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Abstract

The Trends in International Mathematics
and Science Study (TIMSS) provides reliable
and timely data on the mathematics and science
achievement of all the participant countries.
Carried out every four years at the fourth and
eighth grades, TIMSS data has been collected in
1995, 1999, and 2003. TIMSS 2007 is the fourth
in a cycle of internationally comparative
assessments purposed to investigate the factors
which effect on teaching and learning in
mathematics and science for students around the
world. The results could provide the participants
with information to examine the science and
mathematics curriculum and education policies
by comparing with other countries.

The 4th and 8th graders were two populations
investigated in the study of TIMSS 2007. There
are 59 countries participated and completed the
investigation in this cycle. In Taiwan, the filed
test was carried out on April 19, 2006; while as
the main survey was processed from May 21 to
June 8, 2007. In the main survey, 4131 4th
graders from 150 elementary schools and 4046
8th graders from 150 junior high schools were
sampled to participate and completed the test in
the main survey. Each participant needs to finish
the Background Questionnaire and the
Achievement Test Booklet. The administrators
of sampled schools and both science and math
teachers of the sampled classes were surveyed to
complete the school questionnaire and teacher
questionnaire respectively.

Our grade 8 science performance was ranked
2nd among 50 countries, but the data were not
significantly different from the 1st place country,
Singapore. The performances of science content
areas were followed: biology was ranked in 3rd
place, chemistry was ranked in 1st place, physics
was ranked in 4th place, and earth science was
ranked in 1st place. In cognitive domains,
knowing was ranked in 2nd place, applying was
ranked in 1st place, and reasoning was ranked in
5th place.

Our grade 8 mathematics performance was
ranked 1st among 50 countries, but the data were
no significant different from the 2nd place
country and 3rd place country, Korea and
Singapore. The performances of mathematics
content areas were followed: number was ranked
in 3rd place, algebra was ranked in 1st place,
geometry was ranked in 1st place, and data and
chance was ranked in 4th place. The

performance in knowing domain was ranked in
3rd place, applying domain was ranked in 2nd
place, and reasoning domain was ranked in 1st
place.

Our grade 4 science performance was ranked
2nd internationally, and the data were
significantly different from the 1st place country,
Singapore. The performances of science content
areas were followed: life science was ranked in
4th place, physical science was ranked in 3rd
place, and earth science was ranked in 3st place.
In cognitive domains, the performance in
knowing was ranked in 2nd place, applying was
ranked in 8th place, and reasoning was ranked in
1st place.

Our grade 4 mathematics performance was
ranked 3rd internationally, but the data were
significantly different from the 1st place country
and 2nd place country, Hong Kong and
Singapore. The performances of mathematics
content areas were followed: number was ranked
in 3rd place, geometric shape and measures was
ranked in 4th place, and data display was ranked
in 4th place. The performance in knowing,
applying and reasoning cognitive domains were
all ranked in 3rd place.

To compare with the TIMSS 2003 data, our
grade 8 students had significant improvement in
mathematics, but less well in science. Both our
grade 4 mathematics and science had significant
improvement.

In conclusion, overall performance in our
grade 4 and grade 8 science were ranked in 2nd
place internationally, and mathematics was
ranked in 3rd place for grade 4 and in 1st place
for grade 8. In trend analysis, except for grade 8
science, our grade 4 and grade 8 mathematics
and grade 4 science were significant better than
TIMSS 2003. The performance of our grade 4
and grade 8 in Index of Students’ Positive Affect
and Index of Students’ Self-Confidence were
below the international average in both subjects.
In aspect of gender difference, there was no
significant different in mathematics and science
in both grade.

Keywords: Trends in International Mathematics and
Science Study 2007, TIMSS 2007,
Mathematics and Science Achievement
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B8] 51(1.9) : 537(4.6) 49(1.9) i 546(5.8) 9(5.5)

EJE| 51(0.7) : 514(3.0) 49(0.7) i 526(3.2) 12(2.3)*

M 48(1.9) i 505(5.1) 52(1.9) . 524(5.4) 18(7.7)*

FiE 50(0.2) : 354(2.3) 50(0.2) | 284(2.3) 70(3.1)*
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9:00 — 10:30 Welcome and Introductions

Overview of Seminar and Agenda

Review of Matrix Designs in Large Scale Assessment (Gonzalez)
10:30 — 10:45 Break
10:45 - 12:15 Review of Matrix Designs in Large Scale Assessment (Gonzalez)
12:15—-1:45 Lunch
13:45 - 15:15 Matrix Designs in Large Scale Assessment (Work in Groups)
15:15 - 15:30 Break
15:30 — 17:00 Matrix Designs in Large Scale Assessment (Presentations)

Wednesday January 14

9:00 —  10:30 Review of Item Response Theory (IRT)
Uses of IRT in Large Scale Assessment (Yamamoto)
10:30 — 10:45 Break
10:45 —12:15 Item Response Theory Models (Yamamoto)
12:15 - 1:45 Lunch
13:45 - 15:15 Obtaining Item Difficulties and Person Scores (Yamamoto)
15:15—15:30 Break
15:30 — 17:00 Obtaining Item Difficulties and Person Scores (Yamamoto)
19:00 — 21:00 Group Dinner

Thursday January 15

9:00— 10:30 Population Models in Large Scale Assessments (Von Davier)
10:30 — 10:45 Break
10:45 —12:15 Population Models in Large Scale Assessments (Von Davier)
12:15 - 1:45 Lunch
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13:45 - 15:15 Using DESI to obtain Person Scores (Von Davier)

15:15 - 15:30 Break

15:30 — 17:00 Using DESI to obtain Person Scores (Group Work)

Friday January 16

9:00 - 10:30 Putting it all together (Gonzalez, Von Davier, Yamamoto)
10:30 — 10:45 Break

10:45 —12:15 Putting it all together (Gonzalez, Von Davier, Yamamoto)
12:15 Adjourn
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The IEA/ETS Research Institute

I E Rl The IEA/ETS Research Institute (www.IERInstitute.org)

@

What is it?

« Collaborative agreement between IEA and ETS

= Focus on improving the science of large scale
assessment

= Undertakes activities around three broad areas:

v Research studies related to the development and
implementation of large-scale assessments

v Professional development and training

v' Dissemination of research findings and information
gathered through large-scale assessments

IERI e 'enveTs Research institute (www. IERInstitute.org) 1

A o

Research Activities

= A “Virtual” Institute
= Research Agenda
= Make available consulting and advisory resources
to researchers and national centers wishing to
conduct policy or methodology related studies
v Identify relevant policy issues
v Identify analytical strategies most appropriate for
providing and analyzing data to address these issues
v Apply statistical techniques and other research
methodologies

Research Activities

= Research Priorities:

v' Develop a more scientific approach to the
development, use and interpretability of background
questionnaires

v' Develop new constructs that extend the policy issues
that might be addressed by these assessments

v" Improve the measurement of cognitive domains

v Investigate effects of increased emphasis on the role
of technology

v Identify thematic issues for guiding secondary

analyses
IE Rl The IEA/ETS Research Institute (www.IERInstitute.org) 2 IE Rl The IEA/ETS Research Institute (www.IERInstitute.org) 3
EA ¢ EA ¢

Training Activities

= Workshops and seminars

v Thematic

v' Making use of specific data
= Internship and fellowship programs
= Professional exchanges

IE Rl The IEA/ETS Research Institute (www.IERInstitute.org) a

A ¢

Dissemination Activities

= Sponsor a Monograph Series
v Published annually
v’ 5-7 papers
v Peer reviewed
= Receive favorable technical, substantive, and editorial
review
= Sponsor other publications that contribute to the
advancement of the field

IE Rl The IEA/ETS Research Institute (www.IERInstitute.org) 5
BA oo




Matrix Designs in Large Scale
Assessment

Eugenio J. Gonzalez
November 2008

I ER! Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

So many items, so little time...

I ER! Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

The Assessment Design

= How do we deliver the items to the population of

interest?
IER. Copyright © IEA-ETS Research Institute (www.IERInstitute.org)
EA ¢

Some Questions to Ask

= What is the purpose of the assessment?

= How broad is the content area or set of skills
covered?

= What scores will be reported?
= How much time is available to administer the item?
= How will the data be reported?
= What decisions will be made based on results?
= Number of administrations
v' Same year and over the years

IE Rl Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 3

Purpose of the Assessment

* Selection
v' Have required set of skills
= Grading
v' Have mastered contents of course
= Diagnosis
v Decide on individual treatment
= Describe population
v' Mastery of set of skills or knowledge

Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

Broadness of the Assessment

= Contents covered at grade, or up to that grade?
= How many content areas?

= What skills are measured?

= How long does it take to measure those skills?
= How many items are necessary

IE Rl Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 5




Scales to be Reported

= How many scales?
= How many subscales?
= Who gets scores on what?

Time Available for Administration

= How long does it take to perform individual tasks?
= How long will students last before fatigue sets in?
* School schedule structure

= What will teachers and school principals tolerate?
= Resources available?

IERI  comriant© teaers Research tnstiute (i ERInsttte.org) 6 IERI  comriant © teaers Research tnstiute (wunw ERInsttte.org) 7
A i A i

Reporting the Results

« Overall scale scores

* Subscale scores

* Percent correct or scale scores?
* Percents passing benchmarks

* ltem by item

* Passing / no passing

Decisions Based on Results

« Describe population?

« Describe individuals? School performance?
= Individual consequences?

= Group consequences?

= Other?
IER. Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 8 Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 9
BA oo

Number of Administrations

= How many administration will take place?

= An on-going program? Or once in a lifetime?

* Is there an item release policy?

* Risks of disclosure/exposure of the items?

« Refreshing the assessment?

= (When) Will new component(s) be introduced?

Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

Assessment Designs in LSA

= Depend on answers to previous questions
= Except for very simple cases there is no unique
solution
= The design is always a compromise between what
is desired and what is possible given specific
circumstances and resources
v Need to weigh pros and cons of each feature vs.
choosing a different one
v' Make an overall judgment of the adequacy of the
design(s)

Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 11
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Some of the Challenges...

= Domain is usually very broad

= Limited testing time (physical & psychological)

« Challenges:

v" Need to administer the items in a “sensible* design

v" Need to summarize performance on the items
v" Need to adjust for unreliability of estimates

Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

How do Matrix Designs Help?

Impossible to test everyone on everything

v' Too many people

v' Too many items

v" Too expensive

Some students are tested on some things

In large scale assessments we tend to sample
items and students

Calculations need to be adjusted using sampling
design information

Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 13

Arranging the Items

* Items are the individual questions or tasks that

make up the assessment

« Blocks are subsets of items in the assessment

v' A subset could be one, some, or all the items in the

assessment
v Blocks are generally exhaustive and mutually
exclusive
= Every item belongs to a block
« Each item belongs to only one block

IE Rl Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

BA oo

Some Concepts

The “assessment” constitutes the entirety of the

items

The “blocks” are subsets of items (also called

clusters)

The “form” is a particular set of blocks delivered to

the students in a particular order

v In paper and pencil applications we use booklet or
form

v In computer delivered assessments there is no
booklet...

Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 15

Some Choices of Designs

= Complete Matrix Designs
v Everyone takes everything
v Could have blocks in different order
v" One form or multiple forms
= Incomplete Matrix Design
v' Everyone takes part of the assessment
= Dynamic or Static
« Balanced or unbalanced

IE Rl Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

A ¢

Complete Matrix Design

(&2
IERI
A ¢

All students take all the items in the same order
v IEA Reading Literacy 1999 and 2001
* One form, 2 blocks (A and B)
v' Advantages? Disadvantages?
All students take all the items but in varying forms

v' Random or semi random: an unknown number of
forms

v Static: there is a fixed set of forms
v Advantages? Disadvantages?
Some Examples

Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 17
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Incomplete Matrix Designs

v Each student takes only part of the assessment
= Dynamic: based on performance
« Static: pre-printed or predetermined sets of items
v' Advantages? Disadvantages?
v Some examples

IERI copyriont © 1EAETS Research Institute (www.IERInstitute.org)

A o

Some Studies

= Two major organizations:

v'International Association for the Evaluation of
Educational Achievement (IEA)
+ Conducts TIMSS & PIRLS
« Major activity is comparative educational studies,

research and training

v Organization for Economic Cooperation and
Development (OECD)
= Conducts PISA
= Data collection in education and other fields
= Collects indicators to inform governments

IERI copyriont © 1EAETS Research Institute (www.IERInstitute.org) 19

A o

The Studies

- TIMSS
v' Trends in International Mathematics and Science
Study
= PIRLS
v' Progress of International Reading Literacy Study
= PISA

v' Program of International Student Assessment

Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

20

Overview of Studies

TIMSS PIRLS PISA
Subjects Mathematics and | Reading Science
Science literacy Literacy,
Mathematics,
Reading
Grades/age 2003: 4th /gth 4th 15-years old
Participating 2003: 49 2006: 46 2006: 57
Jurisdictions
<
IER. Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 21
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Overview of Studies

TIMSS PIRLS PISA

Cycle 4 years 5 years 3 years

Last release TIMSS 2003 | PIRLS 2006 PISA 2006

Test Booklets |12 booklets |12 booklets + |13 booklets
(last cycle) Reader

Testing time 90 minutes | 80 minutes 120 minutes

Questionnaire | Principals, Principals, Principals,
Teachers, Teachers, Students
Students Students (Parents)
(Parents)

IE Rl Copyright © IEA-ETS Research Institute (www.IERInstitute.org)
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TIMSS Assessment Design

= 90 minute assessment at grade 8

« Rotated block assessment design: blocks of items
were rotated among 12 booklets.

= No student answered all items

« Students encountered booklets with both
mathematics and science items

= Each booklet contained both trend items (1995,
1999) and new items.

Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 23




TIMSS Achievement Scales

Overall Mathematics

The TIMSS 2003 Test Design

Book Pos 1 Pos 2 Pos 3 Pos 4 Pos 5 Pos 6
v' At Grade 8: Number; Algebra; Measurement; 1 ™Mo1 Mo2 S06 S07 MO5 MO7
Geometry; Data 2| Mo2 MO3 S05 S08 Mo6 M08
v' At Grade 4: Number; Patterns, Equations, and 3| Mo3 Mo4 S04 S09 M13 M11
Relationships; Measurement; Geometry; Data 4l Mo4 MOS So3 S10 M4 M12
; ' ’ ’ 5 MO5 M06 s02 s11 M09 M13
= Overall Science 6 Mo6 MO1 so1 s12 M10 M14
v At Grade 8: Life Science; Chemistry; Physics; Earth 7. so1 s02 Mo6 Moz S05 so7
Science; Environmental Science g igg :gi mgi mgg :gg zgi
v At_Grade 4: Life Science; Physical Science; Earth 0 soa S05 MO3 M10 s14 s12
Science 11 so05 S06 M2 M11 S09 s13
= Also cognitive domain scales 12 S06 S01 MO1 M12 S10 S14
<> <>
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What is PIRLS? PIRLS 2006 Test Design
= International study of reading literacy at 4th grade = 10 passages; 5 literary & 5 informational
= Assessment of student proficiency in reading = 126 items; 167 score points
comprehension = Multiple-choice and constructed-response
= Extensive collection of data on context for learning questions
to read - PIRLS Reader
PIRLS 2006 Booklets
1/2|(3|4|5|6|7|8|9|10|11|12|R
Part1 |L1|L2|[L3|L4| 11|12 |13 |14 |L1| 12 |L3| 14 |L5
Part2 | L2 |L3|L4 |12 |12 |13 |14 L1211 |L2 |13 |L4]|I5
<> <>
IER. Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 26 IER. Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 27
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What is PISA?

= Program for International Student Assessment
= The main questions are:
v Are students well prepared to meet the challenges of
the future?
v' Are they able to analyze, reason, and communicate
their ideas effectively?
v Do they have the capacity to continue learning
throughout life?

IE Rl Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 28
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What is PISA?

= Measure how well 15-year-old approaching the
end of compulsory schooling are prepared to meet
the challenges of today’s knowledge societies

= Does not focus on mastery of school curriculum,
but on the ability to use knowledge and skills to
meet “real-life challenges”

IE Rl Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 29
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PISA Test Design

Administered every 3 years

Originally 3 major domains: Mathematics, Science
and Reading

v"In 2003 included Problem Solving

Every 9 years major emphasis on a domain

In between the 9 years minor emphasis on a
domain

Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 30

PISA Test Design

2000 2003 2006 2009
Reading MAJOR Minor Minor MAJOR
Mathematics Minor | MAJOR | Minor Minor
Science Minor Minor | MAJOR | Minor

IERI copyriont © 1EAETS Research Institute (www.IERInstitute.org)
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PISA 2006 Test Design

(&2
IERI

BA oo

Form | Block 1 Block 2 | Block 3 Block 4
1 S1 S2 S4 S7
2 S2 S3 M3 R1
3 S3 S4 M4 M1
4 S4 M3 S5 M2
5 S5 S6 S7 S3
6 S6 R2 R1 S4
7 S7 R1 M2 M4
8 M1 M2 S2 S6
9 M2 S1 S3 R2
10 M3 M4 S6 S1
11 M4 S5 R2 S2
12 R1 M1 S1 S5
13 R2 S7 M1 M3

Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 32

Comments? Questions?

I ERI Copyright © IEA-ETS Research Institute (www. IERInstitute.org)
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Analysis with IRT

IERI Academy Winter 2009
Center of Global Assessment
ETS
Kentaro Yamamoto

Presentation Outline

Classical Test Theory (CTT)

Item Response Theory (IRT)

Common IRT Models

Parameter Estimations

Features of IRT model

Application of IRT for test development
Consequence of assessment features on IRT modeling
Weighting

Booklet design

Non-response

Scoring accuracy

Establishing the Comparability

« Instrumentation
-BQ, Cognitive, Instruction, Manual
« Sampling, Target Population, Sampling Frame
« Weighting
e Operation
« Scoring

« Scaling (Non-response, Common
parameters)

» Population modeling
* Reporting

Moh’s Scale of Mineral Hardness

Sample|A |[B |C |D |E |F

1 | Talc O |0 |0 |O |0 |O
2 | Gypsum O [0 |0 |O |0 |O
3 | Calcite X |0 |0 |0 |O |O
4 | Fluorite X |X |0 |0 |O |O
5 |Apatite X |X |0 |O |O |O
6 | Orthoclase X [X |X |O |0 |O
7 | Quarts X | X |X |X |0 |O
8 | Topaz X [ X |X |X |0 |0
9 |Corundum X | X | X |X |X |O
10 | Diamond X [ X | X [ X [X |X
25(35|55(65 85|95

Typical Math Test

Student Items Total
1123 |4|5|6|7|8[9 (1011
A oj0o|0O|O0O|O|O|O|O|O [X |O 10
B O|0 |0 |0 |X |O|O]|O|O [O |X 9
[ 0|0 |0 |0 |0 |0 |X]|O|[X [X |O 8
D O|X |0 |O |0 |X |O]|O|O |O |X 8
E 0|0 |0 |0 |X |O|O|X X |0 |X 7
F X |0 |0 [X |O|O |[X]|O|O [X |X 6
G 0|0 |X [X |O X |O|X X [X |X 4
H OO0 |[X [0 |X X [X|X [X [X |X 2
Total |7 |7|6|6|5|5|5|5|4]|3]|2

Common Observation

Proportion
Correct 06 |-

Total Score
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Classical Test Theory

Observed Score = True Score + Error Score
O=T+e

Observed Score: test score
(can be standardized and/or transformed into various forms)

True Score: hypothetical mean of an infinite number of tests taken by an
examinee when practice effects are disregarded, i.e., expectation of the
scores

Error: amount of discrepancy between examinees’ true scores and observed
scores for population

Classical Test Theory

Offers a diverse collection of techniques and
formulas for item analysis, test development,
scoring, scaling, and equating, as well as the
evaluation of test reliability, validity and fairness

Has a long history of theoretical and practical
development with well developed body of
knowledge

Very useful for evaluating respondents skills and
analysis of test scores

Used often to produce parallel test forms

Limitations of CTT

« Sample Dependent
— Statistics (e.g., difficulty, discrimination) that
describe test items depend upon group of
respondents who take the items

¢ Test form Dependent
— Observed & true scores that describe how
respondents perform depend upon the
collection of items given to the students

Limitations of CTT

Same errors of measurement for all examinees
regardless of examinees ability levels

— Measurement error is population based

Not able to match test forms for projected ability
distribution

Strictly parallel test do not exist

Requires equating of

— Item statistics for use in test assembly

— Test scores for use across administrations

Item Response Theory

« Provides a consistent framework for thinking about and
resolving testing problems
« Developed in 1960s to addresses some of the limitations of
CTT, and offers a more flexible set of techniques
— Estimate of standard error of measurement for each
examinee
— IRT pattern scoring does not require equating
— Automated test assembly & CAT
« Reminds us that our testing goal is to measure an
unobservable or latent construct, and that it is critical to
consider the relationship of observable item responses to the
latent construct

Item Characteristic Curve

P(x10) I

o o — 1
-4 -2 0 2 4

0
Latent Trait
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Item Response Theory

« Offers a variety of probability models relating observable
item responses, x;, to the latent trait or ability, 6, and the
item’s measurement properties, S (item difficulty and
discrimination, e.g.)

k =0 or 1 for dichotomous items
k =0,1,...K for polytomous items

S

Advantage of IRT

« Because it makes stronger assumptions about the
behavior of people and items, it allows us to solve
problems that cannot be solved by classical test
theory.

« The use of IRT allows us to answer many questions
about a test before we ever administer it.

Advantage of IRT

« Evaluate the effectiveness of a test at different levels
of ability

« Evaluate the ability of respondents who took different
set of items

« Evaluate a set of items on a same scale established by
a different set

« Design tests to measure best at specific ability level

« Develop new tests and investigate them without
administering them

« Develop item statistics that do not change when the
group of examinees change

Common IRT Models

¢ Dichotomous IRT Models for Multiple Choice Items:
— one-parameter logistic (1PL) model
— two-parameter logistic (2PL) model
— three-parameter logistic (3PL) model — most common

« Polytomous IRT Models for Multiple Responses:
— graded response model
— partial credit model

3PL Model

1-c;
P(Xij :l‘gi): Gt 1.0+ exp(—Dai (‘9] - bi))

» where
— 0 is student j ability
— & Iis discriminating power for item i
— by is item difficulty for item i, and
— ¢; is the “pseudo-guessing” parameter for item i

Probability

IRT Parameter Interpretation

1.0 T
09 +
08+
o7l (@F0)2
0.6 / >
05+
04+ ‘Item 1: b=0.0, a=1.0, c=0.2 ‘
03+
021 c
01T
0‘01:11111b1:111111
40 -35 -30 -25 -20 -15 -10 -05 00 05 10 15 20 25 30 35 40
Ability

(slope of curve)
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Five ICCs

Graded Response Model:
Category Response Functions
(for item scores 0,1,2, and 3)

1.0
104
0.9 A -
08 | k=0 k=3
2% k=2
% g-: g a = 1.00
£ o Item 1: b=0.0, & £ os ko1 o
o 03 — Item 2: b=1.0,2=1.0. ¢=0.2 2 - bs= 150
FY ) E— Item 3: b=-1.0, a=1.5, ¢=0.2
01 —Item 4: b=2.0, a=1.5, ¢=0.25
00 - Item 5: b=1.5, a=0.5, ¢=0.0
-4 -35 -30 -25 -20 -15 -10 -05 00 05 10 15 20 25 30 35 40
Ability 0.0 . ‘ ‘ ‘ ;
-3 -2 -1 0 1 2 3
Ability
Common IRT Assumptions Review of MML for Single
Population
« Unidimensionality: A single latent variable is sufficient
to explain all responses to items. ( ) 1
— Local Independence: At a given level of X, responses 2PLIRT P(x;=1)= _ _
to all items are statistically independent. 10+ exp(-Da (91' b‘))
P(x,|0,.ab) = TP (8" @-P(8,)™
P, =u,U, =u,,...,U, =u,|0) =TIPU;, =u;|0) =1
i=1
* Model-Data Fit
P(xlab)= ] P(x;[.ab) f(6)do
— Appropriate use of an IRT model requires reasonable Integrate 6 SH== Z;[ X;/ab) 1(©)

satisfaction of its assumptions.

J
Maximize likelinood L (a,b]X )= L(a,ib\ij)
i

EM steps of Item calibration

« During E-step, posterior distribution as well
as proportions correct for each items at each
quadrature points are estimated based on the
prior.

« During M-step likelihood function is
maximized with respect to the model
parameters.

« IRT linking is based on either proficiency
distributions or the item parameters.

What E-step produces

1 - 0.5
0.8 + T+ 04
06T N 703 > [Emiem1

2 |E=3item 2

04t L o2 s theta dist.
0.2 + T+ 0.1

0 ﬂj—aj—— 0

1 2 3 4 5 6 7

quadrature point
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Extend to Multiple Population

Oy} f,(0)d0

Integrate 6| group g P(xg\gg,g)= j P(Xg
0

Sum over groups

b.a, ) f,(0)d6

ol -2 o6,

Maximize likelihood L(z|X)= ﬁ L(QBJ)
i

Evaluate Fit of IRT Parameters

[ %2

o« MD

MD, = j(ﬁg(e)— PO, (0)d0

e RMSD

RMSD, :\/I ®.o- P(.sr))2 f,(0)do

o Impact on ability
estimate

Assessing Model Fit: 1 & 3PL

- W -
£ oas i b as
%
£ o ++ E oo
0z e
EE 3 T 3 & E 3 T z
Ability Ability
# 81  MODOOBIOOL 5 Choice P4—0566 § 91 MCOO0PLOOL 5 Choice Ri—0586
a= 0857 Fb= —04B% o= 0000 F CHI= 41.19 a= 1068 b= 0781 o= 0414 CHI= 230

IRT Response Curve of Document 7-8

—&— Expected

—=— Chile
Czech
Denmark

—*— Finland
—— Italy

—+— Norway/B

—— Norway/N

—— Slovenia
Swiss/I

51 86 121 156 191 226 261 296 331 366 401 436

IRT Response Curve of Q- ITEM

1

MEF-E

Propartion Carzect

0

Prose Proficiency
- Canada/French

~— — Item Characteristic curve for Canada/French

Item Characteristic curve for all other populations

Application of IRT Models to
Test Development

¢ |tem information functions
¢ Test information functions

« Standard error of measurement
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Item Information

« Item information shows the contribution of an
item to measurement precision with respect to
ability parameter

« Important for test assembly, linking, virtical
linking, assuring desired accuracy, so on

Item Information

[/ 2
| (0)=POT
where P| (9 )Q. (9)
* P;(6) is the item response function,
* QO =1-Pi(9

* P’(0) is the derivative of P;(6) with respect to &

Probability

Item Characteristic Curves

10
094

084

074

06

054

04 Item 1: b=0.0, 2=1.0.c=0.2
034 —Item 2: b=1.0, a=1.0. ¢=0.2
[Y 3 e— Item 3: b=-1.0, a=1.5, ¢=0.2
014 —Item 4:b=2.0, a=1.5, ¢=0.25
00 Item 5: b=1.5, a=0.5, ¢=0.0

-4 -35 -30 -25 -20 -15 -10 -05 00 05 10 15 20 25 30 35 40

Ability

Information

16
14
12
10
0.8
0.6
0.4
0.2

0.0

Item Information Functions

T

Ability
— ltem 4:b=2.0, a=1.5, ¢=0.25

Item 5: b=1.5, a=0.5, ¢=0.0
— Total

—Item 1: b=0.0, a=1.0, ¢=0.2
= Item 2: b=1.0, a=1.0, ¢=0.2
Item 3: b=-1.0, a=1.5, ¢=0.2

Questions: Which abilities do these items measure best?
For what level is this test most appropriate?

