed from one another primarily in terms of the size 
of their item banks, which grew to over 2,000 items. Like the first generation 
of Star Reading tests, the second generation continued to measure a single 
construct: reading comprehension.

The third generation is represented by the current version of Star Reading. 
This is the first version of Star Reading to be designed as a standards-
based test; its items are organised into 4 blueprint domains, 6 blueprint 
subdomains and 34 blueprint skill areas—all designed to align to UK national 
and curriculum standards in reading. Like the second generation of Star 
Reading tests, the third generation of Star is based on IRT and uses fixed-
length adaptive tests. Its tests are longer than the second generation test—34 
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items in length—both to facilitate broader standards coverage and to improve 
measurement precision and reliability.

Overarching Design Considerations
One of the fundamental Star Reading design decisions involved the choice 
of how to administer the test. The primary advantage of using computer 
software to administer Star Reading tests is the ability to tailor each 
student’s test based on his or her responses to previous items. Conventional 
assessments, including paper-and-pencil tests, typically entail fixed test 
forms: every student must respond to the same items in the same sequence. 
Using computer-adaptive procedures, the software can test students on items 
that appropriately match their current level of proficiency. The item selection 
procedures, termed Adaptive Branching, effectively customise the test for 
each student’s achievement level.

Adaptive Branching offers significant advantages in terms of test reliability, 
testing time and student motivation. Reliability improves over fixed-form tests 
because the test difficulty is adjusted to each individual’s performance level; 
students do not have to fit a “one test fits all” model. Most of the test items 
that students respond to are at levels of difficulty that closely match their 
achievement level. Testing time decreases because, unlike in paper-and-pencil 
tests, there is no need to expose every student to a broad range of material, 
portions of which are inappropriate because they are either too easy for high 
achievers or too difficult for those with low current levels of performance. 
Finally, student motivation improves simply because of these issues—test 
time is minimised and test content is neither too difficult nor too easy.

Another fundamental Star Reading design decision involved the choice of 
the content and format of items for the test. Many types of stimulus and 
response procedures were explored, researched, discussed and prototyped. 
These procedures included the traditional reading passage followed by sets 
of literal or inferential questions, previously published extended selections of 
text followed by open-ended questions requiring student-constructed answers 
and several cloze-type procedures for passage presentation. While all of 
these procedures can be used to measure reading comprehension and overall 
reading achievement, the vocabulary-in-context format was selected as the 
primary item format for the first-generation Star Reading assessments. This 
decision was made for interrelated reasons of efficiency, breadth of construct 
coverage and objectivity and simplicity of scoring.

The current third-generation tests expand the breadth of item formats and 
content beyond that of the previous versions. Each test consists of 34 items; 
of these, the first 10 to 16 are vocabulary-in-context items (depending on the 
student’s Year), while the last 18 to 24 items spiral their content to include 
standards-based material from all four blueprint domains. The introduction 
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of the 34-Item Star Reading version replaced the previous version in the UK, 
giving users a standards-based assessment which assures a broad range 
of different reading skills, appropriate to each Year level and performance. 
For these reasons, the Star Reading test design and item format provide a 
valid procedure for assessing a student’s reading comprehension. Data and 
information presented in this manual reinforce this.

Improvements Over Previous Star Reading Versions

In the current version of Star Reading, all management and test administration 
functions are controlled using a management system which is accessed by 
means of a computer with web access.

This makes a number of new features possible:

	X It makes it possible for multiple schools to share a central database, such 
as a school network-level database. Records of students transferring 
between schools within the school network will be maintained in the 
database; the only information that needs revision following a transfer is 
the student’s updated school and class assignments.

	X The same database that contains Star Reading data can contain data 
on other Star tests, including Star Early Literacy and Star Maths. The 
Renaissance program is a powerful 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 products, as well as other 
Renaissance software, are reflected in every other Renaissance program 
sharing the central database.

	X Multiple levels of access are available, from the test administrator within 
a school or classroom to teachers, head teachers and school level 
administrators.

	X 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 and 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 lunch, to English 
language learners or to students who fit both categories. It also supports 
compiling reports by teacher, class, school, Year 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 Reading and Accelerated Reader) at the teacher, class, 
school and school network level and display the information in one report.
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	X 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.

Test Interface
The Star Reading 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.

	X If using the keyboard, students press one of the four number keys (1, 2, 
3 and 4) and then press the Enter key (or the return key on Macintosh 
computers).

	X If using the mouse, students click the answer of choice and then click 
Next to enter the answer.

	X On a tablet, students tap their answer choice; then, they tap Next.

Practice Session
Star Reading 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. 
As soon as a student has answered three practice questions correctly, the 
program takes the student into the actual test. As long as they possess the 
requisite 100-word vocabulary, even the lowest-level readers should be able 
to answer the sample questions correctly. If the student has not successfully 
answered three items by the end of the practice session, Star Reading will halt 
the testing session and tell the student to ask the teacher for help. It may be 
that the student cannot read at even the most basic level or it may be that the 
student needs help operating the interface, in which case the teacher should 
help the student through the practice session the next time. Before beginning 
the next test with the student, the program will recommend that the teacher 
assist the student during the practice.

Once a student has successfully passed a practice session, the student will 
not be presented with practice items again on a test of the same type taken 
within the next 180 days.
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Adaptive Branching/Test Length
Star Reading’s branching control uses a proprietary approach somewhat 
more complex than the simple Rasch maximum information IRT model. The 
Star Reading approach was designed to yield reliable test results for both the 
criterion-referenced and norm-referenced scores by adjusting item difficulty 
to the responses 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 
Reading 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 percent of students will be able 
to answer the first item correctly. Teachers can override this typical value by 
entering an even lower Estimated Instructional Reading Level for the student. 
On the second and subsequent administrations, the Star Reading test 
again begins with items that have a difficulty level lower than the previously 
demonstrated reading ability. Students generally have an 85 percent chance 
of answering the first item correctly on second and subsequent tests.

Test Length
Once the testing session is underway, the Star Reading test administers 34 
items of varying difficulty based on the student’s responses; this is sufficient 
information to obtain a reliable Scaled Score and to determine the student’s 
Reading Level.

The length of time needed to complete a Star Reading test varies across 
students.

Table 1 provides an overview of the testing time by Year for the students 
who took Star Reading during the 2017–18 school year. The results of the 
analysis of test completion time indicate that more than half of the students 
completed the test in less than 20 minutes. Even in the slowest Year (Year 3) 
95% of students finished their Star Reading test in less than 33 minutes.
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Table 1: Average and Percentiles of Total Time to Complete Star Reading Assessment During the 2017–2018 
School Year

Year
Sample 

Size

Time to Complete Test (in Minutes)

Mean
Standard 
Deviation

5th 
Percentile

50th 
Percentile

95th 
Percentile

99th 
Percentile

1 43,201 16.97 7.9 5.38 16.15 31.32 39.05

2 181,967 16.69 6.73 6.45 16.18 28.57 35.03

3 431,543 19.09 7.52 7.27 18.67 32.1 38.95

4 476,557 18.2 5.8 8.4 18.2 27.72 31.63

5 510,405 18.2 5.43 9.13 18.2 27.08 31.03

6 421,108 18.23 5.21 9.4 18.28 26.65 30.38

7 917,003 18.84 5.67 8.68 19.13 27.68 31.18

8 713,069 18.88 5.74 8.52 19.2 27.8 31.3

9 308,250 18.86 5.86 8.22 19.2 27.95 31.4

10 59,694 19.01 6.17 7.6 19.43 28.53 32.2

11 15,399 19.23 6.37 7.35 19.63 29.2 32.85

12 1,896 18.61 6.85 6.23 18.95 29.48 33.4

13 1,279 18.18 7.05 5.75 18.53 29.5 32.57

Overall 4,081,371 18.54 5.97 8.28 18.65 28.08 32.68

Test Repetition
Star Reading score data can be used for multiple purposes, such as 
screening, placement, planning, 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 
Learning recommends assessing students only as frequently as necessary to 
get the data needed. Schools that use Star for screening purposes typically 
administer it three 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 Reading may be administered monthly for 
progress monitoring purposes and as often as fortnightly when needed.

Star Reading keeps track of the questions presented to each student from test 
session to test session and will not normally ask the same question more than 
once in any 90-day period.
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Item Time Limits
Star Reading tests place no limits on total testing time. However, there are 
time limits for each test item. The per-item time limits are generous and 
ensure that more than 90 percent of students can complete each item within 
the normal time limits.

Star Reading 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.

Extended time may be a valuable accommodation for English language 
learners as well as for some students with disabilities. Test users who elect 
the extended time limit for their students should be aware that Star Reading 
norms, as well as other technical data such as reliability and validity, are based 
on test administration using the standard time limits. When the extended time 
limit accommodation is elected, students have substantially longer than the 
standard time limits to answer each question.

Table 2 shows time limits for Star Reading’s test questions. These values are 
based on latency data obtained during item validation. Very few vocabulary-
in-context items at any Year had latencies longer than 30 seconds and almost 
none (fewer than 0.3 percent) had latencies of more than 45 seconds. Thus, 
the time-out limit was set to 45 seconds for most students and increased 
to 60 seconds for the very young students. Longer time limits were allowed 
for item types other than vocabulary-in-context. Students in all Years have 
60 seconds to answer each practice question. With the extended time limit 
accommodation, students in all Years have 180 seconds to answer each 
practice question.

Table 2: Star Reading Time-Out Limits

Years Standard Time Limit Extended Time Limit 

1–2 60 seconds for practice 180 seconds for practice

60 seconds for questions 1–16
120 seconds for questions 17–34

180 seconds for questions 1–16
270 seconds for questions 17–34

3 60 seconds for practice 180 seconds for practice

60 seconds for questions 1–10
120 seconds for questions 11–34

180 seconds for questions 1–10
270 seconds for questions 11–34

4–13 60 seconds for practice 180 seconds for practice

45 seconds for questions 1–10
90 seconds for questions 11–34

135 seconds for questions 1–10
270 seconds for questions 11–34
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At all Years, regardless of the extended time limit setting, when a student 
has only 15 seconds remaining for a given item, a time-out warning appears, 
indicating that he or she should make a final selection and move on. Items 
that time out are counted as incorrect responses unless the student has the 
correct answer selected when the item times out. If the correct answer is 
selected at that time, the item will be counted as a correct response.

If a student does not respond to an item, the item times out and briefly gives 
the student a message describing what has happened. Then the next item is 
presented. The student does not have an opportunity to take the item again. If 
a student does not respond to any item, all items are scored as incorrect.

Test Security
Star Reading 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 Reading, they do not have access to the same 
functions that teachers, administrators and other personnel can access. 
Students are allowed to take the test and no other features available in Star 
Reading 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 Reading 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 Reading data or access or change it with other software.
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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 
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 Reading tests from unauthorised 
computers (such as home computers). For more information, see https://help.
renlearn.co.uk/RP/SettingSecurityOptions.

The security of the Star Reading 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 
user permissions 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 Reading 
software.

Test Monitoring/Password Entry
Test monitoring is another useful Star Reading 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 Reading software can do much to provide specific measures of 
test security, the most important line of defense 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. Taking these simple 
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precautionary steps will help maintain Star Reading’s security and the quality 
and validity of its scores.

Test Administration Procedures
In order to ensure consistency and comparability of results to the Star 
Reading norms, students taking Star Reading tests should follow standard 
administration procedures. The testing environment should be as free from 
distractions for the student as possible.

The Pretest Instructions included with the Star Reading product describe the 
standard test orientation procedures that teachers should follow to prepare 
their students for the Star Reading test. These instructions are intended for 
use with students of all ages; however, the Star Reading test should only 
be administered to students who have a reading vocabulary of at least 100 
words. The instructions were successfully field-tested with students ranging 
from Years 2–9. It is important to use these same instructions with all 
students before they take the Star Reading test.
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From its initial release of Star Reading for the UK until the introduction of the 
Star Reading 2014 UK version, Star Reading was a 25-item adaptive test of 
general reading achievement, with its focus on comprehension, presented 
in a modified “cloze” format. The current version of Star Reading for the UK 
is based upon the assessment of 34 blueprint skill sets organised within 4 
blueprint domains and 6 blueprint subdomains of reading (see Table 3) and 
maps the progression of reading skills as they develop in sophistication from 
Years 1 through 13. The test consists of 34 items, each of which is designed 
to assess a specific skill within the test blueprint. The Star Reading test 
blueprint is largely fixed. Renaissance may alter the blueprint if there are data-
driven reasons to make a major change to the content.

Before inclusion in the Star Reading UK item bank, all items are reviewed 
to ensure they meet the content specifications for Star Reading item 
development. Items that do not meet the specifications are either discarded 
or revised for recalibration. All new item development adheres to the 
content specifications and all items have been calibrated using the dynamic 
calibration method. Additionally, all items in the Star Reading UK item bank are 
reviewed for appropriateness and localised for use in the UK.

The first stage of expanded Star Reading development was to define the 
set of skills to be assessed in accordance with curriculum standards and 
with the English National Curriculum Learning Progression for Reading. 
The development of the skills list included iterative reviews by reading and 
assessment experts and psychometricians specialising in educational 
assessment. See Table 3 for the Star Reading for the UK blueprint skills list.

The second stage of development included item development and calibration. 
Assessment items are developed according to established specifications 
for Year-level appropriateness and then reviewed to ensure the items meet 
the specifications. Year-level appropriateness is determined by multiple 
factors, including reading skill, reading level, cognitive load, vocabulary 
Year level, sentence structure, sentence length, subject matter and interest 
level. All writers and editors have content-area expertise and relevant 
classroom experience and use those qualifications in determining Year-level 
appropriateness for subject matter and interest level. A strict development 
process is maintained to ensure quality item development.

Assessment items, once written, edited and reviewed are field-tested and 
calibrated to estimate their Rasch difficulty parameters and goodness of fit 
to the model. Field testing and calibration are conducted in a single step. This 
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dynamic calibration method is done by embedding new items in appropriate, 
random positions within the Star assessments to collect the item response 
data needed for psychometric evaluation and calibration analysis. Following 
these analyses, each assessment item—along with both traditional and 
Item Response Theory (IRT) analysis information (including fit plots) and 
information about the test level, form and item identifier—is stored in an item 
statistics database. A panel of content reviewers then examines each item 
within the proper context to determine whether the item meets all criteria for 
use in an operational assessment in the UK.

Table 3: Star Reading for the UK Assessment Organization: Blueprint Domains, Subdomains and Skill Areas

Blueprint Domain Blueprint Subdomain Blueprint Skill Area

Word Reading Word Recognition Root words, Prefixes and Suffixes

Words with Contractions

Comprehension Vocabulary Vocabulary Acquisition

Comprehension (Literary/
Fiction/Narrative)

Understanding and Interpreting Texts Analysis and Comparison

Author’s Purpose and Perspective 

Author’s Use of Language

Character

Comprehension Monitoring

Conventions 

Inference and Evidence

Main Ideas and Themes

Plot

Prediction

Purpose for Reading

Setting

Skills of Literary Criticism

Structure 

Summary

Engaging and Responding to Texts Formulation and Justification of Opinion

Literary Heritage 



Star Assessments™ for Reading
Technical Manual 14

Content and Item Development
Content Specification

Table 3: Star Reading for the UK Assessment Organization: Blueprint Domains, Subdomains and Skill Areas

Blueprint Domain Blueprint Subdomain Blueprint Skill Area

Comprehension (Information/
Non-Fiction/Non-Narrative)

Understanding and Interpreting Texts Analysis and Comparison

Author’s Purpose and Perspective

Author’s Use of Language

Comprehension Monitoring

Conventions

Critique of Information Texts

Inference and Evidence

Main Ideas and Themes

Purpose for Reading

Research Strategies

Structure

Summary

Engaging and Responding to Texts Formulation and Justification of Opinion

Range of Reading

The Educational Development Laboratory’s Core Vocabulary List: ATOS Graded 
Vocabulary List

The original point of reference for the development of Star Reading items 
was the 1995 updated vocabulary lists that are based on the Educational 
Development Laboratory’s (EDL) A Revised Core Vocabulary (1969) of 7,200 
words. The EDL vocabulary list is a soundly developed, validated list that 
is often used by developers of educational instruments to create all types 
of educational materials and assessments. It categorises hundreds of 
vocabulary words according to Year placement, from reception through post-
upper Years. This was exactly the span desired for the Star Reading test.

