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Creating mathematics and science scale scores: U.S. TIMSS 2007 
 
In TIMSS, scale scores were estimated for each student using an item response theory (IRT) 
model. With IRT the difficulty of each item is deduced using information about how likely it is for 
students to get some items correct versus other items. Once the difficulty of each item is 
determined, the ability of each student can be estimated even when different students have been 
administered different items. At this point in the estimation process achievement scores are 
expressed in a standardized logit scale which ranges from -4 to +4. In order to make the scores 
more meaningful and to facilitate their interpretation, the scores are transformed to a new scale 
with a mean of 500 and a standard deviation of 100. 
 
The procedures TIMSS used for the analyses were developed to produce accurate results for 
groups of students while limiting the testing burden on individual students. Furthermore, these 
procedures provided data that could be readily used in secondary analyses. IRT scaling provides 
estimates of item parameters (e.g., difficulty, discrimination) that define the relationship between 
the item and the underlying variable measured by the test. Parameters of the IRT model are 
estimated for each test question, with an overall scale being established as well as scales for 
each content area and cognitive domain specified in the assessment framework. For example, 
the TIMSS 2007 eighth-grade assessment had four scales describing four mathematics content 
areas and four science content areas, as well as three cognitive domains in each of mathematics 
and science.  
 
Providing for comparability across assessments 
 
In order to allow for the calculation of trends in achievement, comparisons of scores were 
necessary across the four TIMSS assessments conducted in 1995, 1999, 2003 and 2007. IRT 
estimation procedures were used to place scores from the multiple administrations on the same 
scale (the scale of the 1995 administration). This is made possible by the inclusion of common 
test items in successive administrations. This allows comparison of item parameters (such as the 
relative difficulty of items compared with each other and how well individual items predict overall 
scores) across administrations. This comparison of item parameters is used to drop items whose 
item parameters change dramatically across administrations and to equate scales across years. It 
is important to note that the item parameters do not depend directly on the average ability level of 
the students tested, though they may depend on the range of abilities among students tested (for 
example, to determine which of two difficult items is more difficult, it is important to test students 
of sufficient ability to get at least one of the items correct). Therefore, even if the average ability 
levels of students in countries participating in TIMSS over time changes, the scales still can be 
equated across administrations.  
 
In TIMSS, scales are equated across administrations by linking the data from each administration 
to the data from the administration that preceded it, as follows. Data for students in adjacent 
assessments are pooled together and scaled using IRT to determine the difficulty and 
discrimination of each item. This puts the scores from adjacent assessments on the same scale. 
The achievement scores estimated from the new item parameters are then put on the original 
1995 TIMSS metric by a linear transformation. For example, in order to allow an examination of 
trends in eighth-grade achievement between 1995 and 1999, the TIMSS 1999 eighth-grade data 
were placed on the 1995 TIMSS scale by first scaling the 1995 and 1999 data for countries that 
participated in both years together to determine the item parameters. Ability estimates for all 
students (those assessed in 1995 and those assessed in 1999) based on the new item 
parameters were then estimated. In order to put these jointly calibrated 1995 and 1999 scores on 
the 1995 metric, a linear transformation is applied. This transformation is designed to give the 
jointly calibrated 1995 scores the same mean and standard deviation as the original 1995 scores 
that were reported in the 1995 assessment cycle. Once this linear transformation is established it 
is applied to the 1999 assessment scores for all countries participating in 1999. This puts the 
1999 scores on the 1995 (longitudinal) metric while preserving any growth that has occurred 
between assessments.  
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Following this same procedure, TIMSS 2003 scores were jointly calibrated with the 1999 scores 
to place them on the same (1995) metric and, finally, TIMSS 2007 scores were jointly calibrated 
with the 2003 scores to place these on the same (1995) metric. By linking scores for each 
adjacent pair of assessments, all four sets of scores are placed on the same longitudinal scale. 
As a result, even if the makeup of the countries participating in TIMSS changes over time, 
achievement comparisons within and between countries are legitimate at a single point in time 
and across time. Information obtained from the bridge study described below was incorporated 
into this scaling to ensure strict comparability of scores across the four assessments. Details are 
provided in the TIMSS 2007 Technical Report (Olson, Martin, and Mullis 2008). 
 