Test Information

« Test information function is the sum of item information of the items
in the test:

[P(9)]°
P (0)Qi(0)

where n is the number of items in the test.

1) =3 1) -

Standard Error

J100)

- Assesses measurement precision for each examinee
level

« Used to calculate reliability

SE(0) =
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TIF & SE Weights
" . TIMSS/PIRLS
08 FWAW ho6™ Anos™ Wiass™ Waycert™ Al et
g 0s 8 PISA
g " FWEA e Wchod ™ Athnos o A
IALS/ALLS
’ 3 2 1 o 1 2 3 ’ FW;Wpsu*Whousehold*Adhousehuld*W *Aﬂ *Adpusl
Ability
Booklet design Booklet Design TIMSS

TIMSS: Bib-spiral of blocks of mixed subjects of
Math(5) and Science(6), ~80 items,

PISA: Subject specific blocks, Reading, Math,
Science.

IALS/ALL: Bib-spiral of 3 domains of Literacy,
appended spiral design

* In 1999 TIMSS, 26 clusters of items were
bib spiraled to produce 8 booklets

Book Clusters

t [A]B c]D GIH][ 1[I K[LIMIN[OJPJQIR[S][TIU[V[W[X[Y

w
le| || m]

A(12m), B-H(12m), I-R(22m), S-V(10m), W-Z(10m)

40

Booklet Design 2003 PISA

Booklet Clusterl Cluster2 Cluster3 Cluster4
1 M1 M2 M4 R1
2 M2 M3 M5 R2
3 M3 M4 M6 PS1
4 M4 M5 M7 PS2
5 M5 M6 S1 M1
6 M6 M7 S2 M2
7 M7 S1 R1 M3
8 S1 S2 R2 M4
9 S2 R1 PS1 M5
10 R1 R2 pPS2 M6
11 R2 PS1 M1 M7
12 PS1 PS2 M2 S1
13 PS2 M1 M3 S2

M1-M7,51-S2,R1-R2,PS1-PS2: 30 min

Booklet Design 2003 PISA

M1 | M2 | M3 | M4 | M5 | M6 | M7 | S1 S2 Rl | R2 | PS1 | PS2
1 1 2 3 4
2 1 2 3 4
3 1 2 3 4
4 1 2 3 4
5 4 1 2 3
6 4 1 2 3
7 4 1 2 3
8 4 1 2 3
9 4 1 2 3
10 4 1 2 3
11 3 4 1 2
12 3 4 1 2
13 2 3 4 1

M1-M7,S1-S2,R1-R2,PS1-PS2: 30 min

a2
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Raacing Position by Diffculty
Mathematics Position of Blocks by Difficulty
a5
4 ¢ ¢ ¢
35 Y
3 ¢ Math Problem Solving Position by Diffculty
25 ¢ ¢
¢
2 S
15
03 02 01 o 01 02 03 0.4 05
Difficulty
3 44

Booklet Design IALS/ALL

IALS: Average Percent Correct; Block by Block Order

0 bl |b2 |b3 |b4 |b5 |b6 |b7 |[b8
Block | Block 1 | Block 2 | Block 3 | Block 4 | Block 5 | Block 6 | Block 7 | Total
Order bl X X X X
First 72 78 74 72 77 83 77 76
Second |78 76 77 78 72 83 79 78 b2 X X X X
Last 74 77 77 77 77 83 72 77 b3 |x X |x X
b4 |X |X X |IX
b5 X X X
ALL :Average Proportion Correct; Block by Block Order b6 |X X X
S b7 |X X X
Order Block 1 | Block 2 | Block 3 | Block 4 | Block 5 | Block 6 | Block 7 | Block 8 | Total b8 X X X

First 62.6 64.8 68.9 66.2 64.8 63.1 60.1 48.7 62.4
Second | 61.6 65.0 68.3 64.8 65.0 63.3 59.9 5.01 62.3

1-4: Prose&Document 5,6: Numeracy 7,8: Problem Solving

a6

g National Sampling Framework
B1 B2 B3 B4 B5 B6 B7 B8
1 2 N
L Eligibility -
1 2
1] 2 Y
2 1
2 1 Response to BQ
8 2 1
[ o [T 2 Y
1 2 N
. 1 : 2 Core Items 4-‘ Failed core
2 1 I
2 1
5] 1 v ! I
z L Completed Incomplete No Cognitive
o 2 Cognitive items Cognitive Items Items
14 0
1 2 >4
| 20 | 1 2
| 2t} 1 2
1 2
[ 23| 2 1
2 1 Related to Related to
(25| 2 5 i Literacy Literacy
27 T2 Unable un-Related to Unable un-Related 0
28 2 1 Literacy Literacy
. Unwilling Unwilling
1-4: Prose&Document 5,6: Numeracy 7,8: Problem Solving
r
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Scoring Open Ended Questions

TIMSS: 25-40% open ended, extensive training,
sample booklets scoring.

PISA: 30% open ended, extensive training,
sample booklets scoring.

IALS/ALLS: 100% open ended, extensive
training, exchange booklets across countries
to sample booklets scoring, correct scoring if
necessary.

IRT Modeling/Scaling

TIMSS: moved from Rasch(95) to 3pl+PC(99 on)
Common item parameters for all countries

PISA: Multi dimensional Rasch, limited 2pl, Common
item parameters for all countries

IALS/ALL: 2pl IRT, Subset of items may be different
from common item parameters for

Trend linkings Example

Re-analysis of 1995 TIMSS
- Toaddress 1PL-3PL, and re-center to mean of 500,and sd. of100 based on grade 8 only
«  Common scale of 1995 TIMSS-1999TIMSS-R
- Trend analysis
Content area of each domain 1999TIMSS-R
- Profile of content areas by setting the distribution s to TIMSS-R

e | TS
TIMSS Content Areas

MRE == ||

Impact of Prior Distribution on Proficiency Estimate 1

Impact of Prior Distribution on Proficiency Estimate 2

Impact of Prior Distribution on Proficiency Estimate 3
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Listening. Learning. Leading.

Modeling International Large Scale
Survey Assessment Data

IERI Fall Academy 2008
Matthias von Davier
Educational Testing Service

On international large scale
educational surveys

International large scale assessments
Assessment designs in large scale assessments
Background data in international assessments
Deriving skill distributions in subgroups of interest
Research on international surveys (the IERI ad)
Outlook

(International) Large Scale

Assessments

Some key principles:

* Common assessment framework

« Common scale(s) across countries & languages

» Coordinated administrations

* Repeated, linked assessments

« Group level reporting

¢ Curriculum (coverage?) or life-skills based

« International comparisons

(International) Large Scale
Educational Assessments

The mother of all Large Scale Assessments:

National Assessment of Educational Progress

* NAEP (..., 2008, ...), government mandated since 1960ies
International Large Scale Assessments

* TIMSS (1995,1999, 2003, 2007, 2011, ...)

* PIRLS (1992, 2001, 2011, ...)

» PISA (2000, 2003, 2006, 2009, ...)

* IALS ('94, '96, ‘98), ALL (2003)

* PIAAC (2011, ..))

For example: TIMSS

TIMSS (1995,1999, 2003, 2007, 2011, ...)

¢ Trends in Mathematics and Science Study

* An IEA study (IEA? - see next slide...)

« Currently 60-some countries participating

« International Study Center (ISC), Boston College

« ETS provides psychometric consulting and
statistical software for ISC's analyses & reporting

S s
FELEAD T80
-
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For example: PISA

PISA (2000, 2003, 2006, 20009, ...)

Programme for International Student Assessment
An OECD study, 67 countries in 2009...
Australian Council of Educational Research

(ACER) is conducting the study for OECD

« ETS provides consulting on technical issues, ETS
representative heads the reading literacy expert

group, ...

« OECD Programmae for Internaticnal Student Assessment (PISA)

For example: PIAAC

PIAAC (2011, ...)

« Programme for the International Assessment of
Adult Competencies (PIAAC)

« An OECD study, 20-some countries in 20011...

e TIMCC DICA NAED ara cch
HIVIOSS, mion, iINALr Al CriG0

s

es
assessments, and sample students (or classes)
within schools

¢ PIAAC (like IALS, ALL) is a household survey,
and samples adults 16-65 year old from
households

ool hase
1 0aSCU

Preogramens for the Intemational Ascusment of Adult Competmcies (LA Page 1o 2

Direction de MEmploi, du travail et des affaires sociales

Assessment designs in large scale
assessments

* All domains are covered broadly, the number of
sub-domains and items is determined during
framework development

* A large number of items is developed and
organized into blocks, which are combined into
test booklets.

» Test booklets include an incomplete, but balanced
subset of all possible combinations of the number
of blocks administered

« -> Balanced incomplete block (BIB) design

Exbibét 11: TIMSS 2007 Student Achisvemant Bocklet Design -
Fourth and Eighth Grades

f— -
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LSA frame summary

 Students respond to 3-6 short blocks of items, blocks
appear in multiple locations within multiple booklets

* Multiple test forms have to be linked, blocks from previous
assessments are combined with new blocks

« Trends over time often have to be reported

« Differences between countries in ability distributions, but no
DIF is a basis for comparability

* Sample items (released old form items) have to be
provided to stakeholders.

N9, Which of the boes X, Y, or Z has the LEAST mass? u

D. Al three boxes have the samse mass.

Multiple LSA components

In addition to the cognitive items administered, students also
fill out questionnaires, as do their teachers or principals

Students are asked about a variety of issues related to their
academic achievement, their leisure activities, etc.

Teachers may be asked about their instructional practices,
and their assessment of the school environment

School principals may be asked about school infrastructure,
and teacher professional development

Background Data in Skill Surveys

Background data serve (at least) two purposes in
international surveys of skills:

« BV’s are utilized in modeling the population
distribution of skills. BV’s help reducing
uncertainty as well as biases of group
comparisons

« Background variables (BV) are central in
understanding differences between higher and
lower skilled groups of the target population

OECD
PISA

STUDENT QUESTIONNMAIRE

msasciooin [ [ (-] [ ]

MIC CO-OPERATION AND DEVELOPMENT

Piga BTINENT IN 1

Background Data for Modeling

Background variables (BV) are needed as auxiliary
information in a population model used to reduce
uncertainty of measurement and to provide unbiased
imputations of skill variables:

* BV are selected and preprocessed to be integrated in a
latent regression model (mixed effects model, multilevel
IRT model)

« Conditional distributions of skills given BV are estimated,
and imputations (plausible values) are drawn for reporting
group statistics and variance estimation
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Background Data as Major
Reporting Variables

Background variables (BV) are central to reporting, and are
used to derive indicators for reporting skills in subgroups of
interest to stakeholders and policy makers.

« BV may directly assess the group definition of interest
(gender, ethnicity)

« BV may be aggregated to indicator variables such as
attitudes towards technology, reading behaviors, etc.

« BV may be proxies to variables we cannot directly assess
or we are now allowed to ask in some or all countries
(SES, gross income)

Challenges of using Background Data

Background variables are selected based on experts knowledge of
relevant differences. In international surveys, this selectionis
faced with multiple challenges:

« Comparability across countries:

— Avariable that is quite predictive of skills in one country may or may
not be so in other countries

— The response formats used can be subject to cultural differences in
response sets (e.g. avoiding extreme responses vs. tendency to
avoid middle/undecided responses)

« Relationships between questions, or collections of questions
used to derive indicators, may vary across countries.

« Some background variables very useful as a proxy to SES in one
country may not vary much in some other countries (number of
bathrooms in a house in the USA vs. Western Europe)

Other issues in LSA,
not covered today...

« Translation into multiple target languages,
translation verification

 Target population, definition, inclusions,
exclusions, sampling of students within
educational institutions

» Scoring constructed response items, rater
agreement, cross country comparability of rating
standards

* Weighting, non-response adjustments,
replacement, response rate, design effect...

Putting it all together:

There are many pieces to put together:

» Cognitive domain task responses

* Complex sample of item responses

» Countries provide a representative sample as the
basis of international comparisons

* Assume we have clean data, received in time
from all participating countries:

How are the different sources of information coming
together, and what do the results look like?

Modeling large scale
assessment data

* Reported are student proficiency distributions by
countries and in subgroups within country

* IRT based methods are used due to the level of
complexity of the data

* A multilevel IRT model with predictors based on the
background data is used to analyze the data

— Often called conditioning or latent regression model

* Reporting uses imputations gpl_ausi'ble values)to
enerate distributions of proficiencies, given reporting
major background) variables.