Beginning with new test items introduced in version 4.3, Star Reading item 
developers used ATOS instead of the EDL word list. ATOS is a system for 
evaluating the reading level of continuous text; it contains over 125,000 
words in its graded vocabulary list. This readability formula was developed by 
Renaissance Learning, Inc. and designed by leading readability experts. ATOS 
is the first formula to include statistics from actual student book reading.

Content Specification
The item bank for Star Reading for the UK has been expanding steadily since 
the original product launch and continues to this day. Content development is 
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driven by the test design and purposes, which are to measure comprehension 
and general reading achievement. Based on test purpose, the desired content 
had to meet certain criteria. First, it had to cover a range broad enough to 
test students from Years 1–13. Second, the current collection of test items 
must be large enough so that students could test often without being given 
the same items twice. As of March 2019 the item bank for Star Reading UK 
contains 3,914 items.

Item Development Specifications
During item development, a strict editorial process ensures that items avoid 
the use of stereotypes, potentially offensive language or characterisations and 
descriptions of people or events that could be construed as being offensive, 
demeaning, patronising or otherwise insensitive. The editing process also 
includes a strict sensitivity review of all items to attend to issues of gender 
and ethnic-group balance.

Vocabulary-in-Context Item Specifications
Each of the vocabulary items is written to the following specifications:

1. Each vocabulary-in-context test item consists of a single-context sentence. 
This sentence contains a blank indicating a missing word. Three or 
four possible answers are shown beneath the sentence. For questions 
developed at Year 1 and Year 2 reading levels, three possible answers are 
given. Questions at a Year 3 reading level and higher offer four possible 
answers.

2. To answer the question, the student selects the word from the answer 
choices that best completes the sentence. The correct answer option is 
the word that appropriately fits both the semantics and the syntax of the 
sentence. All of the incorrect answer options either fit the syntax of the 
sentence or relate to the meaning of something in the sentence. They do 
not, however, meet both conditions.

3. The answer blanks are generally located near the end of the context 
sentence to minimise the amount of rereading required.

4. The sentence provides sufficient context clues for students to determine 
the appropriate answer choice. However, the length of each sentence 
varies according to the guidelines shown in Table 4.
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Table 4: Vocabulary-in-Context Grade Level Maximum Sentence Length 
(Including Sentence Blank)

UK Year Maximum Sentence Length

Years 1 and 2 10 words

Years 3 and 4 12 words

Years 5–7 14 words

Years 8–14 16 words

5. Typically, the words providing the context clues in the sentence are below 
the level of the test word. However, due to a limited number of available 
words, not all of the questions at or below Year 3 meet this criterion—but 
even at these levels, no context words are above the Year level of the item.

6. The correct answer option is a word selected from the appropriate Year 
level of the item set. Incorrect answer choices are words at the same 
test level or one Year below. Through vocabulary-in-context test items, 
Star Reading requires students to rely on background information, apply 
vocabulary knowledge and use active strategies to construct meaning 
from the assessment text. These cognitive tasks are consistent with what 
researchers and practitioners describe as reading comprehension.

Reading Skills Item Specifications
Valid item development is contingent upon several independent factors. The 
following section outlines the factors which guide Star Reading item content 
development. Item content consists of stems, answer choices and short 
passages.

Adherence to Skills
Star Reading for the UK currently assesses 271 Year-specific skills within 
the Renaissance Reading Learning Progression for the English National 
Curriculum. Each item in the item bank is developed for and clearly aligned 
to one skill. An item meets the alignment criteria if the knowledge and skill 
required to correctly answer the item match the intended knowledge and skill 
being assessed. Answering an item correctly does not require reading skill 
knowledge beyond the expected knowledge for the skill being assessed. Star 
Reading items include only the information and text needed to assess the skill.
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Level of Difficulty: Readability
Readability is a primary consideration for level of item difficulty. Readability 
relates to the overall ease of reading a passage and items. Readability involves 
the reading level, as well as the layout and visual impact of the stem, passage/
support information/graphics and the answer choices. Readability in Star 
item development accounts for the combined impact, including intensity and 
density, of each part of the item, even though the individual components of the 
item may have different readability guidelines.

The reading level and Year level for individual words are guided by the 
ATOS readability formula. Item stems and answer choices present several 
challenges to accurately determine reading level. Items may contain 
discipline-specific vocabulary that is typically above Year level but may still 
be appropriate for the item. Examples of this could include setting, summary 
or paragraph and the like. Answer choices may be incomplete sentences for 
which it is difficult to get an accurate ATOS level. These factors are taken into 
account when determining reading level.

Item stems and answer choices that are complete sentences are written 
for the intended Year level of the item. The words in the answer choices and 
stems that are not complete sentences are within the designated Year-level 
range. Reading comprehension is not complicated by unnecessarily difficult 
sentence structure and/or vocabulary.

Passages are also written at Year level. Table 5 indicates the Grade Level 
Expectations (GLE) range, item work count range, maximum passage word 
count and sentence length range.

One exception exists for the reading skill use context clues. For those items, the 
target word will be one level above the designated Year-level of the item.

Table 5: Readability Guidelines

Year GLE Range
Maximum Item 

Word Count

Maximum 
Words Per 
Sentence

Number of 
Words 1 Year 

Above Number of Unrecognised Words

1 Less than 30 < 10 0 As a rule, the only unrecognised words will 
be names, common derivatives, etc.

2 30 10 0

3 1.8 – 2.7 40 12 0

4 2.8 – 3.7 55 12 0

5 3.8 – 4.7 70 14 0

6 4.8 – 5.7 80 14 1

7 5.8 – 6.7 80 14 1

8 6.8 – 7.7 90 16 1
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Table 5: Readability Guidelines

Year GLE Range
Maximum Item 

Word Count

Maximum 
Words Per 
Sentence

Number of 
Words 1 Year 

Above Number of Unrecognised Words

9 7.8 – 8.7 90 16 1

10 7.8 – 9.4 90 18 1

11 8.4 – 10.5 100 20 1

12 9.3 – 11.2 110 22 2

13 9.8 – 12.1 120 24 2

Level of Difficulty: Cognitive Load, Content Differentiation and Presentation
In addition to readability, each item is constructed with consideration to 
cognitive load, content differentiation and presentation as appropriate for the 
ability and experience of a typical student at that Year level.

	X Cognitive Load: Cognitive load involves the type and amount of knowledge 
and thinking that a student must have and use in order to answer the item 
correctly. The entire impact of the stem and answer choices must be taken 
into account.

	X Content Differentiation: Content differentiation involves the level of detail 
that a student must address to correctly answer the item. Determining 
and/or selecting the correct answer should not be dependent on noticing 
subtle differences in the stem or answer choices.

	X Presentation: The presentation of the item includes the consistent 
placement of item components, including directions, stimulus 
components, questions and answer choices. Each of these should have 
a typical representation for the discipline area and Year level. The level of 
visual differentiation needed to read and understand the item components 
must be Year-level appropriate.

Efficiency in Use of Student Time
Efficiency is evidenced by a good return of information in relation to the 
amount of time the student spends on the item. The action(s) required of the 
student are clearly evident. Ideally, the student is able to answer the question 
without reading the answer choices. Star Reading items have clear, concise, 
precise and straightforward wording.
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Balanced Items: Bias and Fairness
Item development meets established demographic and contextual goals that 
are monitored during development to ensure the item bank is demographically 
and contextually balanced. Goals are established and tracked in the following 
areas: use of literary and information text, subject and topic areas, geographic 
region, gender, ethnicity, occupation, age and disability.

	X Items are free of stereotyping, representing different groups of people in 
non-stereotypical settings.

	X Items do not refer to inappropriate content that includes but is not limited 
to content that presents stereotypes based on ethnicity, gender, culture, 
economic class or religion.

	X Items do not present any ethnicity, gender, culture, economic class or 
religion unfavorably.

	X Items do not reference illegal activities, sinister or depressing subjects, 
religious activities or holidays based on religious activities, witchcraft or 
unsafe activities.

Accuracy of Content
Concepts and information presented in items are accurate, up-to-date and 
verifiable. This includes, but is not limited to, references, dates, events and 
locations.

Item Components
In addition to the guidelines outlined above, there are criteria that apply to 
individual item components. The guidelines for passages are addressed 
above. Specific considerations regarding stem and distractors are listed 
below.

Item stems meet the following criteria with limited exceptions:

	X The question is concise, direct and a complete sentence. The question is 
written so students can answer it without reading the distractors.

	X Generally, completion (blank) stems are not used. If a completion stem is 
necessary (such as is the case for vocabulary-in-context skills) the stem 
contains enough information for the student to complete the stem without 
reading the distractors and the completion blank is as close to the end of 
the stem as possible.

	X The stem does not include verbal or other clues that hint at the correct 
answer or incorrect distractors.
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	X The syntax and grammar are straightforward and appropriate for the Year 
level. Negative construction is avoided.

	X The stem does not contain more than one question or part.

Distractors meet the following criteria with limited exceptions:

	X All distractors are plausible and reasonable.

	X Distractors do not contain clues that hint at the correct answer.

	X Incorrect answers are created based on common student mistakes.

	X Distractors that are not common mistakes may vary between being 
close to the correct answer or close to a distractor that is the result of a 
common mistake.

	X Distractors are independent of each other, are approximately the same 
length, have grammatically parallel structure and are grammatically 
consistent with the item.

	X None of these, none of the above, not given, all of the above and all of these are 
not used as distractors.
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Background
Star Reading was initially published in 1996 in the US and quickly became one 
of the first applications of computerised adaptive testing (CAT) to educational 
assessment at the primary and secondary school levels. Unlike other early 
CAT applications, the initial version of Star Reading was not based on item 
response theory (IRT). Instead, it was an instance of stratified adaptive testing 
(Weiss, 19731). The items in its item bank were sorted into grade levels (strata) 
based on their vocabulary levels. Examinees started the test at the stratum 
corresponding to their school grade; an algorithm branched them to easier or 
more difficult levels, contingent on their performance. 

IRT was introduced in Version 2 of Star Reading. At that time, hundreds of 
new test items were developed, and both the new and the original items from 
Version 1 were calibrated as to difficulty on a vertical scale using the Rasch 
1 parameter logistic item response model. Star Reading uses the calibrated 
Rasch difficulty of the test items as the basis for adaptive item selection. And 
it uses the Rasch difficulty of the items administered to a student, along with 
the pattern of right and wrong answers, to calculate a maximum likelihood 
estimate of the location of the student on the Rasch scale. To provide 
continuity with the non-IRT score scale of Version 1, equipercentile equating 
was used to transform the Rasch scores to the original Star Reading score 
scale.

Version 2’s Rasch model-based scale of item difficulty and student ability has 
continued in use in all subsequent versions of Star Reading. This version was 
introduced in the UK in 2001. This chapter describes the technical details of 
the development of that Rasch scale.

Calibration of Star Reading Items for Use in Version 2.0
This section summarises the psychometric research and development 
undertaken to prepare the large pool of calibrated reading test questions first 
used in Star Reading 2, as well as the linkage of Star Reading 2 scores to the 
original Star Reading 1 score scale. This research took place in two stages: 

1. Weiss, D.J. The stratified adaptive computerized ability test (Research Report 73-3). Minneapolis: 
University of Minnesota, Department of Psychology, Psychometric Method Program, 1973. 
https://eric.ed.gov/?id=ED084301

https://eric.ed.gov/?id=ED084301
https://eric.ed.gov/?id=ED084301
https://eric.ed.gov/?id=ED084301
https://eric.ed.gov/?id=ED084301
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item calibration and score scale calibration. These are described in their 
respective sections below.

In Star Reading 2 development, a large-scale item calibration program was 
conducted in the spring of 1998. The Star Reading 2 item calibration study 
incorporated all of the newly written vocabulary-in-context and authentic text 
passage items, as well as over 800 vocabulary items in the Star Reading 1 
item bank. Two distinct phases comprised the item calibration study. The first 
phase was the collection of item response data from a multi-level national 
student sample. The second phase involved the fitting of item response 
models to the data and developing a single IRT difficulty scale spanning all 
levels from US grades 1–12 (equivalent to Years 2–13).

Sample Description
The data collection phase of the Star Reading 2 calibration study began 
with a total item pool of over 2100 items. A nationally representative sample 
of US students tested these items. A total of 27,807 US students from 247 
US schools participated in the item calibration study. Table 6 provides the 
numbers of US students in each grade who participated in the study.

Table 6: Numbers of US Students Tested by Grade, Star Reading 2 Item 
Calibration Study—Spring 1998

US Grade Level Number of Students Tested

1 4,037

2 3,848

3 3,422

4 3,322

5 2,167

6 1,868

7 1,126

8 713

9 2,030

10 1,896

11 1,326

12 1,715

Not Given 337
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Table 7 presents descriptive statistics concerning the make-up of the US 
calibration sample. This sample included 13,937 males and 13,626 females 
(244 student records did not include gender information). As Table 7 illustrates, 
the try-out sample approximated the US national school population fairly well.

Table 7: US Sample Characteristics, Star Reading US 2 Calibration Study—
Spring 1998 (N = 27,807 Students)

Students

National % Sample %

Geographic Region
in United States

Northeast 20% 16%

Midwest 24% 34%

Southeast 24% 25%

West 32% 25%

District
(School Network)
Socioeconomic Status

Low: 31–100% 30% 28%

Average: 15–30% 29% 26%

High: 0–14% 31% 32%

Nonpublic 10% 14%

School Type
& District (School
Network)
Enrolment

Public

< 200 17% 15%

200–499 19% 21%

500–2,000 27% 25%

> 2,000 28% 24%

Nonpublic 10% 14%

Table 8 provides information about the ethnic composition of the US 
calibration sample. As Table 8 shows, the students participating in the 
calibration sample closely approximate the US national school population.

Table 8: Ethnic Group Participation, Star Reading US 2 Calibration Study—
Spring 1998 (N = 27,807 Students)

Students

National % Sample %

Ethnic Group Asian 3% 3%

Black 15% 13%

Hispanic 12% 9%

Native American 1% 1%

White 59% 63%

Unclassified 9% 10%
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Item Presentation
For the US calibration research study, seven levels of test booklets were 
constructed corresponding to varying US grade levels. Because reading 
ability and vocabulary growth are much more rapid in the lower grades, 
only one grade was assigned per test level for the first four levels of the test 
(through Year 5, US grade 4). As grade level (Year) increases, there is more 
variation among both students and school curricula, so a single test can cover 
more than one Year. US grades were assigned to test levels after extensive 
consultation with reading instruction experts as well as consideration for 
performance data for items as they functioned in the Star Reading US 1 test. 
Items were assigned to Years such that the resulting test forms sampled 
an appropriate range of reading ability typically represented at or near the 
targeted US grade levels.