The 2003-07 Bridge Study.  
 
As the name suggests, TIMSS places a great deal of emphasis on the measurement of trends in 
achievement within and between countries. TIMSS provides for the measurement of these trends 
across the four TIMSS assessment years (1995, 1999, 2003, and 2007) by placing the scores 
from each assessment on the same scale. However, the TIMSS assessment design changed a 
little in 2007, and it was considered prudent to devise a procedure to measure the effect of this 
change, if any, on the comparability of the 2007 assessment scores with those from previous 
years. Given an effect, the intent was to incorporate a correction into the scaling procedures 
which establish the comparability of the 2007 achievement scores with those from 1995, 1999, 
and 2003.  
 
In order to evaluate the effect of the change in assessment design in TIMSS 2007, a bridge study 
was incorporated into the main survey to allow a comparison of the 2007 assessment with the 
2003 assessment. Countries that  participated in TIMSS 2003 were asked to include four 
additional booklets from 2003 in with the 14 booklets for TIMSS 2007 at each grade. As a result, 
sample sizes needed to be increased to ensure that the number of students taking each booklet 
was sufficient for the purposes of scaling. The findings from the bridge study indicated a small 
effect from the change in the assessment design. To accommodate this, a correction was 
introduced into the scaling procedures which placed the 2007 assessment scores on the same 
scale as the scores from the 1995, 1999 and 2003 assessments. A detailed description of the 
bridge study is provided in the TIMSS 2007 Technical Report (Olson, Martin, and Mullis 2008). 
 
Plausible values 
 
To keep student burden to a minimum, TIMSS administered a limited number of assessment 
items to each student—too few to produce accurate content-related scale scores for each 
student. To accommodate this situation, during the scaling process plausible values were 
estimated to characterize students participating in the assessment. Plausible values are imputed 
values and not test scores for individuals in the usual sense. In fact, they are biased estimates of 
the proficiencies of individual students. Plausible values do, however, provide unbiased estimates 
of population characteristics. Plausible values represent what the true performance of an 
individual might have been, had it been observed. They are estimated as random draws (usually 
five) from an empirically derived distribution of score values based on the student’s observed 
responses to assessment items and on background variables. Each random draw from the 
distribution is considered a representative value from the distribution of potential scale scores for 
all students in the sample who have similar characteristics and identical patterns of item 
responses. Differences between the plausible values quantify the degree of precision (the width 
of the spread) in the underlying distribution of possible scale scores that could have caused the 
observed performances. An accessible treatment of the derivation and use of plausible values 
can be found in Beaton and González (1995). A more technical treatment can be found in the 
TIMSS 2007 Technical Report (Olson, Martin, and Mullis 2008). 
 
 
International benchmarks 
 
International benchmarks for achievement were developed in an attempt to provide a concrete 
interpretation of what the scores on the TIMSS mathematics and science achievement scales 
mean (for example, what it means to have a scale score of 513 or 426). To describe student 
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performance at various points along the TIMSS mathematics and science achievement scales, 
TIMSS used scale anchoring to summarize and describe student achievement at four points on 
the mathematics and science scales—Advanced International Benchmark (625), High 
International Benchmark (550), Intermediate International Benchmark (475), and Low 
International Benchmark (400). Scale anchoring involves selecting benchmarks (scale points) on 
the TIMSS achievement scales to be described in terms of student performance and then 
identifying items that students scoring at the anchor points can answer correctly. Subsequently, 
these items are grouped by content area within benchmarks and reviewed by mathematics and 
science experts. These experts focus on the content of each item and describe the kind of 
mathematics or science knowledge demonstrated by students answering the item correctly. The 
experts then provide a summary description of performance at each anchor point leading to a 
content-referenced interpretation of the achievement results. Detailed information on the creation 
of the benchmarks is provided in the international TIMSS reports (Mullis, Martin, and Foy 2008; 
Martin, Mullis, and Foy 2008). 
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Exhibit B-1.  Letter to State Departments of Education 