Latent regression IRT

The model LR-IRT represents is a latent regression
model or a multi-level, better: 2-level, IRT model:

¢ The first level is the measurement model, a
multidimensional, simple-structure IRT model

* The second level is a linear regression of the
(multidimensional) latent trait 6 on covariates,
referred to as background variables in large scale
assessments
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LR-IRT Measurement model, 1

The LR-IRT measurement model is

* A composition of standard one - dimensional
IRT models for multiple scales.

e Each item measures only one scale
* That means simple structure

* Which implies a factored likelihood

LR-IRT Measurement model, 2
» For dichotomous multiple choice items, often
the 3PL is used

* For dichotomous constructed response
items, the 2PL should be used

. ForOPontomous items, the generalized partial
credit model (GPCM) is used

¢ One can use the Rasch model as well
(Conquest, PISA & TIMSS 1995)

LR-IRT Measurement model, 3
* |RT estimation is carried out before the latent
regression is estimated

* -> jtem parameters are considered as fixed
and known constants in LR-IRT

» Adams, Wilson and Wu show that impact is
minimal for the Rasch model case

» Patz & Junker talk about this as adopting a
divide and conquer strategy

LR-IRT Estimation

We use the (EM) algorithm, a standard tool
used a lot for IRT and other latent variable
model estimation problems

» E-step: Estimate posterior means and
posterior (co-)variances

* M-step: Maximum likelihood estimates of the
latent regression parameters

LR-IRT Estimation, EM-cycle

The E-Step produces preliminary estimates of
the posterior means and variances given
previous regression parameters

The M-step produces preliminary estimates of
the regression parameters given the previous
E-steps estimates of posterior moments

This cycle is repeated until parameters
converge or a predetermined maximum of
cycles Is reached

Drawing Plausible Values

* NAEP and other survey assessments report subgroup
estimates, not individual scores

* Covariates are used to incorporate reporting variables
and other auxiliary information into a comprehensive
model where they help avoiding biased group
estimates

* NAEP uses multiple imputations derived from the LR-
IRT model estimates to generate subgroup means,
variances and other statistics
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Plausible Values (PVs)

« Plausible values (PV’s) are multiple
imputations drawn from examinee posterior
distributions

* Plausible values together with sampling
weights are also used to estimate variances
of the reported statistics

e This is done outside of LR-IRT, LR-IRT just
generates the PVs using the regression
estimates relating proficiency to background
data

Summary

* Survey assessments collect student proficiency
data using sparse responses from multiple booklets

* In addition, multiple other sources of information
are available on student background

« Latent regression models integrate IRT based
proficiency estimation with population models using
background data

* Reporting is based on group-level statistics
aggregated using major background variables like
gender, ethnicity, school type, parents education...
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Latent Regressions in DESI / MGROUP
&
Drawing Plausible Values

IERI Fall Academy 2008
Matthias von Davier
ETS
Research & Development

ETS Confidential & Proprietary

Overview

 Latent regression in a nutshell
—i.e., DESI/ MGROUP in a nutshell
» Measurement model, Population model
 Estimation
» Drawing plausible values

» Qutlook

Matthias von Davier: DESI Theory and Practice 1
ETS Confi & Proprietary

DESI/ MGROUP in a nutshell

The model estimated by DESI is a latent
regression model or a multi-level, better: 2-level,
IRT model:

* The first level is the measurement model, a
multidimensional, simple-structure IRT model

» The second level is a linear regression of the
(multidimensional) latent trait 8 on covariates,
referred to as background variables in NAEP

Matthias von Davier: DESI Theory and Practice 1

ETS Confidential & Proprietary

DESI / MGROUP model

Let x,,...,X, denote item responses, &the
latent trait, and let the z,,...,z denote the
covariates:

* The IRT model donates:
P(x1..x, |O)=1IP(x;| 6)

* The latent linear regression donates:

f(0/2y,....2¢ )J=p(A(2,..2,).2)

Matthias von Davier: DESI Theory and Practice 1

ETS Confidential & Proprietary

DESI / MGROUP model

The marginal probability of observed responses
Xq,-.-,X; given the z,,...,z, covariates is then

P(x.X | 2..2¢) = I|:H P(X IH):|¢(0 | /u(zl"ZK)lz)dg

The z,,...,z¢ determine the prior mean y(z,..z,) of
the ability distribution, ¥ denotes the common
(co-)variance (matrix), ¢() denotes the
(multivariate) normal density.

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

DESI / MGROUP model

Bayes’ theorem is applied to find the posterior
distribution of 8 given observed responses
Xy,...,X and the z,,...,z, covariates

|:ﬁ P(Xi |(9):|¢((9 | ﬂ(z1"ZK)vZ)

i=1

PO1%-%,2..2¢) = P(%.X 12,..2)
RARIC UL

The posterior distribution of 0 is central to many
subsequent calculations, it is used to calculate
posterior means and variances (and finally PV’s)

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary
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DESI Measurement model, 1

The DESI measurement model is

» A composition of standard one -
dimensional IRT models for multiple
scales.

» Each item measures only one scale

e That means simple structure

Which implies a factored likelihood

Matthias von Davier: DESI Theory and Practice 1
ETS Confi & Proprietary

DESI Measurement model, 2

* For dichotomous multiple choice items,
often the 3PL is used

 For dichotomous constructed response
items, the 2PL should be used

» For polytomous items, the generalized
partial credit model (GPCM) is used

* One can use the Rasch model as well
(Conquest, PISA, and TIMSS in 1995)

Matthias von Davier: DESI Theory and Practice 1
ETS Confi & Proprietary

DESI Measurement model, 3

* |RT estimation is carried out before the
DESI latent regression is estimated

» -> jtem parameters are considered as fixed
and known constants in DESI, not as
estimated quantities

« Adams, Wilson and Wu show that impact
is minimal for the Rasch model case

» Patz & Junker talk about adopting a divide
and conquer strategy

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

This is roughly DESI Phase 1

* Read in item parameters from previous
IRT estimation, use as fixed constants

* Read in observed responses and
covariates for each examinee

* Calculate likelihood L(x;..X|&)~P(X;..x,|6)
for each examinee, store for next phase

» Calculate covariance matrix of covariates,
KOV(z,..z«) and store for next phase

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

DESI Population model, 1

» The population model describes the
relationship between covariates
(background variables) and the ability
distribution.

» In DESI it is assumed that a latent
regression can be used to describe this
relation

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

DESI Population model, 2

The regression is latent since the dependent
variable is not directly observed

Recall that we only have:

{ﬁp(x |e)}¢(e|y<z1--zK),z)

i=1

PO1%.%,2.2¢) = P(x.X |2,.2,)
SRR

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

414




DESI Population model, 3

Instead of an observed dependent variable, we
use the posterior mean and posterior variance
in the regression estimation

EO° |%.%2.2,) = [0°P(O ] %%, 2,..2,,)d0
4
V(O1%-%,2,.2) =E(07 | %..2,) ~(E(O] %..2))

Matthias von Davier: DESI Theory and Practice 1

ETS Confi & Proprietary

DESI Population model, 4

For the regression in question, we have the usual
system that relates a linear combination of the
covariates for each examinee n to the posterior
mean of this examinee

K
E(O] Xy Xy ZogZo ) = Zﬂkznk te,
k=1

The £ are regression coefficients that have to be
estimated, which is roughly what Phase Il of
DESI does.

Matthias von Davier: DESI Theory and Practice 1

ETS Confi & Proprietary

DESI Estimation

DESI uses an Estimation — Maxi-mization
(EM) algorithm, a standard tool used a lot
for IRT and other latent variable model
estimation problems

» E-step: Estimate posterior means and
posterior (co-)variances

* M-step: Maximum likelihood estimates of
the latent regression parameters

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

DESI Estimation, E-step

E-step estimates posterior means and posterior
(co-)variances:

+ Calculation of posterior moments requires
potentially multidimensional (numerical)
integration

« There are many ways to do that, approximate
solutions, smart integration methods, not so
smart brute force methods or Monte- Carlo
methods

« More about different E-step versions next time

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

DESI Estimation, M-step

The M-step in DESI uses posterior means
and covariates to estimate regression
parameters. It is assumed that we can use
the OLS estimator.

e OLS estimator is f= (Z72)1Z7®, with
posterior mean vector (matrix) &

* The X estimator is the sum of the
regression error variance V(g) and the
average posterior variance E(V(4x;..z,))

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

DESI Estimation, EM-cycle

The E-Step produces preliminary estimates
of the posterior means and variances
given previous regression parameters

The M-step produces preliminary estimates
of the regression parameters given the
previous E-steps estimates of posterior
moments

This cycle is repeated until parameters
converge or a predetermined maximum of
cycles Is reached

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary
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EM is roughly DESI Phase Il

The EM cycles can be time consuming, but modern
hardware allow samples of 200,000 students or
more with 500 background variables and 5 math
scales:

« Computational cost is not an issue any more,
large samples of students are fine

* More of an issue are small student samples with

large numbers of background variables,
numerical instabilities can result.

Matthias von Davier: DESI Theory and Practice 1

ETS Confi & Proprietary

Drawing Plausible Values

* NAEP and other survey assessments report
subgroup estimates, not individual scores

Covariates are used to incorporate reporting
variables and other auxiliary information into a
comprehensive model where they help avoiding
biased group estimates

* NAEP uses multiple imputations derived from
the DESI model estimates to generate subgroup
means, variances and other statistics

Matthias von Davier: DESI Theory and Practice 1

ETS Confi & Proprietary

Plausible Values ~ Phase Il

* Plausible values (PV’s) are multiple
imputations drawn from examinee
posterior distributions

 Plausible values together with sampling
weights are also used to estimate
variances of the reported statistics

 This is done outside of DESI, DESI just
generates the PV's using the posterior
moments we talked about

Matthias von Davier: DESI Theory and Practice 1

ETS Confidential & Proprietary

Recall Prior*Likelihood = Posterior
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Matthias von Davier: DESI Theory and Practice 1

ETS Confidential & Proprietary

Testing versus Survey Assessments

« Individual testing provides a narrow likelihood
based on many items, provides a lot of
information
— prior does not matter much
— population needed neither needed nor wanted

« Survey assessments use fewer items, the
likelihood is broader, represents less
information
— priors matter, covariates of proficiency are useful
— population model providing priors is essential

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

Ed. Surveys: Prior Information, M=1.0
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Matthias von Davier: DESI Theory and Practice 1

ETS Confidential & Proprietary
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Ed. Surveys: Prior Information, M=0.0
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Matthias von Davier: DESI Theory and Practice 1

- ETS Confi & Proprietary

Ed. Surveys: Prior Information, M=-1.0
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Matthias von Davier: DESI Theory and Practice 1
ETS Confi

& Proprietary

Prior Information, M=-1.0, and
Likelihood M=-1.0 (below average Joe)
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Matthias von Davier: DESI Theory and Practice 1

2 ETS Confidential & Proprietary

Il Priors are estimated, not fixed !!!

* Many average-Joe cases go into the prior
« Easy(?) to see in multiple-group models
« In latent regressions, the average effect of
background variable on posterior is estimated
« Likelihood and prior do not need to agree
— If not, posterior moves away, given information
— If in agreement, prior*likelihood works like a charm
 'borrowing information' from similar cases is
the key concept

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

Plausible Values ~ Phase Il

» DESI provides estimates of subgroup
means based on PVs for user defined
grouping variables

» PVs are a means to an end, not optimal
for anything, but very good for many types
of analyses

» Many background variable effects are
represented in PVs, allows analyses using
these without bias

Matthias von Davier: DESI Theory and Practice 1

2 ETS Confidential & Proprietary

Summary

Latent regression model extends IRT

Allows the estimation of effects of
background variables

* Provides average effects based on
sample correlations between 6 and BQ

 Used for prior distributions, borrowing
information from similar cases

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary
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Tuesday 26 May, 2009

09.30 — 11.00 Introduction and Overview
Presentation: Sampling and weighting
11:00 — 11:30 Coffee break

11:30 - 13:00 Presentation: Estimation of sampling variance

Practice session: Calculating sampling variance

13:00 — 14.00  Lunch break

14.00 - 15.00 Presentation: Using SPSS for the estimation of sampling variance
Practice session: Learning how to use SPSS module

15:00 — 15:15  Short coffee break

15:15-16.00 Practice session: Reproducing tables from report in international studies
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Wednesday 27 May, 2009

09.30 - 10.30

11:00 — 11:30

11:30 — 13:00

13:00 - 14.00

14.00 - 15.00

15:00 - 15:15

15:15 -16.00

Presentation: Scaling methodologies used in international studies

Practice session: Estimation of combined measurement and sampling error
Coffee break

Practice session: Analysis of plausible values

Lunch break

Presentation: Regression analysis

Short coffee break

Practice session: Estimating regression models with large scale survey data

Thursday 28 May, 2009

09.30 — 11.00

11:00 - 11:30

11:30 — 13:00

13:00 — 14.00

14:00 — 15.00

15:00 - 15:15

15.15 -16.00
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Concepts: Multi-level modelling

Introduction to software packages for multi-level modelling

Coffee break

Practice session: Estimating multi-level models with large scale survey data
Lunch break

Practice session: Comparing multi-level and single-level regression results
Short coffee break

Conclusion and open discussion
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168
Sampling ‘ang;WeSi‘gq)@ging

Sample versus Census - 2 k

« Several ways of drawing a sample
« Two major principles:
— Avoiding bias in the selection
« Randomness
« Sampling frame covers the population adequately
« Ensuring the varying probabilities of selection are
reflected = weights
— Achieving maximum precision, given a set of
constraints (time, funds, and so on)

A

Using weights with SRS

« The sum of the weights always rebuilds
the size of the population

anwi =ZE=N

n
= i1 N

Topics of this presentation

» Sampling in large-scale data
surveys

» Computation of sampling
weights

» How to apply replication
methods

Sample versus Census - 1 k

 Surveys usually draw a sample
because a census:
— Requires unavailable budgets
— Time consuming and thus incompatible
with deadlines
— Does not necessarily bring additional
and required information

Selecting a simple random
sample

¢ An SRS gives an equal probability of
selection for each n selected from
population N which is

pi:ﬁ

» and each selected n has a weight of

Using weights with SRS k

« Since the weights are the same
for all selected members of the
sample, weighted and unweighted
means are identical:

n n n
WX WYX DX
~ _ =1 _ i=1 _ =l
Hexy =0 =

D, w, anl n
i=1

i=1

woL_N_40_
p, n 40
Student surveys L

» Simple random sampling generally too

expensive and often impossible.