US grade levels corresponding to each of the seven test levels are shown 
in the first two columns of Table 9. Students answered a set number of 
questions at their current Year, as well as a number of questions one Year 
above and one Year below their US grade level. Anchor items were included to 
allow for vertically scaling the test across the seven test levels. Table 9 breaks 
down the composition of test forms at each test level in terms of types and 
number of test questions, as well as the number of calibration test forms at 
each level.

Table 9: Calibration Test Forms Design by Test Level Star Reading US 2 
Calibration Study—Spring 1998

Test Level
US Grade 

Levels
Items per 

Form

Anchor 
Items per 

Form

Unique 
Items per 

Form
Number of 
Test Forms

A 1 44 21 23 14

B 2 44 21 23 11

C 3 44 21 23 11

D 4 44 21 23 11

E 5–6 44 21 23 14

F 7–9 44 21 23 14

G 10–12 44 21 23 15

Each of the calibration test forms within a test level consisted of a set of 
21 anchor items which were common across all test forms within a test 
level. Anchor items consisted of items: a) on Year, b) one Year above and c) 
one Year below the targeted US grade level (Year). The use of anchor items 
facilitated equating of both test forms and test levels for purposes of data 
analysis and the development of the overall score scale.
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In addition to the anchor items were a set of 23 additional items that were 
unique to a specific test form (within a level). Items were selected for a 
specific test level based on Star Reading US 1 grade level assignment, EDL 
vocabulary grade designation or expert judgment. To avoid problems with 
positioning effects resulting from the placement of items within each test 
booklet form, items were shuffled within each test form. This created two 
variations of each test form such that items appeared in different sequential 
positions within each “shuffled” test form. Since the final items would be 
administered as part of a computer-adaptive test, it was important to remove 
any effects of item positioning from the calibration data so that each item 
could be administered at any point during the test.

The number of field test forms constructed for each of the seven test levels 
is shown in the last column of Table 9 (varying from 11–15 forms per level).
Calibration test forms were spiraled within a class such that each student 
received a test form essentially at random. This design ensured that no more 
than two or three students in any class attempted any particular try-out item. 
Additionally, it ensured a balance of student ability across the various try-out 
forms. Typically, 250–300 students at the designated US grade level of the 
test item received a given question on their test.

It is important to note that the majority of questions in the Star Reading US 
2 calibration study already had some performance data on them. All of the 
questions from the Star Reading US 1 item bank were included, as were 
many items that were previously field tested but were not included in the Star 
Reading US 1 test.

Following extensive quality control checks, the Star Reading US 2 calibration 
research item response data were analysed, by level, using both traditional 
item analysis techniques and IRT methods. For each test item, the following 
information was derived using traditional psychometric item analysis 
techniques:

	X The number of students who attempted to answer the item

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

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

	X The percentage of students who selected each answer choice

	X The correlation between answering the item correctly and the total score 
(a traditional measure of item discrimination)

	X The correlation between the endorsement of an alternative answer and the 
total score
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Item Difficulty
The difficulty of an item, in traditional item analysis, is the percentage 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 percent) indicate that 
the item is difficult since only a small percentage of students answered it 
correctly. High p-values (such as 90 percent) 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.

Item Discrimination
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 well with total test score also tend to correlate well 
with one another and produce a test that is more reliable (more internally 
consistent). For the correct answer, the higher the correlation between item 
mark and total score, the better the item is at discriminating between low-
scoring and high-scoring students. Such items generally will produce optimal 
test performance. When the correlation between the correct answer and 
total test score is low (or negative), it typically indicates that the item is not 
performing as intended. The correlation between endorsing incorrect answers 
and 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.

Item Response Function
In addition to traditional item analyses, the Star Reading calibration data 
were analysed using Item Response Theory (IRT) methods. Although IRT 
encompasses a family of mathematical models, the one-parameter (or Rasch) 
IRT model was selected for the Star Reading 2 data both for its simplicity and 
its ability to accurately model the performance of the Star Reading 2 items.

IRT attempts to model quantitatively what happens when a student with 
a specific level of ability attempts to answer a specific question. IRT 
calibration places the item difficulty and student ability on the same scale; 
the relationship between them can be represented graphically in the form of 
an item response function (IRF), which describes the probability of answering 
an item correctly as a function of the student’s ability and the difficulty of the 
item.
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Figure 1 on page 28 is a plot of three item response functions: one for an 
easy item, one for a more difficult one and one for a very difficult 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.

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 
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 estimates the IRT difficulty parameter for each 
test item and places all of the item parameters onto a common scale. 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 “empirical item response functions (EIRF)”: 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.
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Figure 1: Example of Item Statistics Database Presentation of Information

For purposes of the Star Reading 2 calibration research, two different “fit” 
measures (both unweighted and weighted) were computed. Additionally, if 
the IRT model is functioning well, then the empirical item response function 
(EIRF) points should approximate the (estimated) theoretical item response 
function (IRF). Thus, in addition to the traditional item analysis information, 
the following IRT-related information was determined for each item 
administered during the calibration research analyses:

	X The IRT item difficulty parameter

	X The unweighted measure of fit to the IRT model

	X The weighted measure of fit to the IRT model

	X The theoretical and empirical IRF plots

Rules for Item Retention
Following these analyses, each test item, along with both traditional and IRT 
analysis information (including IRF and EIRF plots) and information about the 
test level, form and item identifier, were stored in an item statistics database. 
A panel of US content reviewers then examined each item, within content 
strands, to determine whether the item met all criteria for inclusion into 
the bank of items that would be used in the US norming version of the Star 
Reading US 2 test. The item statistics database allowed experts easy access 
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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 Reading US 2 item bank.

US item selection was completed based on the following criteria. Items were 
eliminated when:

	X Item-total correlation (item discrimination) was less than 0.30

	X Some other answer option had an item discrimination that was high

	X Sample size of students attempting the item was less than 300

	X The traditional item difficulty indicated that the item was too difficult or too 
easy

	X The item did not appear to fit the Rasch IRT model

After each US content reviewer had designated certain items for elimination, 
their recommendations were combined and a second review was conducted 
to resolve issues where there was not uniform agreement among all 
reviewers.

Of the initial 2,100+ items administered in the US Star Reading 2 calibration 
research study, 1,409 were deemed of sufficient quality to be retained for 
further analyses. Traditional item-level analyses were conducted again on the 
reduced data set that excluded the eliminated items. IRT calibration was also 
performed on the reduced data set, and all test forms and levels were equated 
based on the information provided by the embedded anchor items within each 
test form. This resulted in placing the IRT item difficulty parameters for all 
items onto a single scale spanning US grades 1–12 (Years 2–13).

Table 10 summarises the final analysis information for the test items included 
in the US calibration test forms by test level (A–G). As shown in the table, the 
item placements in test forms were appropriate: the average percentage of 
students correctly answering items is relatively constant across test levels. 
Note, however, that the average scaled difficulty of the items increases across 
successive levels of the calibration tests, as does the average scaled ability of 
the students who answered questions at each test level. The median point-
biserial correlation, as shown in the table, indicates that the test items were 
performing well.
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Table 10: US Calibration Test Item Summary Information by Test Level Star Reading US 2 Calibration Study—
Spring 1998

Test Level
US Grade 
Level(s)

Number of 
Items

Sample 
Size

Average % 
Correct

Median % 
Correct

Median 
Point-

Biserial

Average 
Scaled 

Difficulty

Average 
Scaled 
Ability

A 1 343 4,226 67 75 0.56 –3.61 –2.36

B 2 274 3,911 78 88 0.55 –2.35 –0.07

C 3 274 3,468 76 89 0.51 –1.60 0.76

D 4 274 3,340 69 81 0.51 –0.14 1.53

E 5–6 343 4,046 62 73 0.47 1.02 2.14

F 7–9 343 3,875 68 76 0.48 2.65 4.00

G 10–12 366 4,941 60 60 0.37 4.19 4.72

Scale Calibration and Linking
The outcome of the item calibration study described above was a sizable bank 
of test items suitable for use in the Star Reading test, with an IRT difficulty 
scale parameter for each item. The difficulty scale itself was devised such that 
it spanned a range of item difficulty from US kindergarten level through US 
grade level 12 (Years 2–13). An important feature of Item Response Theory 
is that the same scale used to characterise the difficulty of the test items is 
also used to characterise examinees’ ability; in fact, IRT models express the 
probability of a correct response as a function of the difference between the 
scale values of an item’s difficulty and an examinee’s ability. The IRT ability/
difficulty scale is continuous; in the Star Reading US 2 norming, described in 
”Score Definitions” on page 74, the values of observed ability ranged from 
about –7.3 to +9.2, with the zero value occurring at about the US sixth-grade 
level (Year 7). 

4,589 US students from around the country, spanning all 12 US grades, 
participated in the linking study. Linking study participants took both Star 
Reading US 1 and Star Reading US 2 tests within a few days of each other. 
The order in which they took the two test versions was counterbalanced to 
account for the effects of practice and fatigue. Test score data collected were 
edited for quality assurance purposes and 38 cases with anomalous data 
were eliminated from the linking analyses; the linking was accomplished using 
data from 4,551 cases. The linking of the two score scales was accomplished 
by means of an equipercentile equating involving all 4,551 cases, weighted 
to account for differences in sample sizes across US grades. The resulting 
table of 99 sets of equipercentile equivalent scores was then smoothed using 
a monotonic spline function, and that function was used to derive a table 
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of Scaled Score equivalents corresponding to the entire range of IRT ability 
scores observed in the norming study. These Star Reading US 2 Scaled Score 
equivalents range from 0 to 1400. Star Reading UK uses the same Scaled 
Score that was developed for Star Reading US 2 and higher.2

Summary statistics of the test scores of the 4,551 cases included in the US 
linking analysis are listed in Table 11. The table lists actual Star Reading US 1 
Scaled Score means and standard deviations, as well as the same statistics 
for Star Reading US 2 IRT ability estimates and equivalent Scaled Scores 
calculated using the conversion table from the linking study. Comparing 
the Star Reading US 1 Scaled Score means to the IRT ability score means 
illustrates how different the two metrics are.

Comparing the Star Reading US 1 Scaled Score means to the Star Reading 
US 2 Equivalent Scaled Scores in the rightmost two columns of Table 11 
illustrates how successful the scale linking was.

Table 11: Summary Statistics of Star Reading US 1 and 2 Scores from the Linking Study, by US Grade— 
Spring 1999 (N = 4,551 Students)

US Grade Level
Sample 

Size

Star Reading US 1  
Scaled Scores

Star Reading US 2  
IRT Ability Scores

Star Reading US 2 
Equivalent Scale Scores

Mean S.D. Mean S.D. Mean S.D.

1 284 216 95 –1.98 1.48 208 109

2 772 339 115 –0.43 1.60 344 148

3 476 419 128 0.33 1.53 419 153

4 554 490 152 0.91 1.51 490 187

5 520 652 176 2.12 1.31 661 213

6 219 785 222 2.98 1.29 823 248

7 702 946 228 3.57 1.18 943 247

8 545 958 285 3.64 1.40 963 276

9 179 967 301 3.51 1.59 942 292

10 81 1,079 292 4.03 1.81 1,047 323

11 156 1,031 310 3.98 1.53 1,024 287

12 63 1,157 299 4.81 1.42 1,169 229

1–12 4,551 656 345 1.73 2.36 658 353

2. Data from the linking study made it clear that Star Reading US 2 software measures ability 
levels extending beyond the minimum and maximum Star Reading US 1 Scaled Scores. In 
order to retain the superior bandwidth of Star Reading US 2 software, extrapolation procedures 
were used to extend the Scaled Score range below 50 and above 1,350.
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On-line Data Collection for New Item Calibration
An important new feature has been added to the assessment—dynamic 
calibration. This new feature will allow response data on new test items to be 
collected during Star testing sessions in the US and UK, 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 towards 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 the testing time by 
one to two minutes. The new, non-calibrated items will not count toward the 
student’s final scores but will be analysed in conjunction with the responses of 
hundreds of other students from across the country.

Student identification does not enter into the analyses; they are statistical 
analyses only. The response data collected on new items will allow for 
frequent evaluation of new item content and will contribute to continuous 
improvement in Star tests’ assessment of student performance.

Computer-Adaptive Test Design
In computer-adaptive tests like the Star Reading US 2 test and the Star 
Reading UK test, 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 reading skills may branch to easier items in order to 
better estimate the student’s reading achievement level. High-performing 
students may branch to more challenging reading items in order to better 
determine the breadth of their reading skills and their reading achievement 
level.

During an adaptive test, a student may be “routed” to items at the lowest 
reading level or to items at higher reading levels within the overall pool of 
items, depending on the student’s performance during the testing session. In 
general, when an item is answered correctly, the student is then given a more 
difficult item. When an item is answered incorrectly, the student is then given 
an easier item. Item difficulty here is defined by results of the Star Reading US 
item calibration study.

Students who have not taken a Star Reading test within six months initially 
receive an item whose difficulty level is relatively easy for students at that 
Year. The selection of an item that is a bit easier than average minimises 
any effects of initial anxiety that students may have when starting the test 
and serves to better facilitate the student’s initial reactions to the test. These 
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starting points vary by Year and were based on research conducted as part of 
the US national item calibration study.

When a student has taken a Star Reading test within the last six months, the 
difficulty of the first item depends on that student’s previous Star Reading 
test score information. After the administration of the initial item and after the 
student has entered an answer, Star Reading software estimates the student’s 
reading ability. The software then selects the next item randomly from among 
all of the items available that closely match the student’s estimated reading 
ability.

Randomisation of items with difficulty values near the student’s adjusted 
reading ability allows the program to avoid overexposure of test items. 
All items are dynamically selected from an item bank consisting of all the 
retained vocabulary-in-context items. Items that have been administered 
to the same student within the past six-month time period are not available 
for administration. The large number of items available in the item pools, 
however, ensures that this minor constraint has negligible impact on the 
quality of each Star Reading computer-adaptive test.

Scoring in the Star Reading Tests
Following the administration of each Star Reading item, and after the student 
has selected an answer, an updated estimate of the student’s reading ability 
is computed based on the student’s responses to all items that have been 
administered up to that point. A proprietary Bayesian-modal Item Response 
Theory (IRT) estimation method is used for scoring until the student has 
answered at least one item correctly and one item incorrectly. Once the 
student has met the 1-correct/1-incorrect criterion, Star Reading software 
uses a proprietary Maximum-Likelihood IRT estimation procedure to avoid any 
potential of bias in the Scaled Scores.

This approach to scoring enables Star Reading to provide Scaled Scores that 
are statistically consistent and efficient. Accompanying each Scaled Score 
is an associated measure of the degree of uncertainty, called the standard 
error of measurement (SEM). Unlike in a conventional paper-and-pencil test, 
the SEM values for the Star Reading test are unique for each student. SEM 
values are dependent on the particular items the student received and on their 
performance on those items.

Scaled Scores are expressed on a common scale that spans all UK Years 
covered by Star Reading (Years 1–13). Because of this common scale, Scaled 
Scores are directly comparable with each other, regardless of Year.
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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 percent 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 percent of the variation among students’ scores is 
attributable to the attribute being measured and 10 percent 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 single 
administration 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 adaptive test such as Star Reading, content varies from one 
administration to another, and it also varies with each student’s performance.
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Another feature of computerised adaptive tests based on Item Response 
Theory (IRT) is that the degree of measurement error can be expressed for 
each student’s test individually.