 
 
April 10, 2006 

 
Name 
Title 
Address 
 
Dear: 
 

I am writing to inform your state education agency about an important international study: the 
Trends in International Mathematics and Science Study (TIMSS) 2007.  TIMSS 2007 is a study designed to 
collect internationally comparable information about the mathematics and science knowledge of fourth- 
and eighth-grade students. Schools and students in 63 countries, including the United States, will 
participate in the study.  TIMSS has become an important component of national efforts to benchmark the 
performance of U.S. students to their peers in other countries. U.S. participation in this study is sponsored 
by the National Center for Education Statistics, U.S. Department of Education, and is being conducted by 
Windwalker Corporation and Westat, two research organizations based in the Washington D.C. area. 

 
I ask your agency to support the participation of districts and schools in your state in TIMSS 2007. 

The main study for TIMSS will occur in the spring of 2007. One or more public schools in your state have 
been randomly sampled to participate in the study. The districts in which they are located are shown in the 
enclosed sample list. In the event that more schools are required as replacements, additional districts in 
your state may be asked to participate. More information about the study can be found in the enclosed 
materials. 

 
In the next few weeks, sampled school districts and schools will be contacted to discuss conducting 

data collection for TIMSS 2007. In the meantime, if you have questions about plans for the study, please 
call the TIMSS Hotline at 1-888-677-1490, or send an email to TIMSS2007@westat.com.  For more 
information about TIMSS, you can contact Dr. Patrick Gonzales at NCES at (415) 920-9229 or visit the 
TIMSS website at http://nces.ed.gov/timss/. 

 
TIMSS 2007 has received the support of the Council of Chief State School Officers, the Education 

Commission of the States, and the National Association of State Boards of Education. 
 
Thank you for your support of TIMSS 2007. 

 
Sincerely, 

 
 
Mark Schneider 
Commissioner 

mailto:TIMSS2007@westat.com�
http://nces.ed.gov/timss�
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Exhibit B-1.  Letter to State Departments of Education—Continued 
 
Enclosures: 
 Sampled School Districts 
 TIMSS Brochure 
 Key Information and Summary of Activities 
 TIMSS Resource Kit (Information Sheet and CD) 
 Publications Summary Sheet 
 
cc: State Assessment Director 

State Mathematics Curriculum Specialist 
State Science Curriculum Specialist 
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Exhibit B-2.  Letter to school districts 

 
April 19, 2006 

 
 

[Title] [Name First] [Name Last] 
[Title/Department] 
[School District] 
[Address 1] 
[Address 2] 
[City], [State] [Zip code] 
 
Dear [Title] [Name Last]: 
 

I am writing to seek your support of an important study being conducted by the 
National Center for Education Statistics (NCES) of the U.S. Department of Education to 
assess the knowledge of students in mathematics and science in 65 countries around the 
world, including the United States.  The Trends in International Mathematics and Science 
Study (TIMSS) 2007 will provide U.S. policymakers and educators valuable information 
on the state of mathematics and science education of fourth- and eighth-graders in the 
U.S. and around the world.  

 
Under contract to NCES, Windwalker Corporation and Westat, Inc. will conduct TIMSS 
in approximately 600 randomly selected schools throughout the country in the spring of 
2007.  The TIMSS data will be collected at the 4th and 8th grade levels. See the enclosed 
materials for more details about the study.   

  
Within your district, the schools on the attached list have been selected to participate in 
TIMSS. With your permission, the TIMSS contractors will contact these schools to 
discuss study details and to invite them to join the study. In order to protect the 
confidentiality of these schools, please do not share this list publicly. 