— Often no central database for sampling of
individual students

— Use of SRS is impractical for survey
administration.

— No link of students to classrooms or schools
available.

Therefore, two-stage designs common,

where schools are selected at first stage

and students or intact classrooms at the

second.

Two stage sample L

* n schools are selected from a
population of N schools
— = what is the probability of a particular
school to be drawn?
» Within school i, n; students or n;
classrooms are drawn from a population
of N; students or N; classroom

— = what is the probability of a particular
student in school i to be drawn?
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An example of a two stage k
sample
¢ Let us imagine:
— a population of 10 schools
— Within any school, there are 40 students
— So the educational system counts 400
students
4 schools are drawn according to a SRS
procedure
10 students within the 4 selected
schools are selected according to a
SRS

Two-stage probabilitieL

« Four schools selected out of 10
n 4
P ===
N 10

SC

¢ 10 students selected within each school

n, 10
P2y = I = 0 =025

Weights summary k

School | School ~ School ~ School ~ Within ~ Within  Final Final ~ Sum of

label size prob.  weight school school student student final
prob. _weight prob. weight weights

1 40

2 40 0.4 25 0.25 4 01 10 100

3 40

4 40

5 40 0.4 25 0.25 4 01 10 100

6 40

7 40 0.4 25 0.25 4 01 10 100

8 40

9 40

10 40 0.4 25 0.25 4 0.1 10 100

Total 10 400

Final weights (SRS two-stage) k

« The final selection probability is

— _ I’1scni
Pij = P1_iPa_jj 7N5(:Ni
« and the final total weight is the
product of school and student weight
or the inverse of the selection
prbmbitie

w, == =110
Py 0.1

Different school sizes k

School | School ~ School ~ School ~ Within ~ Within  Final Final ~ Sum of
label size prob.  weight school school student student final
prob.  weight rob.  weight weights

1 10

2 15 04 25 0.66 15 027 375 375

3 20

4 25

5 30 04 25 033 3 0.13 75 75

6 35

7 40 04 25 0.25 4 0.1 10 100

8 45

9 80

10 100 04 25 0.1 10 0.04 25 250
Total 400 10 462.5

Different school sizes L

School | School ~ School ~ School ~ Within ~ Within  Final Final ~ Sum of
label size prob. weight school school student student final
prob.  weight rob. _ weight _weights
7 40 0.4 25 0.250 4 0.10 10.00 100.0
8 45 0.4 25 0.222 45 0.88 11.25 1125
9 80 0.4 25 0.125 8 0.05 20.00 2000
10 100 0.4 25 0.100 10 0.04 2500 _ 250.0
Total 10 662.5

From SRS to PPS Sampling L

¢ As school sizes differ across
schools, then:
— student weights will vary across

schools.
« In smaller schools, probability of selection
is higher.
« In larger schools, probability of selection is
lower.

— Very large uncertainty on the student
population estimates = population
estimates will have a large sampling
variance

422

Different school sizes k

School | School ~ School ~ School ~ Within ~ Within  Final Final ~ Sum of
label size prob.  weight school school student student  final
prob. weight __prob. _weight _weights
1 10 04 25 1 1 0.4 4 40
2 15 04 25 0.66 15 0.27 375 375
3 20 0.4 25 05 2 0.2 5 50
4 25 0.4 25 0.4 25 0.16 6.25 62.5
Total 10 190

Sampling with school probabilities .
proportional to size (PPS)

« Larger schools get a higher probability of
selection than smaller schools...

...but students in larger schools have a
smaller within-school probability of being
selected than students in small schools,
and...

the school and within school weights differ
between schools, but final student weights
do not vary (‘self-weighted sample’).




School weights with PPS k
sampling

Probability of a school to be selected is
equal to the ratio of the school size
multiplied by the number of schools to
be sampled and divided by the total
number of students in the population:

— Ni *nsc

p17| N

PPS sample of schools k

School | School ~ School ~ School ~ Within ~ Within  Final Final ~ Sum of
label size prob.  weight school school student student final
prob.  weight rob.  weight _weights
1 10
2 15
3 20 0.2 5.00 0.500 20 0.1 10 100
4 25
5 30
6 35
7 40 0.4 2.50 0.250 4.0 0.1 10 100
8 45
9 80 0.8 125 0.125 8.0 0.1 10 100
10 100 1 1.00 0.100 10.0 0.1 10 100
Total 400 9.75 400

Different school sizes k

School | School ~ School ~ School ~ Within ~ Within  Final Final  Sum of
label size prob.  weight school school student student final
prob. _ weight rob.  weight weights
1 10 01 10 1 1 0.1 10 100
2 15 0.15 6.7 0.67 15 0.1 10 100
3 20 0.2 5 0.5 2 01 10 100
4 25 0.25 4 0.4 25 0.1 10 100
Total 25.67 400

Different school sizes k

School | School ~ School ~ School ~ Within ~ Within  Final Final ~ Sum of
label size prob.  weight school school student student final
prob. _ weight  prob.  weight _weights
7 40 04 25 0.25 4 01 10 100
8 45 0.45 22 0.2 45 01 10 100
9 80 08 125 0.125 8 01 10 100
10 100 1 1 0.1 10 0.1 10 100
Total 6.97 400

PPS sample of schools k

« With a PPS sample of school:
— Self weighted sample of students
— Rebuild the student population
* But
— Large variability of the school population
estimate

* = Use of a systematic procedure

PSS Sampling example (samp
interval 100, start 75.2)

School | School ~ From To Part of
label size  student student the
number _number _sample
1 10 1 10 No
2 15 11 25 No
3 20 26 45 No
4 25 46 70 No
5 30 71 100 Yes
6 35 101 135 No
7 40 136 175 No
8 45 176 220 Yes
9 80 221 300 Yes
10 100 301 400 Yes

PPS Sampling - summary L

» More efficient way of sampling
— Reduction of schools
— Reduction of variation in weights
« Weights may still differ because of ...
— Over- or under-sampling of some strata
in the population
— Lack of accuracy in measures used for
selection of sample
— Adjustments to weights for school and
student non-response

Possible weight componentL

School base weight
School weight trimming factor (to avoid
extremely large or small school weights)

Student or Classroom base weight
School non-response adjustment
Student non-response adjustment

Final student or classroom weight
trimming factor (to avoid final student
weights more than four times the median)

School-level weights L

The School base weight (for PPS samples) is
the population size over the number of sampled
schools multiplied with the school size:

N

BW, =— 2
n.*N

The school non-response adjustment is the
number of sampled schools over the number of
participating schools (in PISA: schools weighted
with size): n

— ¢

adj
P
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Student-level weights k

The Student base weight is the population

size over the number of sampled students

multiplied with the school size: awi = Na
L=

The student-level non-response
adjustment is the number of sampled (and
eligible) students within a school over the

number of participating students: S = n!

st
adj

n

i
)

A

Final sampling weight

¢ The final student weight (in simple designs) is
equal to multiplying school and student base
weights and the non-response adjustments:
Vvi = BWslc *Scadj * BWslt *Stadj

« Final student weights are often (but not always)
the same within schools!

» Population size can be estimated by summing
students weights within and across schools

A

Questions?

Summary of Weighting k

One-level SRS sampling usually not
appropriate for student surveys.

PPS sampling more efficient than Two-
level SRS.

Weights do vary across
students/schools.

Generally, analysis of large-scale
survey data should use sampling
weights!!!

Practice Session - weighting k

Generated data with 998 schools and
99,479 students in population
Variables are

— SCORE: Achievement score with mean of
500 and SD of 100

— GENDER of students

— SES: Socio-economic status index with
mean of 0 and SD of 1

— PROG: General vs. vocational study
program (1, 0)

A

Your task

* Please compute the sampling weights
for this sample
—WGT_EXMPL_DATA.SAV (96 schools)

« Student-level weights can be computed
at school level

« Only participating schools in data!

Sampling design k

PPS sample
Explicit stratification: PROG

Implicit stratification: High/low SES
schools

50 schools per explicit stratum

30 students randomly selected per
school

Schools sorted by enrolment

Variables in datafile L

POPSIZE: Population size of each explicit
stratum

NSCHOOL: Number of schools in sample
ENROL: Number of enrolled students at
each school

STUDSMP: Student sample size within
schools

SPAR: Number of participating students
within schools
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W

eights (within explicit strata) L
School base weight:
—POPSIZE / (50 * ENROL)
School non-response adjustment
—50/PSCHOOL
Student base weight
—ENROL / STUDSMP
Student non-response adjustment
— STUDSMP / SPAR
Final student weights
— Product of all four weights
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Check of results

* Compute SUMWGT

— Product of Final weight and participating

students (SPAR)
Weight by SUMWGT
— Frequency of PROG
— Compare with table:

PROG
Cumulative
Frequency | Percent | Valid Percent Percent
Valid .00 42022 42.2 42.2 422
1.00 57457 57.8 57.8 100.0
Total 99479 100.0 100.0

A
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Simple Random Sample (SRS)

« A sample is random if all the individuals in the
population have a known probability to be
selected

The sample will be simple if the individuals
are all selected independently and every
individual has the same chance of being
selected

Drawing a sample of students L

 As already mentioned, for practical,

conceptual and financial reasons, SRS

is not appropriate

Cluster sampling provides a more

adequate solution:

— At the first stage schools are drawn from a
sampling frame,

—then classes and or students are selected
randomly within school

Topics of this presentation

 Error components in
measurement

* Implications of cluster sampling
for the estimation of sampling
variance

» Methods to estimate sampling

variance with cluster sample
data

Error components associated
with measurement

Sampling error

— Random (-> estimation of sampling error)

— Systematic (e.g. non-response bias)

Measurement error

— Random (-> reliability, multiple
imputation)

— Systematic (e.g. unfavourable test
conditions)

A

Sampling variance

In the case of a SRS, the sampling variance
is:

— proportional to the variance

— inversely proportional to the sample size

The standard error can be obtained from the
variance in the population and the sample
size

However, the variance in the population is
(typically) not known

Cluster sampling (1) L

0000000000000000000
I |
OO0 ooo0 O O

oo o o o 1o a 0
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Calculation of Standard Errork

« As we don’t know the variance in the
population, the SE for a mean of 6
as obtained from a sample is
calculated as &

i

SE, =
" n

« similarly, the SE for a percentage P

is calculated as PQ
SE; =, —
n

Cluster sampling (2) L

The variance in a cluster sample consists of
Between-school and Within-school variance
In an infinite population of clusters and an
infinite population within clusters, and if the
sample sizes m are equal within | sampled
clusters, the variance is:

¥ =d‘:_ "':-_.ﬂ
@ g Pm




Cluster sampling (3) k

Comparison with a SRS:

« For example, 150 schools with 35
students per schools. Expected STD=
100

_ 4000 SO0

2= + =26.667 +1.143 =I7.8
“® =10 "1sov3s

a(,”=%+1m

=150

School and Within school variancek
(Reading Pisa 2000)
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Types of replication methods k

» Jackknifing

—JK1 (only recommended with no
information on sampling design)

—JK2 (TIMSS 1995, 1999,2003, PIRLS,
CivEd 1999)
» Balanced Repeated Replication (BRR)
-BRR
— Fay’s Method (applied in PISA)

How to estimate sampling
variance for complex designs?

 Design so complex that there are no

formulae, even for a mean

— Multilevel analysis (tends to overestimate
the sampling variance for stratified
samples)

— Taylor series linearization (requires data
on stratification, e.g. STATA)

— Re-sampling methods

« Bootstrap methods.

« Replication methods (e.g. WESVAR, AM but
can also be programmed in SPSS or SAS).

Jackknife for unstratified k
sample

Replicate RL [ Rz [ Ra [ Ra | RS | Re | R7 | R8 | RO | R10

school1 [000 [111 111 [111 [1m1 [111 |11 [1m [1m [am

school2 [111 [000 111 [111 [1m1 [111 [111 [1m [1m [am
School3 [111 [111 000 [111 [111 {111 |11 |11 111 [111
School4 [111 111 [111 [000 [111 |11 [111 [111 [111 [111
School5 [111 [111 111 [111 [ooo [1a1 |11 |11 [1m [1m
school6 111 [111 111 [111 [111 [ooo [111 [111 |11 [1m
School7 [111 111 [111 [1a1 [111 {111 [ooo [111 111 |11
School8 [111 [111 [111 [111 [111 [111 [111 [000 |11 |111
School9  [111 [111 111 |11 |11 111 [111 {11 [ooo |11
School10 [1a1 [1a1 111 |11 |11 111 |11 [11 [111 [o.00

Balanced Repeated Replication (BRR) L

Jackknife for stratified sample k

Pseudo- | schoal Rl Rz |Re |Re |ms |Re |wi |Re |Re R0

20 0

Fay’s variant of BRR L

Replication Theory L

« Variance estimators generally take the form
G ~
of Var,,(0)=c)" [Qk - 9]2
=t

* 0 is the parameter of interest

« G is the total number of replicates with k
denoting the k-th replicate

¢ cis a constant that depends on the method
— For JK1, ¢ = (G-1)/G
— ForJK2,c=1
— for BRR, c = 1/G
— for Fay’s BRR, ¢ = 1/(G(1-k?))




Computing sampling variance in.
PISA

¢ In Pisa
— Fay’s method
— 80 replicate weights in data file
— Perturbation factor k is 0.5
— ¢ =1/(80(1-0.5)?) = 0.05

2 LS G0t S Gy - - S G0
2o 1 Sa gre L Ra a2 18
T o =t 8000575 0570

* To compute sampling errors, one needs to
estimate once with the full PISA weight and
80 times with each replicate weight!

A

Questions?