The Star Reading tests provide 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 Reading, 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 Reading 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

where σ2
error is the variance of the errors of measurement and σ2

total is the 
variance of test scores. In Star Reading, 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.
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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 Reading 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 a stratified random sample of Star Reading from the 
United Kingdom (UK) for the 2017–2018 school year resulted in the generic 
reliability estimates (ρxx) shown in Table 12. The overall generic reliability 
on the Classic scale was 0.96. Coefficients ranged from a low of 0.93 for 
Years 5 through 7 to a high of 0.97 for Year 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 
Reading computerised adaptive test.

Table 12: Reliability Estimates for the 2017–2018 Star Reading UK Data on the 
Classic Scale

Year

Reliability Estimates: For Classic Scale

Generic Split-Half Alternate Forms

N ρxx N ρxx N ρxx

Average Days 
between Testing

1 40,000 0.94 15,000 0.97 10,000 0.87 74

2 150,000 0.94 75,000 0.94 40,000 0.85 76

3 400,000 0.94 100,000 0.94 95,000 0.84 77

4 400,000 0.94 100,000 0.94 95,000 0.86 80

5 400,000 0.93 100,000 0.93 95,000 0.86 84

6 400,000 0.93 100,000 0.93 95,000 0.86 85

7 400,000 0.93 100,000 0.93 210,000 0.85 113

8 400,000 0.94 100,000 0.93 210,000 0.86 114

9 250,000 0.94 75,000 0.94 95,000 0.86 116

10 50,000 0.95 20,000 0.94 15,000 0.87 125

11 12,500 0.96 5,000 0.95 3,500 0.87 96

12 1,500 0.96 1,000 0.97 550 0.90 111

13 1,000 0.97 1,000 0.97 400 0.89 81

Overall 2,905,000 0.96 792,000 0.96 964,450 0.90 99
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As the data in Table 12 shows, Star Reading generic reliability is high, Year 
by Year and overall on the Classic scale. Star Reading’s 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 Reading 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 34 items on the Star Reading 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 
34 items, yielding the split-half reliability estimates displayed in Table 12.

Results indicated that the overall split-half reliability on the Classic scale was 
0.96. The split-half reliability coefficients ranged from a low of 0.93 in Years 
5 through 8 to a high of 0.97 in Years 1, 12 and 13. 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 
Reading 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 Reading 
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 Reading 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 Reading test were then 
calculated using Star Reading Classic scaled scores. Checks were made for 
valid test data on both test administrations and to remove cases of apparent 
motivational discrepancies.

Table 12 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 74–125 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 0.84 in Year 3 to a high of 0.90 in Year 12.

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 Reading administration. In other words, the actual Star Reading 
reliability is likely higher than the alternate forms reliability estimates indicate.

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 
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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 percent of the time and within 36 points (twice the SEM) 
roughly 95 percent 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 Reading tests differ from traditional tests in at least two respects 
with regard to the standard error of measurement. First, Star Reading 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 Reading 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 Reading 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 13 contains two different sets of estimates of Star Reading 
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 13 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:

where, ρxx is the estimated generic reliability and σx is the standard deviation of 
the observed scores (in this case, Scaled Scores).

Table 13 summarises the distribution of CSEM values for the 2017–2018 Star 
Reading UK data, overall and by Year. The overall average CSEM on the Classic 

SEM =   1 – ρxx σx 
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scale was 53 across all Years, while the average CSEM for individual Years 
ranged from 27 scale score units in Year 1 to 68 scale score units in Year 9. 

Table 13 also shows the estimates of the global SEM. The global SEM 
estimates on the Classic scale tended to be higher than the corresponding 
CSEM estimates. The overall average global SEM on the Classic scale was 57, 
while the global estimates for individual Years ranged from 28 to 77.

Table 13: Standard Error of Measurement for the 2017–2018 Star Reading UK 
Data on the Classic Scale

Grade

Standard Error of Measurement: For Classic Scale

Conditional Global

N Average
Standard 
Deviation N SEM

1 40,000 27 25.4 40,000 28

2 150,000 30 14.1 150,000 32

3 400,000 36 13.9 400,000 37

4 400,000 43 17.5 400,000 46

5 400,000 51 21.1 400,000 55

6 400,000 60 24.4 400,000 64

7 400,000 62 24.3 400,000 69

8 400,000 67 25.2 400,000 73

9 250,000 68 25.9 250,000 75

10 50,000 67 26.9 50,000 75

11 12,500 64 28.0 12,500 77

12 1,500 59 28.8 1,500 67

13 1,000 50 27.0 1,000 67

All 2,905,000 53 25.2 2,905,000 57

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 scaled 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 a somewhat different graph than this typical picture, 
which is a function of the fact that Classic scaled scores were not created 
from linearly transforming IRT ability estimates. Instead, Classic scale scores 
were created by using an equipercentile linking method to place IRT ability 
estimates on the original scale developed for Star Reading that utilised a non-
IRT based method. The graph in Figure 2 shows that the average CSEMs were 
very close to 0 for some scores towards the extremes of the score scale. The 
graph also shows that the average CSEM appeared to be about 30 at a scale 
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score of 200 and continually increased up to a scaled score slightly above 
1000 and then decreased after that. This suggests that one can observe 
somewhat different average CSEMs depending on the student’s score with the 
use of the Classic scale.

Figure 2: Average CSEM as a Function of Scale Score for the 2017–2018 Star 
Reading UK Data on the Classic Scale
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Test validity has been long 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 consists of the collection of 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 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 content validity, which is the relevance of the test questions 
to the attributes or dimensions intended to be measured by the test—namely 
reading comprehension, reading vocabulary and related reading skills, in the 
case of the Star Reading assessments. The content of the item bank and 
the content balancing specifications that govern the administration of each 
test together form the foundation for “content validity” for the Star Reading 
assessments. These content topics were discussed in detail in “Content and 
Item Development” and were an integral part of the test items that are the 
basis of Star Reading today.

Construct Validity
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 internal and external to the test instrument itself. 
For example, Star Reading claims to provide an estimate of a child’s reading 
comprehension and achievement level. Therefore, demonstration of Star 
Reading’s 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 Reading as an assessment of reading comprehension and reading skills. 
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Internal Evidence

Evaluation of Unidimensionality of Star Reading
Star Reading is a 34-item computerised-adaptive assessment that measures 
reading comprehension. Its items are selected adaptively for each student 
from a very large bank of reading test items, each of which is aligned to one of 
four blueprint domains:

	X Comprehension of vocabulary-in-context,

	X Comprehension of literary, fiction or narrative text,

	X Comprehension of informational, non-fiction or non-narrative text and

	X Word reading

Star Reading 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 reading comprehension in the 
case of Star Reading. To evaluate whether Star Reading 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 1 to 13.

To begin, a large sample of Star Reading data from the United Kingdom (UK) 
was assembled. The overall sample consisted of 4,085,570 students who 
took the Star Reading test in the 2017–2018 school Year in the UK. From that 
sample, stratified random samples by Year were taken to yield a sample of 
students for analysis. For Year 1 the sample consisted of 15,000 students, for 
Year 2 the sample consisted of 75,000 students, for Years 3 to 8 the samples 
consisted of 100,000 students per Year, for Year 9 the sample consisted of 
75,000 students, for Year 10 the sample consisted of 20,000 students, for 
Year 11 the sample consisted of 5,000 and for Years 12 and 13 the samples 
consisted of 1,000 students per Year. This meant that the full stratified 
random sample consisted of 792,000 students. These data were the focus of 
the exploratory and confirmatory factor analyses. 

Prior to performing the factor analyses, each student’s 34 Star Reading 
item responses were divided into subsets of items aligned to each of the 4 
blueprint domains. Tests administered in Years 1–6 included items from all 
four domains. Tests given in Years 7–13 included items from just 3 domains; 
no items measuring word reading were administered in these Years.
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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 
4 to 16, following the Star Reading test blueprints, which specify different 
numbers of items per domain, depending on the student’s Year.

Intercorrelations of the blueprint domain-specific Rasch subtest scores were 
analysed using exploratory factor analysis (EFA) to evaluate the number of 
dimensions/factors underlying Star Reading. 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 
4, Figure 5 and Figure 6 show the scree plots and variance explained per 
factor for the combined analyses of Years 1 through 2, Years 3 through 
6, Years 7 through 13 and for all Years 1 through 13, respectively. For the 
analyses for all Years 1 through 13, the analysed correlations were based 
on pairwise complete observations such that correlations involving the 
word reading domain were only based on data from Years 1 through 6, and 
correlations not involving the word reading domain were based on data from 
Years 1 through 13. 

Figure 3: Scree Plot and Variance Explained by Factor Plot from the Years 1 to 
2 Exploratory Factor Analysis in Star Reading UK
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Figure 4: Scree Plot and Variance Explained by Factor Plot from the Years 3 to 
6 Exploratory Factor Analysis in Star Reading UK

Figure 5: Scree Plot and Variance Explained by Factor Plot from the Years 7 to 
13 Exploratory Factor Analysis in Star Reading UK
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Figure 6: Scree Plot and Variance Explained by Factor Plot from the Years 1 to 
13 Exploratory Factor Analysis in Star Reading UK

Subsequent to the EFA, confirmatory factor analyses (CFA) were also 
conducted using the blueprint domain-specific Rasch subtest scores. A 
combined analysis was conducted with the data from Years 1 through 
13 using full information maximum likelihood since running the models 
separately by Year for Years 7 through 13 would yield just-identified models 
because there were only three domains in these Years. The CFA tested a 
single underlying model as shown in Figure 7.

Figure 7: Confirmatory Factor Analyses (CFA) in Star Reading UK
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The results of the CFA are summarised in Table 14 below. As the table 
indicates, the sample size for the combined analyses was 792,000; because 
the chi-square (χ2) test is not a reliable test of model fit when sample sizes 
are large, fit indices are presented. 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. Cutoffs for the indices are presented in Hu 
and Bentler (1999). The RMSEA was above 0.08, suggesting the possibility of 
more than a single construct/dimension, while the SRMR was well below 0.08, 
suggesting a single construct/dimension. Given that most of the CFA indices 
and the EFA analyses suggested a single construct/dimension, it appears that 
the application of unidimensional models is appropriate for these tests.

Table 14: Summary of the Goodness-of-Fit of the CFA Models for Star Reading 
UK by Year

Year N Χ2 df CFI TLI RMSEA SRMR

Years 1 to 13 792,000 17652.57 2 0.99 0.98 0.11 0.01

The EFA were conducted using the factanal function in R 3.5.1 (R Core Team, 
2018), while the CFA were conducted using the lavaan package (Rosseel, 
2012) in R.

Types of External Evidence
In an ongoing effort to gather evidence for the validity of Star Reading 
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 Reading tests 
and other external measures in the UK. Many studies examining relationships 
between Star Reading 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 relevant 
validity evidence collected in the US. 

For Star Reading, concurrent validity is based on the intercorrelations of 
scores on Star Reading and another external measure that also assesses 
reading achievement within a 1-month time period. Two concurrent validity 
studies using Star Reading have been performed in the UK. 
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Predictive validity provides estimates of the extent to which scores on the Star 
Reading test predict scores on an external measure of reading 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 Reading in the UK. 

Discriminant validity estimates are based on correlations between Star 
Reading and another external measure that assesses a content area other 
than reading achievement (e.g., correlations with a math 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 Reading in the UK. 

External Evidence

Relationship of Star Reading Scores to Other Reading Achievement Tests 
in the UK

As of 2019, two studies have looked at the relationship between Star Reading 
scores and other reading 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 Reading in the UK. This 
study looked at the relationship between Star Reading, the Suffolk Reading 
Test (nferNelson, 2002) and teacher-created assessments in 44 schools in 
the UK. The second study looked at the relationship between Star Reading 
and the Key Stage 2 Reading as well as the Key Stage 2 Spelling, Punctuation 
and Grammar Tests. This study focused on Year 6 and used data from 532 
schools in the 2015–2016 school year. Table 15 and Table 16 provide a 
summary of the correlations collected from these two studies by Year.
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Table 15: Correlations Between Star Reading and Other Reading Achievement Measures in the UK, for Years 
1 through 6

Test Name Date Score

1 2 3 4 5 6

n r n r n r n r n r n r

Suffolk Reading Scale

Suffolk 
Reading Scale

2006 Total Score – – 271 0.85 262 0.89 389 0.86 383 0.85 331 0.85

Suffolk 
Reading Scale

2006 Standardised 
Score

– – 271 0.79 262 0.82 389 0.85 383 0.86 331 0.85

Suffolk 
Reading Scale

2006 Reading Age – – 271 0.89 262 0.83 389 0.88 383 0.89 331 0.88

Key Stage 2 Reading

Key Stage 2 2015–2016 Raw Score – – – – – – – – – – 12,104 0.78

Key Stage 2 2015–2016 Scaled Score – – – – – – – – – – 12,104 0.77

Key Stage 2 Spelling, Punctuation and Grammar

Key Stage 2 2015–2016 Raw Score – – – – – – – – – – 12,212 0.69

Key Stage 2 2015–2016 Scaled Score – – – – – – – – – – 12,212 0.71

Table 16: Correlations Between Star Reading and Other Reading Achievement Measures in the UK, for Years 
7 through 13

Test Name Date Score

7 8 9 10 11 12 13

n r n r n r n r n r n r n r

Suffolk Reading Scale

Suffolk Reading 
Scale

2006 Total Score 271 0.75 312 0.74 206 0.77 – – – – – – – –

Suffolk Reading 
Scale

2006 Standardised 
Score

271 0.76 312 0.77 206 0.77 – – – – – – – –

Suffolk Reading 
Scale

2006 Reading Age 271 0.77 312 0.77 206 0.77 – – – – – – – –

Key Stage 2 Reading

Key Stage 2 2015–2016 Raw Score – – – – – – – – – – – – – –

Key Stage 2 2015–2016 Scaled Score – – – – – – – – – – – – – –

Key Stage 2 Spelling, Punctuation and Grammar

Key Stage 2 2015–2016 Raw Score – – – – – – – – – – – – – –

Key Stage 2 2015–2016 Scaled Score – – – – – – – – – – – – – –

The results in the table show that the relationship between Star Reading and 
these other tests is quite high. Concurrent validity estimates with the Suffolk 
reading scale ranged from 0.74 to 0.89 with a median of 0.85 for the total 
scores, from 0.76 to 0.86 with a median of 0.81 for the standardised scores 
and from 0.77 to 0.89 with a median of 0.85 for the reading age scores. In 
the same study, the authors reported overall correlations of 0.83 across 
Years between Star Reading and teacher-created reading assessments 
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that were aligned with the national curriculum. Overall correlation of Star 
Reading with reading age was 0.91 and overall correlation of Star Reading 
with standardised scores was also 0.91. Concurrent validity estimates for 
the Key Stage 2 Reading tests were similarly high with correlations of 0.78 
for the raw scores and 0.77 for the scaled scores, while the correlations with 
the Key Stage 2 Spelling, Punctuation and Grammar tests were still high, but 
a little lower, at 0.69 for the raw scores and 0.71 for the scaled scores. These 
coefficients provide strong evidence of the external relationship between the 
Star Reading assessments and these other reading assessments in the UK.

Relationship of Star Reading Scores to Other Reading Achievement Tests in the US
Outside of the UK-specific studies, numerous other studies have been 
performed to support the use of Star Reading in other contexts. Much of this 
evidence is in the context of using Star Reading for various purposes in the 
US and can be found in the US version of the Star Assessments™ for Reading 
Technical Manual (2018). Here we summarise the concurrent validity estimates 
reported in that technical manual, as they help document the strong 
relationship of Star Reading to other reading achievement measures.