 
As part of the invitation to participate in TIMSS, schools will be provided with a 
Resource Kit on CD-ROM containing released items, scoring guides, and the curriculum 
framework from the previous rounds of TIMSS.  A CD-ROM for your use at the district 
level is enclosed.  Each participating school also will receive an all-in-one printer, 
scanner, and copier. Students will receive a small gift to thank them for participating. 
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Exhibit B-2.  Letter to school districts—Continued 
 
The following organizations support U.S. participation in TIMSS 2007: 
 
 Council of Chief State School Officers; 
 Education Commission of the States; 
 National Association of State Boards of Education; 
 National Association of Elementary School Principals; 
 National Association of Secondary School Principals; 
 National Council of Teachers of Mathematics; and 
 National Science Teachers Association. 

 
I would appreciate your support of this landmark study. Representatives from 
Windwalker and Westat will contact you shortly to discuss it.  If you have any questions, 
please feel free to call the TIMSS response hotline at 1-888-677-1490, or send an email 
to TIMSS2007@westat.com. 
 
Sincerely, 
 

 
 
 
Mark Schneider 
Commissioner 
 
 
Enclosures: 
 Sampled Schools 
 TIMSS Brochure 
 Key Information and Summary of Activities 
 TIMSS Resource Kit (Information Kit and CD) 
 Publications Summary Sheet 
 
cc: [District assessment coordinator] 
     [District math coordinator] 
     [District science coordinator] 

mailto:TIMSS2007@westat.com�
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Exhibit B-3.  Provisional permission letter to school districts 

 
Date: 
 
Name: 
Title: 
Address: 
 
 
Dear: 
 

The National Center for Education Statistics (NCES), U.S. Department of Education, seeks 
your support for TIMSS 2007, the Trends in International Mathematics and Science Study. TIMSS 
is conducted in the United States and in more than 60 other countries. The findings provide U.S. 
policymakers and educators with valuable information on the mathematics and science education 
of fourth- and eighth-graders in the United States and around the world. In the spring of 2007, 
Windwalker Corporation and Westat, Inc. will conduct TIMSS in the United States, under contract 
to NCES. (See the enclosed materials for more details about the study.) 

 
At this time we are seeking your permission to invite a number of randomly selected 

schools in your district to participate in TIMSS. The schools in question are listed in the 
attachment to this letter. It may turn out that not all schools on this list will actually be invited. The 
list of schools invited to participate will be finalized early in the 2006-07 school year. At that time, 
we will inform you of the schools selected from the attached list. We ask your permission in 
advance of this selection so that we can move quickly to contact the invited schools in the fall 
and, in this way, provide them with some seven months or more of advance notice. The final 
decision about participation will, of course, rest with the school itself. (In order to protect the 
confidentiality of these schools, please do not share the school list publicly.)  

 
All of the schools on the list will be provided with a Resource Kit on CD-ROM containing released 
items, scoring guides, and the curriculum framework from the previous rounds of TIMSS.  A copy 
of this CD-ROM is enclosed and is described on one of the enclosed information sheets.  In 
addition, each participating school will receive an all-in-one printer, scanner, and copier. 
Participating students will receive a small gift. 
 
The following organizations support U.S. participation in TIMSS 2007: Council of Chief State 
School Officers; Education Commission of the States; National Association of State Boards of 
Education; National Association of Elementary School Principals; National Association of 
Secondary School Principals; National Council of Teachers of Mathematics; and, National 
Science Teachers Association. 

 
I would appreciate your support of this landmark study. Representatives from Windwalker and 
Westat will contact you shortly to discuss it.  If you have any questions, please feel free to call the 
TIMSS response hotline at 1-888-677-1490, or send an email to TIMSS2007@westat.com. 
 

mailto:TIMSS2007@westat.com�
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Exhibit B-3.  Provisional permission letter to school districts—Continued 
 
 
 
Sincerely, 
 

 
 
 
Mark Schneider 
Commissioner 
 
Enclosures: Sampled Schools; TIMSS Brochure; Key Information and Summary of Activities; 
 TIMSS Resource Kit (Information Kit and CD);  Publications Summary Sheet 
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Exhibit B-4.  Letter to schools 

 
 
 
 

June 13, 2006 
 
Name 
Principal 
Address 
 
Dear: 
 

I am writing to seek your support for the Trends in International Mathematics and Science 
Study (TIMSS) 2007 being conducted by the National Center for Education Statistics (NCES) of 
the U.S. Department of Education. Your school has been randomly selected to participate in this 
important international study. 