Computing sampling variance in.
CIVED, TIMSS or PIRLS

* In |EA studies

— Jackknife (JK2) method

— 75 replicate weights in data file

-c=1

To compute sampling errors, one needs to
estimate once with the full PISA weight and
75 times with each replicate weight!

Example for practice - 1 k

* Compute Standard errors based on
example with Jackknife (JK2) replication
(generated data)

* Please open SPSS file
— REPLICATES_EXAMPLE.sav

 Variables in File

— Mean of achievement scores for each
replicate weights (SCORE)

— Mean of achievement scores with full
sample weight (SCORE_FW)
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How can we achieve this?

Special software

—WESVAR (Westat)

—AM (AIR)

Macros (requires syntax handling)
—SPSS

—SAS

IEA Database Analyser

SPSS Analysis module

— Based on SPSS macros but menu-driven

Example for practice - 2

« Compute squared difference between
scores with replicate weights and full
sample weight

« Compute sum and multiply with correct
constant (for JK2 = 1)

A
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v . .
167 - 14 Lot Rationale for IRT scaling of data The ‘Rasch model
=1 a?és 'L‘k }“, 1 * Models the pro_bability to respond
Scaling methodology o - Summarising data instead of correctly to an item as
18 g9v dealing with many single items X =1 exp(ﬁn 7§i)
o 391° ‘: » Raw scores or percent correct (X =1)= 1+exp(0, -5,)
,,,,, ) : sample-dependent « Likewise, the probability of NOT
« Makes equating possible and can responding correctly is modelled as
deal with rotated test forms 1
P(Xy=0)=
1+exp(d, -4))

IRT curves k k Some examples k

Some examples

— Student Item Probability Student Item Probability
1 Student Item Probability
ability Difficulty of success ability | Difficulty | of success ability | Difficulty | of success
-2 -3 0.73 -2 -1 0.27
-2 -2 0.50
1 1 050 1 2 0.73 1 -0 0.27
05 o o 050 0 1 073 0 1 027
1 1 0.50 1 0 0.73 1 2 0.27
2 2 0.50 2 1 0.73 2 3 0.27
0 T T T T T T T
-4 3 2 1 0 1 2 3 4

Some examples L Anchoring of tests L ' > L

Stud I Probabil Stud I Probabil .
abily | Dificuly | of success | | abity | Diffeity | of sucoess « The Rasch model allows to derive
2 4 0.88 2 0 0.12 comparable scores for two different Example of
1 3 088 E} 1 012 _assessment via the inclusion of “anchor” anchoring
0 2 088 0 2 012 items. ) ) between
» Anchoring can be used across time (e.g. grades 4
! * 088 ' 8 02 repeated surveys) but also across and 8
2 0 0.88 2 4 0.12 different population assessments (e.g.
grades)
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A

3 Parameter model

» Three-parameter models have
additional parameters for item
discrimination and guessing:

1-¢

P(xij =:u'9|vaubuci) =Gt
1+exp(-1.74,(6, —b;)

Comparisons of the ICC curves k

Partial Credit Model —
probabilities k

Probabilty

THETA

Strongly Agree Agree  Disagiee  Strongly disagree

IRT models for poytomous items k

» Extension of Rasch model with additional
step parameters t

Rating scale model has equal step
parameters across items

Partial credit model has different step
parameters for each item

exp (0, - (6, +7,)

PO)=— T % =012,..m,
D exp (0, - (5 +7y))
h=0 j=0

Partial Credit Model — threshold k
curves

1

Probabilty

THETA

Strongly Agree Agree  Disagree Stongly disagree

Maximum Likelihood vs. Raw L
Score

Score

S A N

Proficiency

How might we impute a
reasonable proficiency value?

* Choose the proficiency that makes
the score most likely

— Maximum Likelihood

— Weighted Likelihood

Choose the most likely proficiency
for the score

— empirical Bayes

Choose a selection of likely
proficiencies for the score

— Multiple imputations (plausible values)

The Resulting Proficiency
Distribution

Proficincy on Logit Sele
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Characteristics of MLE L

Unbiased at individual level with
sufficient information BUT biased
towards ends of ability scale.
Arbitrary treatment of perfects and
zeroes required

Discrete scale & measurement error
leads to bias in population parameter
estimates




Weighted Likelihood
Estimation k

WLE maximizes the weighted likelihood, wL, where
w is the weight function.
Solve for each case

i

% being the bias for the ML estimates

k 2
y ; : : Pyi
with | being the Information function =
9 ; Pa(l-pa)

Pyi Pyi
and J=
25 p)

Characteristics of WLE k

* Less biased than MLE

» Provides estimates for perfect and
zero scores

e BUT discrete scale & measurement
error leads to bias in population
parameter estimates

Plausible Values k

* What are plausible values?
« Why do we use them?

« How to analyse plausible values?

Purpose of educational tests k

* Measure particular students
(minimise measurement error of
individual estimates)

* Assess populations
(minimise error when generalising
to the population)

Posterior distributions L
for test scores on 6 dichotomous item

[
! \

| 4
O\ A

Prof cieney on Log Sals

Empirical Bayes - EAPs k

Proficiency on Logit Seale

Characteristics of EAPs L

» Biased at the individual level but unbiased
population means (NOT variances)

« Discrete scale, bias & measurement error
leads to bias in population parameter
estimates

* Requires assumptions about the
distribution of proficiency in the
population

Plausible Values L

Characteristics of L
Plausible Values

 Not fair at the student level

* Produces unbiased population
parameter estimates
— if assumptions of scaling are reasonable

* Requires assumptions about the
distribution of proficiency
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Estimating percentages below
benchmark with Plausible Values

Level One Cutpoint

B ra 1.5 0.3 0.8 z
The proportion of plausible values less than the
cut-point will be a superior estimator to the EAP,
MLE or WLE based values

A

« Mathematically computing posterior
distributions around test scores

« Drawing 5 random values for each
assessed individual from the
posterior distribution for that
individual

Methodology of PVs

A

Multi-dimensional scaling

4 scales for major domain => 4 abilities
for each person, 0,, 6,, 6; and 6,

» Covariance between the abilities can be
estimated.

* Itis assumed that only one ability is
drawn upon for answering a particular
item.

What is conditioning? k

* Assuming normal posterior distribution:

* Model sub-populations:

X=0 for boy | ..
X=1for girl |°%

Conditioning Variables k

Plausible values should only be analysed
with data that were included in the
conditioning (otherwise, results may be
biased).

Aim: Maximise information included in the
conditioning, that is use as many variables
as possible.

To reduce number of conditioning variables,
factor scores from principal component
analysis can be used.

Use school means of performance takes
between-school variation into account (no
inclusion of school questionnaire data
needed)

Results from analysis with L
simulated data

« Simulation used to test bias in WLE, EAP

and PV estimates

Generating item responses

— True abilities are known

— True relationships between abilities and
background variables are known

— Within- and between school variances are
known

Simulated item responses were used to

estimate WLEs, EAPs and PVs with

ConQuest

Plausible values k

Model with conditioning variables will improve
precision of prediction of ability (population
estimates ONLY)

Multidimensional models improves estimates,
through using information about correlation
between dimensions.

Conditioning provides unbiased estimates for
modelled parameters.

For tests with more than one dimension multi-
dimensional scaling is recommended.

Outcomes of simulation studies - 1 L

 MEAN:
WLE, EAP and PV unbiased
« SD and PERCENTILES:
WLE overestimated
EAP underestimated
PV unbiased

432

Outcomes of simulation studies - 2 L

« CORRELATION COEFFICIENT:
WLE underestimated
EAP-C overestimated
PV-C unbiased

REGRESSION COEFFICIENT:
WLE, EAP-C, PV-C unbiased

But RESIDUAL VARIANCE:
WLE overestimated

EAP-C underestimated
PV-C unbiased




Calculating of measurement k
error

¢ In PISA, TIMSS or PIRLS data files,
there are five plausible values for
each cognitive domain

« Using five plausible values enable
researchers to calculate estimates of
the measurement error

How to analyse PVs - 1 k

« Estimated mean is the AVERAGE
of the mean for each PV

M

» Sampling variance is the
AVERAGE of the sampling

variance for each PV

2 l S 2
i === 2. @5

(@) ()

ME

How to analyse PVs - 3 k

¢ ucan be replaced by any statistic
for instance:
-SD
- Percentile
- Correlation coefficient
- Regression coefficient
- R-square
- etc.

How to analyse PVs - 2 k

* Measurement variance computed
as:| | 1 o& . 2
O(pv) =Eg(ﬂv ’/4)
« Total standard error computed from

measurement and sampling
variance as:

1
_ |2 1y
B4y =000 + L+ M )y

Practice 1 L

» Compute combined standard error for
Science achievement in Australia (PISA
2006)

— Example_PVs.xls

Steps for estimating both
sampling and measurement error

« Compute statistic for each PV for fully
weighted sample

Compute statistics for each PV for 80
replicate samples

Compute sampling error (based on previous
steps)

Compute measurement error

Combine error variances to calculate
standard error

Steps L

Compute overall results as average of

five plausible values

Compute overall sampling variance

from average squared SEs for each PV

Compute measurement variance

— Sum of squared deviations from average
times 1/(M-1) = 0.25

Compute combined standard error

— Square root of overall sampling variance +
measurement variance times 1.2
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A

Questions?

Practice 2 L

* Reproducing parts of PISA 2003 report,
table 2.5c, page 351 (Maths
performance)

— Means (PV)

— Standard deviation (PV)

— Mean by male/female (PV)
— Difference male/female (PV)
— Percentiles (PV)




Practice 3 k

» Reproducing TIMSS 2003 report, page
16, exhibit 1.1 (Maths performance)
— Means (PV)
— Mean by male/female (PV)
— Difference by male/female (PV)

Practice 4 k

* Reproducing PISA 2003 table 2.5a,
page 349 (Maths proficiency levels)
— percentages for each proficiency level (PV)

PISA reporting of achievement by
guartiles of questionnaire indices

In PISA reports achievement means by
quartiles of questionnaire indices

To ensure equal distribution random
error is added to questionnaire index
scores

No exact replication possible

SPSS module provides tool for
producing results

A

Practice 5

¢ Reproducing PISA 2003 report, table
4.2e, page 387

— Recode FAMSTRUC into single-parent vs.
others

— Group percentages
— Maths performance by groups
— Difference by groups

Practice 6 k

* Reproducing parts of PISA 2003
international report, table 3.7, page 368
(variable MATHEFF, MATHS)

— Means
— Performance by quartile

Practice 7 L

¢ Use one PISA 2006 country data set
(e.g. Hong Kong data) to compute effect
sizes plus standard errors for
— Gender (make 0, 1 variable)
— Reading

Effect Sizes k

Instead of comparing absolute
differences researcher may want to
report standardised differences:

:[ﬁ_/}z

/o-f+o-22
2

SPSS replicates enables researchers to
estimate standard errors for single
variables and plausible values

Relative Risk - 1 L

* Measure of association between an
antecedent factor and an outcome
factor based on 4X4 table

« Calculation requires dummy variables
(coded 0 and 1).

« For example, the outcome variable
might be reaching a performance
benchmark (yes=1) and the antecedent
a student’s gender (female=1)

Relative Risk Ratio - 2 L

Outcome measure
Yes No Total

At Yes P Pi P

ntecedent No

plo Pa Pz P
Total P, P, p

434

(Pa!Pp,)

¢ The resulting value how much more
likely a respondent would fall into the
category given the antecedent

RR o Pu/py)




Practice 8 k

* Use one PISA 2006 country data set
(e.g. Hong Kong data) and create
dummy variables for each plausible
value (Reading) for the proficiency level
3 and above (> value 480.2)

« Create five gender dummies (G1 to G5)
with male as 1 and female as 0

» Save dataset and use SPSS Replicates
Module
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Regression analysis

7510

A

Regression is...

» Explaining the distribution of a
dependent variable Y with...

« the distribution of one or more
independent variables X,, X,, ..., X,

Types of regression modelsk

« Linear regression

« Non-linear regression

« Logistical regression

« Time Series Regression

« Multi-level Regression (linear and
logistical)

Regression can be...

Bivariate with just one predictor
Multiple with various predictors

Path analysis, when there is more than
one dependent variables
Non-recursive, when two variables are
both dependent and independent with
respect to each other...

A

The linear OLS (Ordinary Least
Squares) regression model

« Regression equation

Yi =6+ B X +¢&
e Error term

& ~N(0,0°)

Graphical display of regression k
equation

Vo of ¥

Vsl of

Regression equation

Y =5+4X

¢ This equation can be graphically
represented by a straight line

« A equation with 2 variables (X, Y)
can be represented in a two-
dimensional space

Linear regression is based on: L

* Means: o2 X
N

» Variances: X X

var(x) = z

N-1
« Covariances: o o
X =X)Y =Y
cov(x, y) = 2K XN V)

N-1

Regression Parameters L

« Coefficient; . 2X X -)
(X -X)?
« Intercept: a=Y -bX

» Predicted Y: Y =a+bX

¢ Residual: e=Y-Y
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Partitioning of Variance k
Y consists of Y=Y +(Y =Y)+(Y-Y)

Var(Y) is >y =85, + S5,

. Oy’

Explained variance: fy = Z 7 7
XYy

Unexplained variance: ss,, = (1-r})s’

Multiple Regression k

* Equation becomes
Yi=a+ X, +[,X,+¢g

« Partial coefficients with standardised
scores can be simply calculated as

* ryl - ryzrlz
B=25"
-1

ryZ - ry1r12

¢ and B =
foln

Tests of significance k
(simple random samples)

» F-Test for regression F = M
g S, /N —k —1

« t-test for parameters t=?
b

+ SE for parameter s - %
\ X

Equation with two predictors: .
Y=5+2X,+3X,

Assumptions of linear L
regression

« Linearity of relationship

 Continuous nature of (at least) the
dependent variable

« Normality of distributions

* Homoscedasticity

» Absence of multicollinearity
(independent variables not being highly
correlated with each other)

Heteroscedasticity .