In the US version of the Star Assessments™ for Reading Technical Manual 
(2018), there are 789 reported correlations. These correlations came from 
correlating Star Reading 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 17. 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 percent confidence interval for the expected concurrent validity 
coefficient. The overall concurrent validity of Star Reading based on the 789 
correlations was 0.79 with a standard error of 0.001. This concurrent validity 
estimate was very similar to the correlations found between Star Reading 
and the UK-specific assessments. The probability of observing the 789 
correlations reported in the Star Assessments™ for Reading 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 Reading 
as a measure of reading skills. 
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Table 17: Results of the Meta-Analysis of Star Reading Correlations with Other Tests in the US

Grade

Effect Size 95% Confidence Level

Total 
Correlations Total N

Validity 
Estimate Standard Error Lower Limit Upper Limit

1 0.70 0.00 0.69 0.70 18 78,022

2 0.78 0.00 0.78 0.78 32 196,114

3 0.79 0.00 0.79 0.79 131 628,336

4 0.79 0.00 0.79 0.79 125 594,712

5 0.79 0.00 0.79 0.79 123 518,411

6 0.79 0.00 0.79 0.79 106 330,475

7 0.79 0.00 0.79 0.79 98 276,218

8 0.79 0.00 0.79 0.79 98 225,704

9 0.78 0.01 0.78 0.79 19 27,952

10 0.82 0.01 0.81 0.82 21 34,913

11 0.74 0.01 0.73 0.74 15 32,798

12 0.86 0.02 0.85 0.87 3 3,146

All Grades 0.79 0.00 0.79 0.79 789 2,946,801

Classification Accuracy of Star Reading for Predicting Whether Students Meet 
Expected Standards on Key Stage 2

As part of examining the relationship between Star Reading and the Key Stage 
2 Reading and Spelling, Punctuation and Grammar tests, Star Reading test 
scores were statistically linked to these two tests using an equipercentile 
linking method. The linked values have been employed to use Star Reading to 
predict whether a student meets the expected standard on these tests. Table 
18 presents classification accuracy statistics for Year 6 based on the linking 
performed using the 2015–2016 school year data.

Table 18: Classification Diagnostics for Predicting Where Students Meet 
Expected Standard on the Key Stage 2 Assessments from Earlier Star 
Reading UK scores

Measure

Key Stage 2

Reading Test
Spelling, Punctuation  

and Grammar Test

Overall classification accuracy 79% 82%

Sensitivity 84% 87%

Specificity 70% 69%

Proficiency status projection error 0% 0%

Area under the ROC curve (AUC) 0.87 0.87
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As the table shows, classification accuracy was 79% for the Key Stage 2 
Reading Test and was 82% for the Key Stage 2 Spelling, Punctuation and 
Grammar Test. The Area Under the Curve (AUC) was 0.87 for both tests. 
Sensitivity was higher than the specificity, which indicates greater accuracy 
for identifying students who meet the standard compared to students who did 
not meet the standard. The projected proficiency rates were identical to the 
observed proficiency rates for both tests. These data provide solid evidence of 
the validity of the Star Reading tests for identifying whether students meet the 
standard on these two Key Stage 2 assessments. 

Classification Accuracy of Star Reading for Predicting Proficiency on Tests 
in the US

Several studies on Star Reading’s ability to predict whether students meet 
proficiency standards on other reading tests have also been performed in 
the US. One study looked at Star Reading’s ability to predict performance on 
a multi-state test called PARCC, and another study looked at Star Reading’s 
ability to predict performance on seven summative state tests. These 
studies are described in detail in the US version of the Star Assessments™ for 
Reading Technical Manual (2018). We report these results here as they further 
document Star Reading’s ability to predict results on other tests, and they 
provide additional context to the Key Stage 2 results discussed above. 

Table 19 provides a summary of some of the key results from these studies. 
In the table, some of the results are presented as ranges because the tests 
covered multiple US grades (grades 3 to 8 in the case of PARCC and grades 
2 to 11 in the case of the seven state summative tests), and in some cases 
there were some observed differences across grades. One can see that the 
overall classification accuracy from using Star Reading to predict proficiency 
for PARCC ranged from 83% to 87%, while the overall classification accuracy 
for the seven state tests was 76%. For the PARCC tests, sensitivity was lower 
than specificity, with sensitivity at 64% to 73%, compared to 89% to 91% for 
specificity. These differences reflect the fact that Star Reading was better able 
to predict which students were not proficient on these tests. For the seven 
state tests, sensitivity and specificity were equal, with both values at 76%. 
The overall proficiency status projection error for the PARCC tests ranged 
from –5% to 0%, suggesting that the proficiency status in some cases was 
underpredicted. The proficiency status projection error was not reported for 
the study of the seven states. The AUC for the PARCC tests was 0.90 to 0.93, 
while for the seven state tests the AUC was 0.82 to 0.86. 

As a whole, the classification accuracy results from these studies show Star 
Reading’s ability to predict proficiency on these tests was strong. In addition, 
the results from these studies also suggest that Star Reading’s ability to 
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predict whether students meet expected standards on tests in the UK is in 
line with Star Reading’s ability to predict proficiency on tests in the US. These 
data provide further evidence to support the use of Star Reading to predict 
performance levels on other tests. 

Table 19: Classification Accuracy of Star Reading for Predicting Proficiency on 
US Tests

Measure PARCC Seven State Tests

Overall classification accuracy 83% to 87% 76%

Sensitivity 64% to 73% 76%

Specificity 89% to 91% 76%

Proficiency status projection error –5% to 0% –

Area under the ROC curve (AUC) 0.90 to 0.93 0.82 to 0.86

Relationship of Star Reading to Maths Achievement Tests in the UK
As of 2019, two studies have examined the relationship of Star Reading with 
other achievement tests measuring maths content, evidence of discriminant 
validity in the UK. Both studies examined the relationship between Star 
Reading and Star Maths. 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 
20 and Table 21 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 Reading with these maths achievement tests was often slightly lower 
than the concurrent validity estimates between Star Reading and other 
reading achievement measures in the UK. These coefficients provide some 
evidence of expected external relationships between Star Reading and these 
other maths tests in the UK. 

Table 20: Correlations Between Star Reading and Maths Achievement Measures in the UK, Years 1–6

Test Name Date Score

1 2 3 4 5 6

n r n r n r n r n r n r

Star Maths 2006 Scaled 
Score

– – 317 0.65 351 0.68 528 0.68 393 0.63 412 0.65

Star Maths 2017–
2018

Scaled 
Score

2,365 0.58 18,035 0.65 34,149 0.68 39,845 0.67 41,102 0.66 25,711 0.64
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Table 21: Correlations Between Star Reading and Math Achievement Measures in the UK, Years 7–13

Test Name Date Score

7 8 9 10 11 12 13

n r n r n r n r n r n r n r

Star Maths 2006 Scaled 
Score

721 0.58 331 0.48 228 0.46 – – – – – – – –

Star Maths 2017–
2018

Scaled 
Score

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

Summary of Star Reading Validity Evidence
The validity data presented in this technical manual include evidence of Star 
Reading’s 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 Reading technical manual because comparatively fewer 
studies on the use of Star Reading in the UK have been performed, the data 
provided was quite positive. 

The information presented in the “Content and Item Development” 
chapter supports the content validity of Star Reading. Exploratory and 
confirmatory factor analyses provided evidence that Star Reading 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 Reading in the UK show that 
Star Reading exhibits appropriately high correlations with other measures of 
Reading 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 Reading and Key Stage 2 Spelling, Punctuation and Grammar tests. 
The concurrent validity estimates observed for UK-specific studies were also 
largely consistent with concurrent validity estimates found when Star Reading 
has been correlated with other measures of reading achievement in the US. 
Studies of Star Reading’s classification accuracy in the US were also in line 
with results reported in the UK. In addition, discriminant validity estimates 
indicated that the relationship between Star Reading and other reading 
achievement measures is generally stronger than the relationship between 
Star Reading and maths achievement measures. Taken together, these data 
provide support for the claim that Star Reading is a good measure of reading 
comprehension and reading skills in the UK. 
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Background
The 2019 national standardisation and norming for Star Reading in the United 
Kingdom was conducted by the National Foundation for Educational Research 
(NFER).

This chapter describes the development of the Star Reading norms for the 
United Kingdom as a whole and also by country (Northern Ireland, Scotland, 
Wales and England) based on Star assessment test scores from United 
Kingdom students obtained between September 2014 and September 2018.

Sampling and Norming for Star Reading Tests— 
UK-Wide Norms
Data Preparation

The initial data set included 12,885,081 cases from around the world. A total of 
12,400,368 cases from Great Britain were selected. The tests reported in the 
data were taken during the academic years 2014/15 to 2017/18.

Table 22: Number and Percentage of Cases by Nation in Original Dataset

Nation No. Cases %

England 11,148,188 90%

Northern Ireland 665,382 5%

Scotland 360,771 3%

Wales 226,027 2%

Total 12,400,368

Independent and mainstream schools were retained in the norming data, while 
alternative provision, special and unknown schools were dropped (123,757 
cases were dropped in total). 

In order to account for age differences as well as differences related to the 
length of schooling, the norming sample was split by year group and term, and 
norming was carried out individually for each year group and term. In order to 
correctly allocate each case, the following steps were taken:

	X Based on the reported age at the time of the test, each case was cross-
checked against the reported year groups.
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	X Students whose age was outside the normal range for their corresponding 
year group were dropped; this was carried out accounting for the different 
age ranges for the different school systems within the UK (78,898 cases 
were dropped in total).

	X Each case was allocated to a year group comparable across the four 
nations (as displayed in Table 23). 

Table 23: Correspondence between Year Groups across Nations

New Year Created 
for Norms England/Wales Scotland Northern Ireland

N/A Reception Primary 1 Year 1

Year 1 Year 1 Primary 2 Year 2

Year 2 Year 2 Primary 3 Year 3

Year 3 Year 3 Primary 4 Year 4

Year 4 Year 4 Primary 5 Year 5

Year 5 Year 5 Primary 6 Year 6

Year 6 Year 6 Primary 7 Year 7

Year 7 Year 7 Secondary 1 Year 8

Year 8 Year 8 Secondary 2 Year 9

Year 9 Year 9 Secondary 3 Year 10

Year 10 Year 10 Secondary 4 Year 11

Year 11 Year 11 Secondary 5 Year 12

Year 12 Year 12 Secondary 6 Year 13

Year 13 Year 13  Year 14

Table 23 shows the correspondence between year groups for the different 
school systems. English Year 1 is comparable to Scottish Primary 2 in terms 
of age and length of schooling. An English child has his 6th birthday during 
Year 1, between the 1st of September (term start date) and the 31st of August. 
This means that a child may be between 60 months (the youngest child at 
the beginning of the year) and 83 months old (the oldest child at the end 
of the year) during Year 1. A Scottish child starts Primary 2 (on August 1st) 
anywhere between 65 and 78 months old (children with birthdays between 
1st of March and 28th of February of the following year start in August of that 
year). Therefore, a child may be between 65 and 88 months old during the year. 
Further to these age ranges, it should be noted that it is possible for Scottish 
pupils born after September to defer schooling a year. Due to this, a large 
proportion of Scottish children were older than the previously mentioned age 
ranges. As such, an age range of 36 months was used to select cases. 
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Furthermore, English (Year 1) and Scottish (Primary 2) children will usually be 
in their second year of formal education (Reception being the first for English 
pupils). Considering age and length of schooling, data from Year 1 England and 
Wales was grouped together with cases from Year 2 Scotland and Northern 
Ireland to create the new comparable Year 1. There were not enough cases 
in the original Primary 1 from Scotland and Northern Ireland to carry out a 
standardisation, and therefore the cases were dropped. 

In order to account for gender and maintain a balance between males and 
females in the norming samples, all cases with unreported gender were 
dropped (1,531,301 cases across all year groups and terms).

In order to limit potential effects due to close multiple repetitions of the test, 
only the first attempt by each student in each term was included. This means 
that students can have multiple records only if they are from different terms or 
school years. This resulted in the exclusion of 3,090,746 cases, across all year 
groups and terms.

Finally, the oldest cases from the academic year 2014/15 were removed 
(1,039,876 cases were dropped in total). Considering the large quantity of data 
available, it was preferable to use more up-to-date data to create the norms. 

Table 24 shows the correspondence between calendar months and school 
terms across the four nations. Note that this is an approximation, as the end of 
spring term and beginning of summer term change year on year depending on 
when the Easter holy days fall each year. Additionally, because the Academic 
Year in Scotland starts in August, while it starts in September for the other 
three countries, August is part of the autumn term for Scotland, and part of the 
summer term for the other nations.

Table 24: Correspondence between Calendar Months and Terms

Term Months

Autumn August (Scotland only)

September

October

November

December

Spring January

February

March

April

Summer May

June

July

August (England, Wales and Northern Ireland)
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The resulting distribution of cases by year group and term in the final set of 
records, from which the final norming samples were drawn, is reported in 
Table 25. Please note, the year group refers to the comparable year group as 
displayed in the leftmost column of Table 23, and will be used in all following 
tables in the UK-wide norms. 

Table 25 shows the distribution of cases by year group for the autumn, spring 
and summer terms and the total across all three terms. 

Table 25: Distribution of Cases in Final Dataset by Year Group and Term

Year Group Autumn Term Spring Term
Summer 

Term Total

1 16,123 21,637 26,464 64,224

2 105,256 83,032 78,749 267,037

3 252,651 174,239 151,227 578,117

4 277,098 187,411 158,279 622,788

5 299,037 193,962 159,372 652,371

6 279,819 160,857 126,826 567,502

7 802,073 502,143 431,529 1,735,745

8 617,223 393,556 325,157 1,335,936

9 272,737 164,433 139,946 577,116

10 48,366 27,155 23,899 99,420

11 22,816 7,174 1,450 31,440

12 1,697 318 498 2,513

13 980 406 195 1,581

Total 2,995,876 1,916,323 1,623,591 6,535,790

Table 26 shows the distribution of cases by comparable year group and nation. 

Table 26: Distribution of Cases in Final Dataset by Year Group and Country

Year Group England
Northern 
Ireland Scotland Wales Total

1 52,790 3,153 7,629 652 64,224

2 219,730 24,564 20,365 2,378 267,037

3 486,393 57,809 28,445 5,470 578,117

4 514,871 71,260 30,419 6,238 622,788

5 548,520 67,705 28,810 7,336 652,371

6 467,479 56,022 36,389 7,612 567,502

7 1,613,752 45,725 24,227 52,041 1,735,745

8 1,249,685 31,763 11,327 43,161 1,335,936

9 539,573 13,987 1,085 22,471 577,116
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Table 26: Distribution of Cases in Final Dataset by Year Group and Country

Year Group England
Northern 
Ireland Scotland Wales Total

10 98,543 163 122 592 99,420

11 31,145 80 27 188 31,440

12 2,477 31 4 1 2,513

13 1,581 0 0 0 1,581

Total 5,826,539 372,262 188,849 148,140 6,535,790

Sample Selection and Weighting
The age standardisation was performed separately for each year group and term 
between years 1 and 9. By year 10 and 11, there was little difference between 
termly responses, so one random sample across the three terms was drawn. And 
in years 12 and 13, one random sample was drawn due to low response rates. 
Samples were selected roughly depending on the amount of data available, as 
well as their distribution across the four nations. Sample sizes were determined by 
balancing the need to get a large enough sample, but not sampling more data than 
necessary to improve precision, as well as the desire to select consistent samples 
across terms, and consistent samples with previous norming exercises. Table 27 
shows the target sample for each year group and term. 