 
 Every four years, the United States joins with other countries to assess the mathematics 

and science knowledge and skills of its student population. In April-May 2007, data will be 
collected from fourth- and eighth-grade students in some 600 randomly selected schools across 
the United States. TIMSS 2007 complements national assessments by identifying the strengths 
and weaknesses of U.S. students in math and science relative to their peers throughout the world. 
This critical information informs national discussions of ways to ensure improved learning and 
the continued success of the United States as we compete economically on a global scale. 

 
Windwalker Corporation and Westat, Inc. are the survey operations companies contracted 

by NCES to administer TIMSS in the United States. A representative will call you in the next few 
days to answer any questions you may have, and to discuss your school’s participation. The 
enclosed materials provide more details about the study. 
 
As part of the invitation to participate, a TIMSS Resource Kit on CD-ROM is enclosed for your 
school’s use. The kit contains the TIMSS curriculum framework and released items and scoring 
guides from the previous rounds of the study. Each participating school also will receive an all-in-
one printer, scanner, and copier to assist in using the materials. Students will receive a small gift 
to thank them for participating. 
 



 

B-8 

 Exhibit B-4.  Letter to schools—Continued 
 
The following organizations support U.S. participation in TIMSS 2007: 
 
 Council of Chief State School Officers; 
 Education Commission of the States; 
 National Association of State Boards of Education; 
 National Association of Elementary School Principals; 
 National Association of Secondary School Principals; 
 National Council of Teachers of Mathematics; and 
 National Science Teachers Association. 

 
I would appreciate your support of this important study. Representatives from Windwalker 

and Westat will contact you shortly to discuss your participation. If you have any questions, 
please feel free to call the TIMSS hotline at 1-888-677-1490, or send an email to 
TIMSS2007@westat.com. 
 
Sincerely, 
 

 
 
Mark Schneider 
Commissioner 
 
 
Enclosures: 
 TIMSS Brochure 
 Key Information and Summary of Activities 
 TIMSS Resource Kit (Information Sheet and CD) 
 Publications Summary Sheet 
 
 

mailto:TIMSS2007@westat.com.�
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Exhibit B-5.  “Active consent” parent permission letter 
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Exhibit B-5.  “Active consent” parent permission letter—Continued 
 

 



 

B-11 

Exhibit B-5.  “Active consent” parent permission letter—Continued 
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Exhibit B-5.  “Active consent” parent permission letter—Continued 
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Exhibit B-5.  “Active consent” parent permission letter—Continued 
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Exhibit B-5.  “Active consent” parent permission letter—Continued 
 

 



 

B-15 

Exhibit B-6.  “Passive consent” parent permission letter 
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Exhibit B-6.  “Passive consent” parent permission letter—Continued 
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Exhibit B-6.  “Passive consent” parent permission letter—Continued 
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Exhibit B-6.  “Passive consent” parent permission letter—Continued 
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Exhibit B-6.  “Passive consent” parent permission letter—Continued 
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Exhibit B-6.  “Passive consent” parent permission letter—Continued 
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Exhibit B-7.  “Notification” parent permission letter 
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Exhibit B-7.  “Notification” parent permission letter—Continued  
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Exhibit B-7.  “Notification” parent permission letter—Continued  
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Exhibit B-7.  “Notification” parent permission letter—Continued  
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Exhibit C-1.  Brochure 
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Exhibit C-1.  Brochure—Continued 
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Exhibit C-2.  Publications brochure 
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Exhibit C-2.  Publications brochure—Continued 
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Exhibit C-3.   Key Information and Summary of Activities brochure 
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Exhibit C-3.   Key Information and Summary of Activities brochure—Continued 
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Exhibit C-4.   Resource Kit and Gifts brochure 
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Exhibit C-4.   Resource Kit and Gifts brochure—Continued 
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Exhibit C-4.   Resource Kit and Gifts brochure—Continued 
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Exhibit C-5.   School Coordinator Responsibilities brochure 
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