Table 27: Target Sample Sizes by Year Group and Term

Year Group Autumn Term Spring Term Summer Term

1 5,000 5,000 5,000

2 8,000 8,000 8,000

3 8,000 8,000 8,000

4 8,000 8,000 8,000

5 8,000 8,000 8,000

6 8,000 8,000 8,000

7 9,000 9,000 9,000

8 9,000 9,000 9,000

9 8,000 8,000 8,000

10 24,000

11 5,000

12 1,000

13 1,000
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The cases were selected randomly from the dataset described above, based 
on the following stratifiers:

	X nation (where possible)

	X gender

	X ability (Rasch score)

The nation stratification was applied in accordance to the number of cases 
available for each year group and term. Independent national strata were 
included where enough data made this feasible. The strata ensured the same 
proportion of cases in the selected sample as in the data. Specifically:

	X England and Wales were grouped together for the primary year groups, 
with Scotland and Northern Ireland as separate independent strata. Three 
national strata were used in preparing the norms for the primary year 
groups.

	X Four independent strata, one for each nation, were used in preparing the 
norms for years 7 and 8.

	X England and Scotland were grouped together for year 9, with Northern 
Ireland and Wales as separate independent strata. Three national strata 
were used in preparing the norms for year 9.

	X No stratification by nation was performed from year 10 onwards due to 
lack of data from all countries apart from England.

An equal number of males and females were selected across all year groups 
and terms.

Stratification by Rasch score was applied to ensure the range of abilities in each 
sample is representative of the full set of cases for the corresponding year group 
and term. For each year group and term, the following steps were taken:

	X Rasch Score was standardised, based on the actual mean and standard 
deviation for each group.

	X The standardised Rasch Score was rounded to the nearest 0.5 to create 
discrete intervals for the ability distribution.

	X The relative frequency of each interval in the final sample was calculated 
based on a hypothetical standard normal distribution.

	X The actual number of cases to be drawn for each interval was calculated 
based on the relative frequency of each interval and the overall sample size, 
after accounting for the distribution of the other strata.

	X Where the number of observations available in an interval was less than 
the target number required, all available cases were drawn, and each was 
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assigned a weight larger than 1, to reach the precise proportion of cases in 
each interval implied by the normal distribution.

It is important to note that there are significant differences in the age ranges 
covered by each year group and term across the four nations. In particular, 
Scotland is substantially different from the rest of the UK, with its pupils being 
generally older at comparable stages of their education. 

Figure 8 and Figure 9 show the distribution of ages for the year 1 autumn term 
and year 7 autumn term, for England and Scotland separately. These are just two 
examples, but the pattern is consistent across all year groups and terms. While 
there is some overlap, the age range in Scotland is wider, and pupils who can be 
more than two years apart in age might have experienced a comparable length 
of schooling. This has implications for the norming, as the relationship between 
age and scores in the UK-wide sample might not be linear. 

Figure 8: Distribution of Age at Time of Test for England and Scotland, Year 1 
Autumn Term (Proportions for National Sample)

Figure 9: Distribution of Age at Time of Test for England and Scotland, Year 7 
Autumn Term (Proportions for National Sample)
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To allow for the wide age range across the UK, the norms were calculated over 
a 36-month window for each year group and term. Given the large proportion of 
cases from England, the norms are more reliable for the first half of the 36-month 
window, which represent between 70% to 100% of cases in each sample. 

So as to deal with inter-country differences within the UK schooling system, 
further sampling and norming was carried out on the countries individually, 
where sufficient data made this possible. The description of this process is 
detailed below. 

Sample Description
Table 28 shows the final sample sizes for each year group and term. The total 
number of cases used across all samples is 243,439. Of these, 215,618 are 
from England, 4,224 from Wales, 9,057 from Scotland and 14,540 from Northern 
Ireland. Please note, the achieved samples do not exactly concur with the target 
sample sizes. This is due to the number of observations available in an ability 
interval (see ”Sample Selection and Weighting” on page 59) sometimes being 
less than the target number required. In this case, all available cases were drawn, 
and each was assigned a weight larger than 1 to reach the precise proportion of 
cases in each interval implied by the normal distribution. The cases in Table 28 
are the raw unweighted Ns. It is important to note that Scotland and Northern 
Ireland are well-represented up to year 8, but the number of available cases 
drops significantly from year 9 onwards (see Table 26). This implies that norms 
from later year groups are almost entirely based on English cases.

Table 28: Final Sample Sizes by Year Group and Term

Year Group  Autumn Term Spring Term Summer Term

1 4,880 4,960 4,985

2 7,992 8,000 7,995

3 7,990 7,994 7,987

4 7,988 7,987 8,008

5 7,990 8,000 7,998

6 8,003 7,991 7,993

7 9,000 9,003 8,996

8 8,992 8,992 8,987

9 7,990 7,992 7,989

10 23,836

11 4972

12 971

13 978
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Gender

The gender differences in standardised scores shown in Table 29 are very 
small and not statistically significant.

Table 29: Average Standardised Score by Gender

Year Group Female Male

1 100.6 100.3

2 100.2 100.0

3 100.1 99.9

4 100.1 100.0

5 100.1 100.1

6 100.1 100.0

7 100.1 100.0

8 100.0 100.0

9 100.1 100.0

10 99.9 99.9

11 100.0 99.9

12 99.0 98.6

13 98.5 97.6

Regional Distribution

Table 30 shows the regional distribution of the cases in the samples. A large 
proportion of primary tests come from the South and East of England, with 
very few tests from Wales. On the other hand, the proportion of secondary 
tests is more evenly distributed across England, with very few tests from the 
other nations.

Table 30: Distribution of Students in Final Samples by Region (%)

Year Group London
South  

and East Midlands North Wales Scotland
Northern 
Ireland

1 10.3 38.0 11.8 21.1 1.1 12.6 5.2

2 8.6 40.7 13.5 19.9 0.8 7.5 9.1

3 8.3 42.0 15.7 18.5 1.1 4.7 9.7

4 8.5 40.5 15.7 18.6 1.1 4.7 11.0

5 8.4 39.7 17.5 19.2 1.1 4.2 10.0
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Table 30: Distribution of Students in Final Samples by Region (%)

Year Group London
South  

and East Midlands North Wales Scotland
Northern 
Ireland

6 8.5 37.3 18.2 18.7 1.5 6.1 9.6

7 10.1 33.5 20.1 29.4 3.0 1.4 2.6

8 10.4 34.6 20.8 28.0 3.2 0.8 2.3

9 11.3 32.5 20.9 29.1 3.8 0.2 2.3

10 19.8 30.6 25.8 23.0 0.6 0.1 0.2

11 17.6 33.6 24.2 23.6 0.5 0.1 0.4

12 37.3 15.0 40.4 5.8 0.0 0.3 1.2

13 8.7 9.1 28.4 53.8 0.0 0.0 0.0

Overall 10.6 36.6 18.5 22.8 1.7 3.7 6.0

Table 31: National Distribution of Students by Region (%)

 Phase London
South and 

East Midlands North Wales Scotland
Northern 
Ireland

Primary 14.1 30.0 16.4 24.2 4.9 7.0 3.3

Secondary 12.6 32.3 16.4 22.5 4.8 7.6 3.9

Total 13.5 30.9 16.4 23.6 4.8 7.2 3.5

Comparing Table 30 with Table 31, we can see that the overall distribution of 
tests within England is relatively close to the national distribution of pupils. We 
can also see that Scotland and Northern Ireland are well-represented in the 
primary phase, but substantially under-represented in the secondary phase. 
Wales, on the other hand, is substantially under-represented across all year 
groups, apart from years 7 to 9. 

The regional distribution of cases outside England is largely a reflection of the 
sampling strategy. Where enough observations were available, stratification by 
nation ensured a good number of cases outside England. Where stratification 
by nation was not possible, the distribution reflects the dominant proportion of 
tests from English schools. 

School Disadvantage

Table 32 shows the distribution of tests by quintiles of school disadvantage 
levels (as measured by the percentage of pupils on roll that are eligible for 
FSM—Free School Meals) and the national distribution of pupils by the same 
measure. The quintiles reflect the quintile per country (England/Wales/



Star Assessments™ for Reading
Technical Manual 65

Norming
Sampling and Norming for Star Reading Tests—UK-Wide Norms 

Scotland/Northern Ireland). Therefore, schools with the same percentage of 
FSM eligibility may be in different quintiles depending on their country. The UK 
figures are also a summary of the country-specific FSM quintiles. See Table 32 
for more details. 

Proportions of disadvantage vary widely across the different regions and 
countries. However, we can see that apart from Scotland, the cases in 
the sample are more likely to come from schools with higher levels of 
disadvantage. Given the large number of schools in the sample, and their 
widespread geographical distribution, we believe the sample to be sufficiently 
representative of schools in the UK.

In consideration of the fact that we cannot directly identify pupils that are 
eligible for FSM in our sample, and that stratification by Rasch Score ensures 
representative distribution of pupil ability, we do not believe it is necessary to 
apply school-level weights to account for disadvantage.

Table 32: Percentage of Cases by School-Level Quintile of Disadvantage and 
Region

Q1 (Lowest) Q2 Q3 Q4 Q5 (Highest)

Primary Year Groups

London 3.4 8.3 22.8 39.9 25.5

South and East 13.2 22.5 27.4 24.9 12.1

Midlands 9.3 21.3 21.7 26.5 21.1

North 11.5 10.4 16.8 29.2 32.1

Wales 16.1 8.8 9.7 17.1 48.4

Scotland 20.5 30.3 20.4 14.2 14.7

Northern Ireland 15.6 18.6 22.0 21.7 22.1

Total in sample 12.1 18.6 22.9 26.3 20.1

UK distribution 22.2 20.6 20.4 20.0 16.8

Secondary Year Groups

London 1.22 6.17 23.21 43.24 26.15

South and East 11.78 26.93 33.2 19.11 8.98

Midlands 4.18 20.09 20.15 29.46 26.11

North 2.56 16 22.81 33.28 25.35

Wales 8 13.45 19.15 37.94 21.45

Scotland 9.02 38.85 11.48 26.07 14.59

Northern Ireland 18.42 13.85 15.96 25.88 25.88

Total in sample 6.16 19.18 25.35 29.12 20.19
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Percentile Rank

Table 33 shows how standardised scores (mean=100, standard deviation=15) 
are transformed into percentile ranks.

Table 33: Correspondence between Standardised Scores and Percentile Rank

Standardised 
Score Percentile Rank

Standardised 
Score Percentile Rank

Standardised 
Score Percentile Rank

69 1 94 34 119 90

70 2 95 37 120 91

71 3 96 40 121 92

72 3 97 42 122 93

73 4 98 45 123 94

74 4 99 48 124 94

75 5 100 50 125 95

76 6 101 52 126 96

77 6 102 55 127 96

78 7 103 58 128 97

79 8 104 60 129 97

80 9 105 63 130 98

81 11 106 66 131 98

82 12 107 68 132 98

83 13 108 70 133 99

84 14 109 72 134 99

85 16 110 74 135 99

86 18 111 77 136 99

87 20 112 78 137 99

88 22 113 80 138 99

89 24 114 82 139 99+

90 26 115 84 140 99+

91 28 116 86 141 99+

92 30 117 87   

93 32 118 89
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Sampling and Norming for Star Reading Tests— 
Country-Specific Norms 

As mentioned previously, to deal with the differences in the school systems 
within the UK, sampling and norming was also carried out for each school 
system individually. England and Wales were sampled together, and separate 
samples were drawn for Scotland and Northern Ireland respectively.

Data Preparation
The same selection criteria regarding types of schools, gender, multiple 
repetitions of tests and dates of testing were used to select cases eligible 
for sampling. The number of dropped and kept cases due to each selection 
criterion are shown below in Table 34.

As with the UK-wide norms, in order to account for age differences as well as 
differences related to the length of schooling, the sample was split by year 
group and term, and norming was carried out individually for each year group 
and term. However, whereas in the UK-wide norms, a comparable year group 
across countries was created, here the cases were kept in their respective 
country-specific years. The following steps were taken:

	X Based on the reported age at the time of the test, each case was cross-
checked against the reported year groups.

	X Students whose age was outside the normal range for their corresponding 
year group were dropped.

Table 34: Cases Dropped by Selection Criteria

Selection Criteria Cases Removed Cases Remaining

Great Britain 12,885,081

School types 123,757 12,276,611

Age ranges 76,863 12,199,748

Gender 1,531,646 10,668,102

Multiple responses 3,091,052 7,577,050

Recent data 1,040,108 6,536,942

Final distribution of cases by term and country are shown in Table 35 and 
Table 36. 
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Table 35: Distribution of Cases in Final Dataset by Year Group and Term

Year Group Autumn Term Spring Term Summer Term Total

1 12,324 18,402 23,868 54,594

2 88,984 71,493 72,413 232,890

3 231,153 161,204 144,435 536,792

4 268,315 183,082 155,966 607,363

5 299,986 196,271 161,278 657,535

6 280,606 164,214 126,786 571,606

7 814,321 510,580 433,303 1,758,204

8 630,352 401,094 331,352 1,362,798

9 287,931 171,802 145,401 605,134

10 56,598 30,556 27,053 114,207

11 22,946 7,207 1,465 31,618

12 1,739 346 500 2,585

13 999 416 201 1,616

Total 2,996,254 1,916,667 1,624,021 6,536,942

Table 36: Distribution of Cases in Final Dataset by Year Group and Country

Year
England & 

Wales Scotland
Northern 
Ireland Total

1 53,442 978 174 54,594

2 222,108 7,629 3,153 232,890

3 491,863 20,365 24,564 536,792

4 521,109 28,445 57,809 607,363

5 555,856 30,419 71,260 657,535

6 475,091 28,810 67,705 571,606

7 1,665,793 36,389 56,022 1,758,204

8 1,292,846 24,227 45,725 1,362,798

9 562,044 11,327 31,763 605,134

10 99,135 1,085 13,987 114,207

11 31,333 122 163 31,618

12 2,478 27 80 2,585

13 1,581 4 31 1,616

Total 5,974,679 189,827 372,436 6,536,942
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Sample Selection and Weighting
The age standardisation was performed separately for each country, 
year group and term. Some terms did not have enough data to warrant a 
standardisation. This is reflected in the empty cells in Table 37. The terms for 
which a sample could be drawn and their target sample sizes are displayed in 
Table 37.

Table 37: Target Sample Sizes by Country, Year Group and Term

Year
Group

England and Wales Scotland Northern Ireland

Autumn 
Term

Spring 
Term

Summer 
Term

Autumn 
Term

Spring 
Term

Summer 
Term

Autumn 
Term

Spring 
Term

Summer 
Term

1 5,000 5,000 5,000

2 8,000 8,000 8,000 1,000 1,000 1,000

3 8,000 8,000 8,000 2,000 2,000 2,000 2,000 2,000 2,000

4 8,000 8,000 8,000 2,000 2,000 2,000 4,000 4,000 4,000

5 8,000 8,000 8,000 2,000 2,000 2,000 4,000 4,000 4,000

6 8,000 8,000 8,000 2,000 2,000 2,000 4,000 4,000 4,000

7 9,000 9,000 9,000 2,000 2,000 2,000 4,000 4,000 4,000

8 9,000 9,000 9,000 2,000 2,000 2,000 4,000 4,000 4,000

9 8,000 8,000 8,000 2,000 2,000 2,000

10 8,000 8,000 8,000

11 5,000

12

13

The cases were selected randomly from the dataset described above, based 
on the same stratifiers as the UK-wide norms, minus the country stratifier:

	X gender

	X ability (Rasch score)

As per the UK-wide norms, an equal number of males and females were 
selected across all year groups and terms. Stratification by Rasch Score was 
applied to ensure the range of abilities in each sample is representative of the 
full set of cases for the corresponding country, year group and term. For each 
country, year group and term, the following steps were taken:

	X Rasch Score was standardised, based on the actual mean and standard 
deviation for each group.
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	X The standardised Rasch Score was rounded to the nearest 0.5 to create 
discrete intervals for the ability distribution.

	X The relative frequency of each interval in the final sample was calculated 
based on a hypothetical standard normal distribution.

	X The actual number of cases to be drawn for each interval was calculated 
based on the relative frequency of each interval and the overall sample size, 
after accounting for the distribution of the other strata.

	X Where the number of observations available in an interval was less than 
the target number required, all available cases were drawn, and each was 
assigned a weight larger than 1 to reach the precise proportion of cases in 
each interval implied by the normal distribution.

Sample Description
Table 38 shows the final sample sizes by each year group and country. The 
total number of cases across all samples is 352,296. A standardisation per 
term in England and Wales was planned and carried out for year 11; however, 
the data across the terms reflected an unexpected pattern: negative growth 
was displayed between terms, i.e. students’ scores got worse each term. This 
is probably a result of the year and terms in which the tests were taken as 
student’s approach their GCSE examinations (General Certificate of Secondary 
Education1). As such, a new sample was drawn from all three terms, and 
a standardisation was carried out on this sample so that norms reflected 
the abilities throughout the year and were not skewed by potential lower 
performance prior to taking GCSE exams. 

Table 38: Final Sample Sizes by Year Group and Country

Year Group
England and 

Wales Scotland Northern Ireland

1 14,843

2 23,986 2,959

3 23,997 5,974 5,968

4 23,998 5,987 11,982

5 23,997 5,985 11,994

6 23,996 5,987 11,991

7 26,997 5,975 11,978

1. GCSE exams are the high-stakes end of secondary education exams.
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Table 38: Final Sample Sizes by Year Group and Country

Year Group
England and 

Wales Scotland Northern Ireland

8 26,985 5,973 11,975

9 23,992 5,975

10 23,830

11 4,972

12

13

Total 241,593 38,840 71,863

Gender

As per the UK norms, the gender differences in standardised scores shown in 
Table 39 are very small and not statistically significant.

Table 39: Average Standardised Score by Country and Gender

Year Group

England and Wales Scotland Northern Ireland

 Female Male Female Male Female Male

1 100.5 100.4

2 100.1 100.0 100.4 99.8

3 100.1 100.0 100.1 99.6 100.4 99.8

4 100.1 100.0 100.1 99.9 100.2 99.8

5 100.1 100.0 100.2 99.8 100.2 99.9

6 100.1 100.0 100.3 99.7 100.2 99.9

7 100.1 99.9 100.1 99.9 100.1 99.8

8 100.1 100.0 100.0 99.8 99.9 99.9

9 100.1 100.0 100.1 99.8

10 99.9 99.9

11 100.1 100.0

School Disadvantage

Table 40 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 [FSM]) and the national distribution of pupils by the same 
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measure. The quintiles reflect the quintile per country (England/Wales/
Scotland/Northern Ireland). Therefore, schools with the same percentage of 
FSM eligibility may be in different quintiles depending on their country. The UK 
figures are also a summary of the country-specific FSM quintiles.

As per the UK-wide sample, the cases in the sample are more likely to come 
from schools with higher levels of disadvantage. However, again the Scotland 
sample shows the opposite pattern. In the primary school sample, apart 
from the lowest quartile, the schools are fairly evenly spread. This is less true 
in the secondary sample, with a particularly low representation of the most 
advantaged schools. The pattern of a lower proportion of the most advantaged 
schools is also shown in the UK distribution. This under-representation is likely 
to be a result of the types of schools selected for the samples as well as the 
types of schools who use the test. 

Again, in consideration of the fact that we cannot directly identify pupils that 
are eligible for FSM in our sample, and that stratification by Rasch Score 
ensures representative distribution of pupil ability, we do not believe it is 
necessary to apply school-level weights to account for disadvantage. 

Table 40: Percentage of Cases by School-Level Quintile of Disadvantage and Regiona,b

Q1 (Lowest) Q2 Q3  Q4 Q5 (Highest)

Primary Year Groups

England and Wales 10.9 17.8 22.9 27.9 20.5

Scotland 22.0 32.4 19.4 13.5 12.8

Northern Ireland 15.4 18.0 22.2 22.3 22.2

Total in sample 13.5 19.8 22.3 24.6 19.9

UK distribution 22.2 20.6 20.4 20.0 16.8

Secondary Year Groups

England and Wales 6.0 19.5 25.6 29.4 19.4

Scotland 9.3 40.0 14.2 20.9 15.8

Northern Ireland 17.8 13.7 15.5 25.8 27.3

Total in sample 7.6 19.7 23.8 28.6 20.2

UK distribution 14.6 23.7 24.4 22.7 14.6

a. Independent schools do not provide FSM data and therefore were not included in the calculation of the quintiles. 
b. The quintiles were created using all schools on record for each country respectively. The samples, however, were subject to 

school type selection. Therefore the sample and the UK proportions reflect the proportions of the selected school types only. 
This explains why the UK distribution is not even.
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Filler Norms

Table 40 displays the target sample sizes for the country-specific norms. As 
mentioned previously, some years and terms did not have enough data to 
warrant computing norms. In this instance, the UK-wide norms were used to 
“fill in” the gaps in the overall look-up table. The “appropriate” years were used 
as filler norms. For example, the Scottish year 10 norms were replaced with 
the UK year 9 norms, as this was the UK norm in which a Scottish year 10’s 
data was used. The same was carried out for the missing Northern Ireland 
norms. The English and Wales norms were replaced by the UK norms for the 
same year. 

This has implications for use of the UK-wide and the country-specific norms. 
For example, when using the UK-wide norms for a Scottish or Northern Irish 
year 2 student, then year 1 is the appropriate reference year. Using the country-
specific norms lookup, then year 2 is the appropriate reference year.

Negative Growth 
The above standardisations were designed to take into consideration the age 
effect within a single year and term. Furthermore, samples were selected using 
a normally distributed range of abilities based on the scores of the test takers 
during each year and term. The standardisations were not carried out to link 
between terms and years. As such, when comparing one term’s standardisation 
to the next, there were occasions where a particular scaled score may have 
resulted in a higher standardised score, i.e. negative growth. Particular methods 
were carried out to deal with negative growth. As mentioned previously, in 
some cases the negative growth can be explained by contextual factors that 
caused students to underperform later in the year. In that instance, a single 
standardisation was run. Where the negative growth was limited to a small 
number of score and age combinations, this is an artifact of the analysis design, 
and the previous standardised score equivalent (within the year) was used. This 
had the effect of ensuring each scaled score across terms within a year was at 
a minimum, equivalent to the previous term, and essentially making the score 
comparable to that of the first (or second term’s) sample.

Reference
National Foundation for Educational Research. (2019). Renaissance Learning 

Star Reading Norming Technical Report. London, GB: National Foundation 
for Educational Research.
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This chapter enumerates all of the scores reported by Star Reading, including 
scaled scores, norm-referenced scores and criterion-referenced scores.

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

	X Scaled scores. Star Reading software 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 norm-referenced scores for Star Reading, 
it is necessary to convert all the results of Star Reading tests to scores 
on a common scale. Star Reading does this in two steps. First, maximum 
likelihood is used to estimate each student’s location on the Rasch ability 
scale, based on the difficulty of the items administered and the pattern of 
right and wrong answers. In the case that a student gets all items right 
or wrong, a proprietary Bayesian-modal item response theory estimation 
method is used. Second, the Rasch ability scores are converted to Star 
Reading Scaled Scores, using the conversion table described in “Item and 
Scale Calibration” on page 21. Star Reading Scaled Scores range from 
0–1400.

	X 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. An example of a 
criterion-referenced score on a continuous scale is a percent-correct score, 
which expresses what proportion of test questions the student can answer 
correctly in the content domain. An example of a criterion-referenced 
classification is a proficiency category on a standards-based assessment: 
the student may be said to be “proficient” or not, depending on whether 
the student’s score equals, exceeds or falls below a specific criterion (the 
“standard”) used to define “proficiency” on the standards-based test. The 
criterion-referenced score reported by Star Reading is the Instructional 
Reading Level, which compares a student’s test performance to the 1995 
updated vocabulary lists that are based on the EDL’s Core Vocabulary list. 

	X 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 
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of a group of students at a given time. Norm-Referenced Standardised 
Scores and Reading Ages are the primary norm-referenced scores 
available in Star Reading software.

Reading Age (RA)
The Reading Age (RA) indicates the typical reading age for an individual with a 
given value of the Star Reading Scaled Score. This provides an estimate of the 
chronological age at which students typically obtain that score. The RA score 
is an approximation based on the demonstrated relationship between Star 
Reading and other tests of student reading ability, which were normed in the 
UK. RA scores are transformations of the Star Reading Scaled Score.

The scale is expressed in the following form: YY:MM, where YY indicates the 
reading age in Years and MM the months (see Table 41). For example, an 
individual who has obtained a reading age of 7:10 would be estimated to be 
reading as well as the average individual at 7 Years, 10 months of age. Due to 
the range of items in Star Reading and the intended range of Years appropriate 
for use, a reading age cannot be determined with great accuracy if the reading 
ability of the student is either below 6:00 or above 16:06.

Therefore, students who obtain an RA of 6:00 should be considered to have 
a reading age of 6 Years, 0 months or lower and an RA of 16:06 indicates a 
reading age of 16 Years, 6 months or older.

Table 41: Correspondence of Reading Ages to Scaled Score Ranges

RA SS RA SS RA SS RA SS RA SS RA SS
6:00 0–43 8:00 283–292 10:00 519–528 12:00 756–765 14:00 993–1002 16:00 1230–1239

6:01 44–65 8:01 293–301 10:01 529–538 12:01 766–775 14:01 1003–1012 16:01 1240–1249

6:02 66–74 8:02 302–311 10:02 539–548 12:02 776–785 14:02 1013–1022 16:02 1250–1259

6:03 75–84 8:03 312–321 10:03 549–558 12:03 786–795 14:03 1023–1032 16:03 1260–1269

6:04 85–94 8:04 322–331 10:04 559–568 12:04 796–805 14:04 1033–1042 16:04 1270–1278

6:05 95–104 8:05 332–341 10:05 569–578 12:05 806–815 14:05 1043–1051 16:05 1279–1288

6:06 105–114 8:06 342–351 10:06 579–588 12:06 816–824 14:06 1052–1061 16:06 1289–1400

6:07 115–124 8:07 352–361 10:07 589–597 12:07 825–834 14:07 1062–1071

6:08 125–134 8:08 362–370 10:08 598–607 12:08 835–844 14:08 1072–1081

6:09 135–143 8:09 371–380 10:09 608–617 12:09 845–854 14:09 1082–1091

6:10 144–153 8:10 381–390 10:10 618–627 12:10 855–864 14:10 1092–1101

6:11 154–163 8:11 391–400 10:11 628–637 12:11 865–874 14:11 1102–1111

7:00 164–173 9:00 401–410 11:00 638–647 13:00 875–884 15:00 1112–1120

7:01 174–183 9:01 411–420 11:01 648–657 13:01 885–893 15:01 1121–1130

7:02 184–193 9:02 421–430 11:02 658–667 13:02 894–903 15:02 1131–1140

7:03 194–203 9:03 431–440 11:03 668–676 13:03 904–913 15:03 1141–1150

7:04 204–213 9:04 441–449 11:04 677–686 13:04 914–923 15:04 1151–1160
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Table 41: Correspondence of Reading Ages to Scaled Score Ranges

RA SS RA SS RA SS RA SS RA SS RA SS
7:05 214–222 9:05 450–459 11:05 687–696 13:05 924–933 15:05 1161–1170

7:06 223–232 9:06 460–469 11:06 697–706 13:06 934–943 15:06 1171–1180

7:07 233–242 9:07 470–479 11:07 707–716 13:07 944–953 15:07 1181–1190

7:08 243–252 9:08 480–489 11:08 717–726 13:08 954–963 15:08 1191–1199

7:09 253–262 9:09 490–499 11:09 727–736 13:09 964–972 15:09 1200–1209

7:10 263–272 9:10 500–509 11:10 737–745 13:10 973–982 15:10 1210–1219

7:11 273–282 9:11 510–518 11:11 746–755 13:11 983–992 15:11 1220–1229

Estimated Oral Reading Fluency (Est. ORF)

Estimated Oral Reading Fluency (Est. ORF) is an estimate of a student’s ability 
to read words quickly and accurately in order to comprehend text efficiently. 
Students with oral reading fluency demonstrate accurate decoding, automatic 
word recognition and appropriate use of the rhythmic aspects of language 
(e.g., intonation, phrasing, pitch and emphasis).

Est. ORF is reported as an estimated number of words a student can read 
correctly within a one-minute time span on Year-level-appropriate text. Year-
level text was defined to be connected text in a comprehensible passage 
form that has a readability level within the range of the first half of the school 
year. For instance, an Est. ORF score of 60 for a second-Year student would 
be interpreted as meaning the student is expected to read 60 words correctly 
within one minute on a passage with a reading Year level between 2.0 and 2.5. 
Therefore, when this estimate is compared to an observed score on a specific 
passage which has a fixed level of readability, there might be noticeable 
differences as the Est. ORF provides an estimate across a range of readability 
levels.

The Est. ORF score was computed using the results of a large-scale 
research study investigating the linkage between the Star Reading scores 
and estimates of oral reading fluency on a range of passages with Year-
level-appropriate difficulty. An equipercentile linking was done between Star 
Reading scores and oral reading fluency, providing an estimate of the oral 
reading fluency for each Scaled Score unit in Star Reading for Years 2–5 
independently.

Percentile Rank (PR) and Percentile Rank Range
Percentile Ranks range from 1–99 and express student ability relative to the 
scores of other students of a similar age. For a particular student, this score 



Star Assessments™ for Reading
Technical Manual 77

Score Definitions
Types of Test Scores

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 reading skills 
are greater than 85% of other students of a similar age.

The PR Range reflects the amount of statistical variability in a student’s PR 
score. If the student were to take the Star Reading test many times in a short 
period of time, the score would likely fall in this range.

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 academic peers 
nationwide with a similar achievement history on Star assessments. 
Academic peers are students who 

	X are in the same Year, 

	X had the same scores on the current test and (up to) two prior tests from 
different windows of testing time and

	X 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 
Reading 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. For example, an SGP of 70 
means that the student’s growth from one test window to another exceeds 
the growth of 70% of students nationwide in the same Year with a similar Star 
Reading score history. All students, no matter their starting Star score, have an 
equal chance to demonstrate growth at any of the 99 percentiles.

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 points 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 Reading scale. For 
example, 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 

1. We collect data for our growth norms during three different time periods: autumn, winter and 
spring.
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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, 
Winter or Spring). 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:

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

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

	X Autumn window: The first test taken in the Autumn window is used.

	X Winter window: The test taken closest to January 15 in the Winter 
window is used.

	X Spring window: The last test taken in the Spring window is used.

Lexile® Measures
In cooperation with MetaMetrics®, since August 2014, users of Star Reading 
have had the option of including Lexile® Measures on certain Star Reading 

Most 
Recent 
Test Is 

In...
Type of SGP 
Calculated

Test Windows  
in Prior School Years

Test Windows  
in Current School Year*

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

th
e 
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ea

r Autumn–Spring

Autumn–Winter

Winter–Spring

Spring–Autumn

Spring–Spring

Autumn–Autumn

 a
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r S
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l Y
ea

r 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 must 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)

Test Window
If more than one test was taken in a prior test 

window, which is used to calculate SGP?
Autumn Window First test taken

Winter Window Test closest to Jan 15 (red line)

Spring Window Last test taken
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score reports. Reported Lexile® Measures range from BR400L to 1825L. (The 
“L” suffix identifies the score as a Lexile® Measure. Where it appears, the “BR” 
prefix indicates a score that is below 0 on the Lexile® scale; such scores are 
typical of beginning readers.)

Lexile® Measures of Students and Books: Measures of Student Reading 
Achievement and Text Readability 

The ability to read and comprehend written text is important for academic 
success. Students may, however, benefit most from reading materials that 
match their reading ability/achievement: reading materials that are neither too 
easy nor too hard so as to maximise learning. To facilitate students’ choices of 
appropriate reading materials, measures commonly referred to as readability 
measures are used in conjunction with students’ reading achievement 
measures.

A text readability measure can be defined as a numeric scale, often derived 
analytically, that takes into account text characteristics that influence text 
comprehension or readability. An example of a readability measure is an age-
level estimate of text difficulty. Among text characteristics that can affect text 
comprehension are sentence length and word difficulty.

A person’s reading measure is a numeric score obtained from a reading 
achievement test, usually a standardised test such as Star Reading. A 
person’s reading score quantifies his/her reading achievement level at a 
particular point in time.

Matching a student with text/books that target a student’s interest and 
level of reading achievement is a two-step process: first, a student’s reading 
achievement score is obtained by administering a standardised reading 
achievement test; second, the reading achievement score serves as an entry 
point into the readability measure to determine the difficulty level of text/
books that would best support independent reading for the student. Optimally, 
a readability measure should match students with books that they are able to 
read and comprehend independently without boredom or frustration: books 
that are engaging yet slightly challenging to students based on the students’ 
reading achievement and Year level.

Renaissance Learning’s (RLI) readability measure is known as the Advantage/
TASA Open Standard for Readability (ATOS). The ATOS for Text readability 
formula was developed through extensive research by RLI in conjunction 
with Touchstone Applied Science Associates, Inc. (TASA), now called Questar 
Assessment, Inc. A great many school libraries use ATOS book levels to 
index readability of their books. ATOS book levels, which are derived from 
ATOS for Books measures, express readability as Year levels; for example, 
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an ATOS readability measure of 4.2 means that the book is at a difficulty 
level appropriate for students reading at a level typical of students in Year 5, 
month 2. To match students to books at an appropriate level, the widely used 
Accelerated Reader system uses ATOS measures of readability and students’ 
Scaled Scores (SS) on standardised reading tests such as Star Reading.

Another widely used system for matching readers to books at appropriate 
difficulty levels is The Lexile Framework® for Reading, developed by 
MetaMetrics, Inc. The Lexile® scale is a common scale for both text measure 
(readability or text difficulty) and reader measure (reading achievement 
scores); in the Lexile Framework®, both text difficulty and personal reading 
ability are measured on the same scale. Unlike ATOS for Books, the Lexile 
Framework® expresses a book’s reading difficulty level (and students’ reading 
ability levels) on a continuous scale ranging from below 0 to 1825 or more. 
Because some schools and school libraries use the Lexile Framework® to 
index the reading difficulty levels of their books, there was a need to provide 
users of Star Reading with a student reading ability score compatible with the 
Lexile Framework®.

In 2014, Metametrics, Inc., developed a means to translate Star Reading 
scale scores into equivalent Lexile® Measures of student reading ability. 
To do so, more than 200 MetaMetrics reading test items that had already 
been calibrated on the Lexile® scale were administered in small numbers 
as unscored scale anchor items at the end of Star Reading tests. More than 
250,000 students in US grades 1 through 12 (Years 2 to 13) took up to 6 of 
those items as part of their Star Reading tests in April 2014. MetaMetrics’ 
analysis of the Star Reading and Lexile® anchor item response data yielded 
a means of transforming Star Reading’s underlying Rasch scores into 
equivalent Lexile® scores. That transformation, in turn, was used to develop a 
concordance table listing the Lexile® equivalent of each unique Star Reading 
scale score.

In some cases, a range of text/book reading difficulty in which a student can 
read independently or with minimal guidance is desired. At RLI, we define 
the range of reading difficulty level that is neither too hard nor too easy as 
the Zone of Proximal Development (ZPD). The ZPD range allows, potentially, 
optimal learning to occur because students are engaged and appropriately 
challenged by reading materials that match their reading achievement and 
interest. The ZPD range is simply an approximation of the range of reading 
materials that is likely to benefit the student most. ZPD ranges are not 
absolute, and teachers should also use their objective judgment to help 
students select books that enhance learning.
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Normed Referenced Standardised Score (NRSS)
The Norm Referenced Standardised Score is an age standardised score that 
converts a student’s “raw score” to a standardised score which 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.

Zone of Proximal Development (ZPD)
The Zone of Proximal Development (ZPD) defines the readability range 
from which students should be selecting books in order to ensure sufficient 
comprehension and therefore achieve optimal growth in reading skills without 
experiencing frustration. Star Reading software uses a student’s scale 
score to determine the recommended ZPD range. Specifically, it relates the 
scale score, a measure of reading ability, with the range of most appropriate 
readability levels to use for reading practice.

The Zone of Proximal Development is especially useful for students who 
use Accelerated Reader, which provides readability levels on over 180,000 
trade books. Renaissance Learning developed the ZPD ranges according to 
Vygotskian theory, based on an analysis of Accelerated Reader book reading 
data from 80,000 students in the 1996–1997 school year. More information is 
available in Research Foundation for Reading Renaissance Target Setting (2003), 
which is published by Renaissance Learning.
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Conversion tables used in the score definitions chapter are reproduced below. 
They are here solely as technical reference material. The tables include the 
following:

	X “Table 42: Reading Ages to Scaled Score Ranges” on page 83.

This table lists the Scaled Score range corresponding to Reading Age. 
The Reading Age scale is expressed in the form YY:MM, where YY is the 
reading age in Years and MM the months. For example, an individual with 
an RA of 10:05 would be estimated to be reading at the level of the average 
individual at 10 years, 5 months of age. 

	X “Table 43: Estimated Oral Reading Fluency (Est. ORF) Given in Words 
Correct per Minute (WCPM) by Year for Selected Star Reading Scaled Score 
Units (SR SS)” on page 84.

Research has found a strong correlation between Star Reading scaled 
scores, which measure reading comprehension and measures of 
students’ oral reading fluency, which is often used as a proxy for reading 
comprehension. This table lists oral reading fluency measures, expressed 
as words read aloud correctly per minute from Year-appropriate text, 
corresponding to Star Reading scaled scores, for each of UK Years 2–5. 

	X “Table 44: Scaled Score to Percentile Rank Conversions” on page 84.

This table lists the minimum Scaled Scores corresponding to Percentile 
Ranks 1–99 for the age of the student ranging from 72–216 months. For 
example, if an individual at an age of 156 months received a Scaled Score 
of 655, the corresponding Percentile Rank would be 47.
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Table 42: Reading Ages to Scaled Score Ranges

RA SS RA SS RA SS RA SS RA SS RA SS

6:00 0–43 8:00 283–292 10:00 519–528 12:00 756–765 14:00 993–1002 16:00 1230–1239

6:01 44–65 8:01 293–301 10:01 529–538 12:01 766–775 14:01 1003–1012 16:01 1240–1249

6:02 66–74 8:02 302–311 10:02 539–548 12:02 776–785 14:02 1013–1022 16:02 1250–1259

6:03 75–84 8:03 312–321 10:03 549–558 12:03 786–795 14:03 1023–1032 16:03 1260–1269

6:04 85–94 8:04 322–331 10:04 559–568 12:04 796–805 14:04 1033–1042 16:04 1270–1278

6:05 95–104 8:05 332–341 10:05 569–578 12:05 806–815 14:05 1043–1051 16:05 1279–1288

6:06 105–114 8:06 342–351 10:06 579–588 12:06 816–824 14:06 1052–1061 16:06 1289–1400

6:07 115–124 8:07 352–361 10:07 589–597 12:07 825–834 14:07 1062–1071

6:08 125–134 8:08 362–370 10:08 598–607 12:08 835–844 14:08 1072–1081

6:09 135–143 8:09 371–380 10:09 608–617 12:09 845–854 14:09 1082–1091

6:10 144–153 8:10 381–390 10:10 618–627 12:10 855–864 14:10 1092–1101

6:11 154–163 8:11 391–400 10:11 628–637 12:11 865–874 14:11 1102–1111

7:00 164–173 9:00 401–410 11:00 638–647 13:00 875–884 15:00 1112–1120

7:01 174–183 9:01 411–420 11:01 648–657 13:01 885–893 15:01 1121–1130

7:02 184–193 9:02 421–430 11:02 658–667 13:02 894–903 15:02 1131–1140

7:03 194–203 9:03 431–440 11:03 668–676 13:03 904–913 15:03 1141–1150

7:04 204–213 9:04 441–449 11:04 677–686 13:04 914–923 15:04 1151–1160

7:05 214–222 9:05 450–459 11:05 687–696 13:05 924–933 15:05 1161–1170

7:06 223–232 9:06 460–469 11:06 697–706 13:06 934–943 15:06 1171–1180

7:07 233–242 9:07 470–479 11:07 707–716 13:07 944–953 15:07 1181–1190

7:08 243–252 9:08 480–489 11:08 717–726 13:08 954–963 15:08 1191–1199

7:09 253–262 9:09 490–499 11:09 727–736 13:09 964–972 15:09 1200–1209

7:10 263–272 9:10 500–509 11:10 737–745 13:10 973–982 15:10 1210–1219

7:11 273–282 9:11 510–518 11:11 746–755 13:11 983–992 15:11 1220–1229
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Table 43: Estimated Oral Reading Fluency (Est. ORF) Given in Words Correct per 
Minute (WCPM) by Year for Selected Star Reading Scaled Score Units 
(SR SS)

 
SR SS

Year

2 3 4 5

50 0 4 0 8

100 29 30 32 31

150 41 40 43 41

200 55 52 52 47

250 68 64 60 57

300 82 78 71 69

350 92 92 80 80

400 111 106 97 93

450 142 118 108 104

500 142 132 120 115

550 142 152 133 127

600 142 175 147 137

650 142 175 157 145

700 142 175 167 154

750 142 175 170 168

800 142 175 170 184

850–1400 142 175 170 190

Table 44: Scaled Score to Percentile Rank Conversions

PR

Age (in months)

72 84 96 108 120 132 144 156 168 180 192 204 216

1 - - - 0 0 0 0 0 0 0 0 190 320

2 - - 0 40 70 100 110 110 110 50 50 270 390

3 - - 20 60 100 130 140 150 150 100 90 310 450

4 - 0 50 100 140 180 190 210 210 170 170 370 490

5 - 10 60 110 160 200 210 230 230 190 180 380 510

6 - 30 80 130 180 230 240 270 270 230 230 410 550

7 - 40 90 150 200 240 260 290 290 260 250 430 580

8 - 50 100 160 210 260 280 310 310 280 280 450 610

9 0 60 110 170 230 270 300 320 330 300 300 470 630

10 10 70 120 180 240 290 310 340 350 320 320 500 650

12 20 80 130 190 250 310 330 360 380 340 340 520 680

13 30 90 150 210 270 320 350 380 390 370 360 540 700

14 40 - 160 220 280 340 370 400 420 390 390 550 720
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Table 44: Scaled Score to Percentile Rank Conversions

PR

Age (in months)

72 84 96 108 120 132 144 156 168 180 192 204 216

16 50 100 170 230 290 350 380 420 440 410 410 570 740

17 60 110 180 240 310 370 400 440 460 430 430 590 770

19 - 120 190 250 320 380 420 460 480 460 450 610 790

22 70 130 200 270 340 400 440 480 500 480 480 630 810

24 80 140 210 280 350 420 450 500 520 500 500 650 830

27 - 150 220 290 360 430 470 520 540 520 520 660 860

30 100 160 230 300 380 450 490 540 560 550 540 680 880

32 110 170 240 310 390 460 510 550 580 570 560 700 900

35 120 180 250 330 410 480 520 570 600 590 590 720 920

38 130 190 260 340 420 490 540 590 620 610 610 740 940

41 140 200 270 350 430 510 560 610 640 630 630 760 950

44 150 210 280 360 450 530 570 630 660 660 650 770 970

47 160 220 290 370 460 540 590 650 690 680 680 790 1000

50 - 230 300 390 470 560 610 670 700 700 700 820 1020

53 170 - 310 400 490 570 630 690 730 720 720 830 1050

56 180 240 330 410 500 590 640 710 750 740 740 850 1080

58 190 250 340 420 520 600 660 730 770 770 770 870 1100

61 - 260 350 430 530 620 680 750 790 790 790 890 1120

64 210 270 360 450 540 640 700 760 810 810 810 910 1140

66 220 280 370 460 560 650 710 780 830 830 830 930 1160

68 230 290 380 470 570 670 730 800 850 860 850 950 1180

70 240 300 390 480 580 680 750 820 870 880 870 970 1200

72 250 310 400 490 600 700 770 850 890 900 900 980 1230

74 260 320 410 510 610 710 780 860 910 920 920 1000 1250

76 270 330 420 520 630 730 800 880 930 940 940 1020 1270

78 - 340 430 530 640 750 820 900 950 960 960 1040 1290

80 280 350 440 540 650 760 - 920 970 990 1000 1060 1310

81 290 360 450 550 670 780 850 940 990 1020 1020 1070 1340

83 300 - 460 570 680 790 870 960 1020 1030 1030 1090 1360

84 310 370 470 580 700 810 890 980 1030 1050 1060 1120 1380

86 320 380 480 590 710 820 900 990 1060 1070 1080 1140 1400

87 330 390 490 600 720 850 920 1020 1080 1090 1100 1160 -

88 340 400 500 610 740 860 940 1030 1100 1120 1120 1180 -

89 350 410 510 630 750 870 960 1050 1120 1140 1140 1200 -

90 360 420 530 640 760 890 980 1070 1140 1160 1160 1210 -

91 - 440 550 660 790 920 1020 1110 1180 1210 1200 1250 -
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Table 44: Scaled Score to Percentile Rank Conversions

PR

Age (in months)

72 84 96 108 120 132 144 156 168 180 192 204 216

92 380 450 560 680 810 930 1030 1130 1200 1230 1210 1260 -

93 390 460 570 690 820 950 1050 1150 1220 1250 1250 1280 -

94 - - 590 710 850 980 1080 1190 1260 1300 1290 1320 -

95 420 480 600 720 860 1000 1100 1200 1280 1320 1320 1340 -

96 440 500 620 750 890 1030 1130 1240 1320 1360 1360 1370 -

97 460 520 640 770 920 1060 1170 1280 1370 1400 1400 - -

98 480 540 660 800 940 1090 1200 1320 - - - - -

99 500 560 690 820 970 1120 1240 1360 - - - - -
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