« Heteroscedasticity is caused by non-normality of one of
the variables, an indirect relationship between
variables, or to the effect of a data transformation.

Heteroscedasticity with skewness

Homoscedasticity with both
on one variable

variables normally distributed
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Standardised Coefficient k

» Regression coefficients can be
standardised as: B b Sy
SV
« In bivariate regression this is equal to
_cov(X,Y)
xy . .
5,8,
« Or a regression between

standardised variables 2, =2

How to judge whether a model is k
good?

« Explained variance proportion as
measures by R Square.

« Size of regression coefficients.

« Significance tests (F-test for model, t-
tests for parameters).

« Inclusion of all relevant variables
(Theory!).

« Is method appropriate?

Analysis of residuals L

¢ Usually done with standardised

residuals LY _y

Sy

« Detect outliers (extreme values can
distort estimates)

¢ Check random and even distribution




Multicollinearity - 1 k

* Means that one or more independent
variables are linear combination of other
independent variables

This can distort the estimation of
coefficients

Can lead to large standard errors for the
coefficients

Multicollinearity - 2 k

No ‘scientific’ rules

Check correlation between independent
variables

Use multicollinearity statistics (VIF, Tolerance)
Deletion of variable may lead to
misspecification of models

Sometimes variables can be combined (for
examples Mother's and Father’s education)

Use of Dummy Variables k

« Dichotomous or Categorical variables
can be recoded into dummies with (0,1).

« In a bivariate case this leads to the
intercept=mean(0), slope=mean(1).

* Sometimes interaction effects can be
modelled (different slopes for different
categories).

Use of standardised
coefficients k

Often thought to be ‘easier’ to interpret.
Standardisation depends on variances
of independent variables.
Unstandardised coefficient are generally
preferable (can be translated directly).
Standardised coefficients cannot always
be compared across populations.

Curvilinear relationships k

Often relationships are not linear, but
curvilinear (e.g. homework &
performance)

¢ This can be modelled by adding a
quadratic term to the equation:

Y, =a+BX+p,X"+e

Y=-1+2X+1X? k

Y=-1+2X-1X2 L

When does linear regression .
modelling become inappropriate?

« When the dependent variable is
dichotomous or polytomous (>> Logistical
Regression).

When data are sequential over time and
variables are ‘auto correlated’ (>> Time
Series Analysis).

When context effects need to be analysed
and slopes are different across higher level
units (>> Multi-level Analysis).
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Example: SES and performanceL

Relationship between SES and the performance in Mathematic

Student performance in Mathematic

0 10 20 30 40 50 60 i 80
Student SES




SES and performance
Yi =a+pX,

« Yi=250.5 + 5.5(SES)

A

SES and Maths performance k

Relationship between SES and the performance in Mathematic

¥ =250.5+ 5.5

Student performance in Mathematic

Stdent SES

Observed, predicted and residual .

Questions?

A

Practice 1

« Estimate regression model for
GENDATA_sample.sav
— Predictors: Gender, SES, PROG
« First using normal syntax

¢ Then with SPSS module to compute
correct standard errors

scores
Students SES Observed | Predicted | Residual
score Score
! 49 463 520 -57
2 53 384 542 -158
3 51 579 531 +48
4 42 404 481.5 -77.5
5 42 282 481.5 -199.5
Practice 2 k

Reproducing PISA 2003 Table 4.3a,
page 392

— Linear regression model (PV) Maths on
ESCS

— Quadratic regression model (PV) Maths on
ESCS

— Mean, standard deviation and skew of
ESCS

— Percentage of students with ESCS < -1.

Practice 3

* Reproducing Figure 4.9, page 176

— Graph of gradient based on quadratic
regression

¢ Use EXCEL spreadsheet SLOPE.XLS

A
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Tuesday January 13

8:30 — 9:00 Registration
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9:00 — 10:30 Welcome and Introductions

Overview of Seminar and Agenda

Review of Matrix Designs in Large Scale Assessment (Gonzalez)
10:30 — 10:45 Break
10:45 - 12:15 Review of Matrix Designs in Large Scale Assessment (Gonzalez)
12:15—-1:45 Lunch
13:45 - 15:15 Matrix Designs in Large Scale Assessment (Work in Groups)
15:15 - 15:30 Break
15:30 — 17:00 Matrix Designs in Large Scale Assessment (Presentations)

Wednesday January 14

9:00 —  10:30 Review of Item Response Theory (IRT)
Uses of IRT in Large Scale Assessment (Yamamoto)
10:30 — 10:45 Break
10:45 —12:15 Item Response Theory Models (Yamamoto)
12:15 - 1:45 Lunch
13:45 - 15:15 Obtaining Item Difficulties and Person Scores (Yamamoto)
15:15—15:30 Break
15:30 — 17:00 Obtaining Item Difficulties and Person Scores (Yamamoto)
19:00 — 21:00 Group Dinner

Thursday January 15

9:00— 10:30 Population Models in Large Scale Assessments (Von Davier)
10:30 — 10:45 Break
10:45 —12:15 Population Models in Large Scale Assessments (Von Davier)
12:15 - 1:45 Lunch
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13:45 - 15:15 Using DESI to obtain Person Scores (Von Davier)

15:15 - 15:30 Break

15:30 — 17:00 Using DESI to obtain Person Scores (Group Work)

Friday January 16

9:00 - 10:30 Putting it all together (Gonzalez, Von Davier, Yamamoto)
10:30 — 10:45 Break

10:45 —12:15 Putting it all together (Gonzalez, Von Davier, Yamamoto)
12:15 Adjourn
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The IEA/ETS Research Institute

I E Rl The IEA/ETS Research Institute (www.IERInstitute.org)

@

What is it?

« Collaborative agreement between IEA and ETS

= Focus on improving the science of large scale
assessment

= Undertakes activities around three broad areas:

v Research studies related to the development and
implementation of large-scale assessments

v Professional development and training

v' Dissemination of research findings and information
gathered through large-scale assessments

IERI e 'enveTs Research institute (www. IERInstitute.org) 1

A o

Research Activities

= A “Virtual” Institute
= Research Agenda
= Make available consulting and advisory resources
to researchers and national centers wishing to
conduct policy or methodology related studies
v Identify relevant policy issues
v Identify analytical strategies most appropriate for
providing and analyzing data to address these issues
v Apply statistical techniques and other research
methodologies

Research Activities

= Research Priorities:

v' Develop a more scientific approach to the
development, use and interpretability of background
questionnaires

v' Develop new constructs that extend the policy issues
that might be addressed by these assessments

v" Improve the measurement of cognitive domains

v Investigate effects of increased emphasis on the role
of technology

v Identify thematic issues for guiding secondary

analyses
IE Rl The IEA/ETS Research Institute (www.IERInstitute.org) 2 IE Rl The IEA/ETS Research Institute (www.IERInstitute.org) 3
EA ¢ EA ¢

Training Activities

= Workshops and seminars

v Thematic

v' Making use of specific data
= Internship and fellowship programs
= Professional exchanges

IE Rl The IEA/ETS Research Institute (www.IERInstitute.org) a

A ¢

Dissemination Activities

= Sponsor a Monograph Series
v Published annually
v’ 5-7 papers
v Peer reviewed
= Receive favorable technical, substantive, and editorial
review
= Sponsor other publications that contribute to the
advancement of the field

IE Rl The IEA/ETS Research Institute (www.IERInstitute.org) 5
BA oo




Matrix Designs in Large Scale
Assessment

Eugenio J. Gonzalez
November 2008

I ER! Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

So many items, so little time...

I ER! Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

The Assessment Design

= How do we deliver the items to the population of

interest?
IER. Copyright © IEA-ETS Research Institute (www.IERInstitute.org)
EA ¢

Some Questions to Ask

= What is the purpose of the assessment?

= How broad is the content area or set of skills
covered?

= What scores will be reported?
= How much time is available to administer the item?
= How will the data be reported?
= What decisions will be made based on results?
= Number of administrations
v' Same year and over the years

IE Rl Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 3

Purpose of the Assessment

* Selection
v' Have required set of skills
= Grading
v' Have mastered contents of course
= Diagnosis
v Decide on individual treatment
= Describe population
v' Mastery of set of skills or knowledge

Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

Broadness of the Assessment

= Contents covered at grade, or up to that grade?
= How many content areas?

= What skills are measured?

= How long does it take to measure those skills?
= How many items are necessary

IE Rl Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 5




Scales to be Reported

= How many scales?
= How many subscales?
= Who gets scores on what?

Time Available for Administration

= How long does it take to perform individual tasks?
= How long will students last before fatigue sets in?
* School schedule structure

= What will teachers and school principals tolerate?
= Resources available?

IERI  comriant© teaers Research tnstiute (i ERInsttte.org) 6 IERI  comriant © teaers Research tnstiute (wunw ERInsttte.org) 7
A i A i

Reporting the Results

« Overall scale scores

* Subscale scores

* Percent correct or scale scores?
* Percents passing benchmarks

* ltem by item

* Passing / no passing

Decisions Based on Results

« Describe population?

« Describe individuals? School performance?
= Individual consequences?

= Group consequences?

= Other?
IER. Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 8 Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 9
BA oo

Number of Administrations

= How many administration will take place?

= An on-going program? Or once in a lifetime?

* Is there an item release policy?

* Risks of disclosure/exposure of the items?

« Refreshing the assessment?

= (When) Will new component(s) be introduced?

Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

Assessment Designs in LSA

= Depend on answers to previous questions
= Except for very simple cases there is no unique
solution
= The design is always a compromise between what
is desired and what is possible given specific
circumstances and resources
v Need to weigh pros and cons of each feature vs.
choosing a different one
v' Make an overall judgment of the adequacy of the
design(s)

Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 11
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Some of the Challenges...

= Domain is usually very broad

= Limited testing time (physical & psychological)

« Challenges:

v" Need to administer the items in a “sensible* design

v" Need to summarize performance on the items
v" Need to adjust for unreliability of estimates

Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

How do Matrix Designs Help?

Impossible to test everyone on everything

v' Too many people

v' Too many items

v" Too expensive

Some students are tested on some things

In large scale assessments we tend to sample
items and students

Calculations need to be adjusted using sampling
design information

Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 13

Arranging the Items

* Items are the individual questions or tasks that

make up the assessment

« Blocks are subsets of items in the assessment

v' A subset could be one, some, or all the items in the

assessment
v Blocks are generally exhaustive and mutually
exclusive
= Every item belongs to a block
« Each item belongs to only one block

IE Rl Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

BA oo

Some Concepts

The “assessment” constitutes the entirety of the

items

The “blocks” are subsets of items (also called

clusters)

The “form” is a particular set of blocks delivered to

the students in a particular order

v In paper and pencil applications we use booklet or
form

v In computer delivered assessments there is no
booklet...

Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 15

Some Choices of Designs

= Complete Matrix Designs
v Everyone takes everything
v Could have blocks in different order
v" One form or multiple forms
= Incomplete Matrix Design
v' Everyone takes part of the assessment
= Dynamic or Static
« Balanced or unbalanced

IE Rl Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

A ¢

Complete Matrix Design

(&2
IERI
A ¢

All students take all the items in the same order
v IEA Reading Literacy 1999 and 2001
* One form, 2 blocks (A and B)
v' Advantages? Disadvantages?
All students take all the items but in varying forms

v' Random or semi random: an unknown number of
forms

v Static: there is a fixed set of forms
v Advantages? Disadvantages?
Some Examples

Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 17
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Incomplete Matrix Designs

v Each student takes only part of the assessment
= Dynamic: based on performance
« Static: pre-printed or predetermined sets of items
v' Advantages? Disadvantages?
v Some examples

IERI copyriont © 1EAETS Research Institute (www.IERInstitute.org)

A o

Some Studies

= Two major organizations:

v'International Association for the Evaluation of
Educational Achievement (IEA)
+ Conducts TIMSS & PIRLS
« Major activity is comparative educational studies,

research and training

v Organization for Economic Cooperation and
Development (OECD)
= Conducts PISA
= Data collection in education and other fields
= Collects indicators to inform governments

IERI copyriont © 1EAETS Research Institute (www.IERInstitute.org) 19
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The Studies

- TIMSS
v' Trends in International Mathematics and Science
Study
= PIRLS
v' Progress of International Reading Literacy Study
= PISA

v' Program of International Student Assessment

Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

20

Overview of Studies

TIMSS PIRLS PISA
Subjects Mathematics and | Reading Science
Science literacy Literacy,
Mathematics,
Reading
Grades/age 2003: 4th /gth 4th 15-years old
Participating 2003: 49 2006: 46 2006: 57
Jurisdictions
<
IER. Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 21
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Overview of Studies

TIMSS PIRLS PISA

Cycle 4 years 5 years 3 years

Last release TIMSS 2003 | PIRLS 2006 PISA 2006

Test Booklets |12 booklets |12 booklets + |13 booklets
(last cycle) Reader

Testing time 90 minutes | 80 minutes 120 minutes

Questionnaire | Principals, Principals, Principals,
Teachers, Teachers, Students
Students Students (Parents)
(Parents)

IE Rl Copyright © IEA-ETS Research Institute (www.IERInstitute.org)

A o
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TIMSS Assessment Design

= 90 minute assessment at grade 8

« Rotated block assessment design: blocks of items
were rotated among 12 booklets.

= No student answered all items

« Students encountered booklets with both
mathematics and science items

= Each booklet contained both trend items (1995,
1999) and new items.

Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 23




TIMSS Achievement Scales

Overall Mathematics

The TIMSS 2003 Test Design

Book Pos 1 Pos 2 Pos 3 Pos 4 Pos 5 Pos 6
v' At Grade 8: Number; Algebra; Measurement; 1 ™Mo1 Mo2 S06 S07 MO5 MO7
Geometry; Data 2| Mo2 MO3 S05 S08 Mo6 M08
v' At Grade 4: Number; Patterns, Equations, and 3| Mo3 Mo4 S04 S09 M13 M11
Relationships; Measurement; Geometry; Data 4l Mo4 MOS So3 S10 M4 M12
; ' ’ ’ 5 MO5 M06 s02 s11 M09 M13
= Overall Science 6 Mo6 MO1 so1 s12 M10 M14
v At Grade 8: Life Science; Chemistry; Physics; Earth 7. so1 s02 Mo6 Moz S05 so7
Science; Environmental Science g igg :gi mgi mgg :gg zgi
v At_Grade 4: Life Science; Physical Science; Earth 0 soa S05 MO3 M10 s14 s12
Science 11 so05 S06 M2 M11 S09 s13
= Also cognitive domain scales 12 S06 S01 MO1 M12 S10 S14
<> <>
IERI  covvriont © 1Ea-£TS Research insitute (v ERInstiute.org) 24 IERI  covvriont © 1EA-£TS Research insitute (v ERInstiute.org) 25
EA ¢
What is PIRLS? PIRLS 2006 Test Design
= International study of reading literacy at 4th grade = 10 passages; 5 literary & 5 informational
= Assessment of student proficiency in reading = 126 items; 167 score points
comprehension = Multiple-choice and constructed-response
= Extensive collection of data on context for learning questions
to read - PIRLS Reader
PIRLS 2006 Booklets
1/2|(3|4|5|6|7|8|9|10|11|12|R
Part1 |L1|L2|[L3|L4| 11|12 |13 |14 |L1| 12 |L3| 14 |L5
Part2 | L2 |L3|L4 |12 |12 |13 |14 L1211 |L2 |13 |L4]|I5
<> <>
IER. Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 26 IER. Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 27
EA o EBA ¢

What is PISA?

= Program for International Student Assessment
= The main questions are:
v Are students well prepared to meet the challenges of
the future?
v' Are they able to analyze, reason, and communicate
their ideas effectively?
v Do they have the capacity to continue learning
throughout life?

IE Rl Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 28
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What is PISA?

= Measure how well 15-year-old approaching the
end of compulsory schooling are prepared to meet
the challenges of today’s knowledge societies

= Does not focus on mastery of school curriculum,
but on the ability to use knowledge and skills to
meet “real-life challenges”

IE Rl Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 29
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PISA Test Design

Administered every 3 years

Originally 3 major domains: Mathematics, Science
and Reading

v"In 2003 included Problem Solving

Every 9 years major emphasis on a domain

In between the 9 years minor emphasis on a
domain

Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 30

PISA Test Design

2000 2003 2006 2009
Reading MAJOR Minor Minor MAJOR
Mathematics Minor | MAJOR | Minor Minor
Science Minor Minor | MAJOR | Minor

IERI copyriont © 1EAETS Research Institute (www.IERInstitute.org)
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PISA 2006 Test Design

(&2
IERI

BA oo

Form | Block 1 Block 2 | Block 3 Block 4
1 S1 S2 S4 S7
2 S2 S3 M3 R1
3 S3 S4 M4 M1
4 S4 M3 S5 M2
5 S5 S6 S7 S3
6 S6 R2 R1 S4
7 S7 R1 M2 M4
8 M1 M2 S2 S6
9 M2 S1 S3 R2
10 M3 M4 S6 S1
11 M4 S5 R2 S2
12 R1 M1 S1 S5
13 R2 S7 M1 M3

Copyright © IEA-ETS Research Institute (www.IERInstitute.org) 32

Comments? Questions?

I ERI Copyright © IEA-ETS Research Institute (www. IERInstitute.org)
T80
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Analysis with IRT

IERI Academy Winter 2009
Center of Global Assessment
ETS
Kentaro Yamamoto

Presentation Outline

Classical Test Theory (CTT)

Item Response Theory (IRT)

Common IRT Models

Parameter Estimations

Features of IRT model

Application of IRT for test development
Consequence of assessment features on IRT modeling
Weighting

Booklet design

Non-response

Scoring accuracy

Establishing the Comparability

« Instrumentation
-BQ, Cognitive, Instruction, Manual
« Sampling, Target Population, Sampling Frame
« Weighting
e Operation
« Scoring

« Scaling (Non-response, Common
parameters)

» Population modeling
* Reporting

Moh’s Scale of Mineral Hardness

Sample|A |[B |C |D |E |F

1 | Talc O |0 |0 |O |0 |O
2 | Gypsum O [0 |0 |O |0 |O
3 | Calcite X |0 |0 |0 |O |O
4 | Fluorite X |X |0 |0 |O |O
5 |Apatite X |X |0 |O |O |O
6 | Orthoclase X [X |X |O |0 |O
7 | Quarts X | X |X |X |0 |O
8 | Topaz X [ X |X |X |0 |0
9 |Corundum X | X | X |X |X |O
10 | Diamond X [ X | X [ X [X |X
25(35|55(65 85|95

Typical Math Test

Student Items Total
1123 |4|5|6|7|8[9 (1011
A oj0o|0O|O0O|O|O|O|O|O [X |O 10
B O|0 |0 |0 |X |O|O]|O|O [O |X 9
[ 0|0 |0 |0 |0 |0 |X]|O|[X [X |O 8
D O|X |0 |O |0 |X |O]|O|O |O |X 8
E 0|0 |0 |0 |X |O|O|X X |0 |X 7
F X |0 |0 [X |O|O |[X]|O|O [X |X 6
G 0|0 |X [X |O X |O|X X [X |X 4
H OO0 |[X [0 |X X [X|X [X [X |X 2
Total |7 |7|6|6|5|5|5|5|4]|3]|2

Common Observation

Proportion
Correct 06 |-

Total Score
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Classical Test Theory

Observed Score = True Score + Error Score
O=T+e

Observed Score: test score
(can be standardized and/or transformed into various forms)

True Score: hypothetical mean of an infinite number of tests taken by an
examinee when practice effects are disregarded, i.e., expectation of the
scores

Error: amount of discrepancy between examinees’ true scores and observed
scores for population

Classical Test Theory

Offers a diverse collection of techniques and
formulas for item analysis, test development,
scoring, scaling, and equating, as well as the
evaluation of test reliability, validity and fairness

Has a long history of theoretical and practical
development with well developed body of
knowledge

Very useful for evaluating respondents skills and
analysis of test scores

Used often to produce parallel test forms

Limitations of CTT

« Sample Dependent
— Statistics (e.g., difficulty, discrimination) that
describe test items depend upon group of
respondents who take the items

¢ Test form Dependent
— Observed & true scores that describe how
respondents perform depend upon the
collection of items given to the students

Limitations of CTT

Same errors of measurement for all examinees
regardless of examinees ability levels

— Measurement error is population based

Not able to match test forms for projected ability
distribution

Strictly parallel test do not exist

Requires equating of

— Item statistics for use in test assembly

— Test scores for use across administrations

Item Response Theory

« Provides a consistent framework for thinking about and
resolving testing problems
« Developed in 1960s to addresses some of the limitations of
CTT, and offers a more flexible set of techniques
— Estimate of standard error of measurement for each
examinee
— IRT pattern scoring does not require equating
— Automated test assembly & CAT
« Reminds us that our testing goal is to measure an
unobservable or latent construct, and that it is critical to
consider the relationship of observable item responses to the
latent construct

Item Characteristic Curve

P(x10) I

o o — 1
-4 -2 0 2 4

0
Latent Trait
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Item Response Theory

« Offers a variety of probability models relating observable
item responses, x;, to the latent trait or ability, 6, and the
item’s measurement properties, S (item difficulty and
discrimination, e.g.)

k =0 or 1 for dichotomous items
k =0,1,...K for polytomous items

S

Advantage of IRT

« Because it makes stronger assumptions about the
behavior of people and items, it allows us to solve
problems that cannot be solved by classical test
theory.

« The use of IRT allows us to answer many questions
about a test before we ever administer it.

Advantage of IRT

« Evaluate the effectiveness of a test at different levels
of ability

« Evaluate the ability of respondents who took different
set of items

« Evaluate a set of items on a same scale established by
a different set

« Design tests to measure best at specific ability level

« Develop new tests and investigate them without
administering them

« Develop item statistics that do not change when the
group of examinees change

Common IRT Models

¢ Dichotomous IRT Models for Multiple Choice Items:
— one-parameter logistic (1PL) model
— two-parameter logistic (2PL) model
— three-parameter logistic (3PL) model — most common

« Polytomous IRT Models for Multiple Responses:
— graded response model
— partial credit model

3PL Model

1-c;
P(Xij :l‘gi): Gt 1.0+ exp(—Dai (‘9] - bi))

» where
— 0 is student j ability
— & Iis discriminating power for item i
— by is item difficulty for item i, and
— ¢; is the “pseudo-guessing” parameter for item i

Probability

IRT Parameter Interpretation

1.0 T
09 +
08+
o7l (@F0)2
0.6 / >
05+
04+ ‘Item 1: b=0.0, a=1.0, c=0.2 ‘
03+
021 c
01T
0‘01:11111b1:111111
40 -35 -30 -25 -20 -15 -10 -05 00 05 10 15 20 25 30 35 40
Ability

(slope of curve)
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Five ICCs

Graded Response Model:
Category Response Functions
(for item scores 0,1,2, and 3)

1.0
104
0.9 A -
08 | k=0 k=3
2% k=2
% g-: g a = 1.00
£ o Item 1: b=0.0, & £ os ko1 o
o 03 — Item 2: b=1.0,2=1.0. ¢=0.2 2 - bs= 150
FY ) E— Item 3: b=-1.0, a=1.5, ¢=0.2
01 —Item 4: b=2.0, a=1.5, ¢=0.25
00 - Item 5: b=1.5, a=0.5, ¢=0.0
-4 -35 -30 -25 -20 -15 -10 -05 00 05 10 15 20 25 30 35 40
Ability 0.0 . ‘ ‘ ‘ ;
-3 -2 -1 0 1 2 3
Ability
Common IRT Assumptions Review of MML for Single
Population
« Unidimensionality: A single latent variable is sufficient
to explain all responses to items. ( ) 1
— Local Independence: At a given level of X, responses 2PLIRT P(x;=1)= _ _
to all items are statistically independent. 10+ exp(-Da (91' b‘))
P(x,|0,.ab) = TP (8" @-P(8,)™
P, =u,U, =u,,...,U, =u,|0) =TIPU;, =u;|0) =1
i=1
* Model-Data Fit
P(xlab)= ] P(x;[.ab) f(6)do
— Appropriate use of an IRT model requires reasonable Integrate 6 SH== Z;[ X;/ab) 1(©)

satisfaction of its assumptions.

J
Maximize likelinood L (a,b]X )= L(a,ib\ij)
i

EM steps of Item calibration

« During E-step, posterior distribution as well
as proportions correct for each items at each
quadrature points are estimated based on the
prior.

« During M-step likelihood function is
maximized with respect to the model
parameters.

« IRT linking is based on either proficiency
distributions or the item parameters.

What E-step produces

1 - 0.5
0.8 + T+ 04
06T N 703 > [Emiem1

2 |E=3item 2

04t L o2 s theta dist.
0.2 + T+ 0.1

0 ﬂj—aj—— 0

1 2 3 4 5 6 7

quadrature point
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Extend to Multiple Population

Oy} f,(0)d0

Integrate 6| group g P(xg\gg,g)= j P(Xg
0

Sum over groups

b.a, ) f,(0)d6

ol -2 o6,

Maximize likelihood L(z|X)= ﬁ L(QBJ)
i

Evaluate Fit of IRT Parameters

[ %2

o« MD

MD, = j(ﬁg(e)— PO, (0)d0

e RMSD

RMSD, :\/I ®.o- P(.sr))2 f,(0)do

o Impact on ability
estimate

Assessing Model Fit: 1 & 3PL

- W -
£ oas i b as
%
£ o ++ E oo
0z e
EE 3 T 3 & E 3 T z
Ability Ability
# 81  MODOOBIOOL 5 Choice P4—0566 § 91 MCOO0PLOOL 5 Choice Ri—0586
a= 0857 Fb= —04B% o= 0000 F CHI= 41.19 a= 1068 b= 0781 o= 0414 CHI= 230

IRT Response Curve of Document 7-8

—&— Expected

—=— Chile
Czech
Denmark

—*— Finland
—— Italy

—+— Norway/B

—— Norway/N

—— Slovenia
Swiss/I

51 86 121 156 191 226 261 296 331 366 401 436

IRT Response Curve of Q- ITEM

1

MEF-E

Propartion Carzect

0

Prose Proficiency
- Canada/French

~— — Item Characteristic curve for Canada/French

Item Characteristic curve for all other populations

Application of IRT Models to
Test Development

¢ |tem information functions
¢ Test information functions

« Standard error of measurement
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Item Information

« Item information shows the contribution of an
item to measurement precision with respect to
ability parameter

« Important for test assembly, linking, virtical
linking, assuring desired accuracy, so on

Item Information

[/ 2
| (0)=POT
where P| (9 )Q. (9)
* P;(6) is the item response function,
* QO =1-Pi(9

* P’(0) is the derivative of P;(6) with respect to &

Probability

Item Characteristic Curves

10
094

084

074

06

054

04 Item 1: b=0.0, 2=1.0.c=0.2
034 —Item 2: b=1.0, a=1.0. ¢=0.2
[Y 3 e— Item 3: b=-1.0, a=1.5, ¢=0.2
014 —Item 4:b=2.0, a=1.5, ¢=0.25
00 Item 5: b=1.5, a=0.5, ¢=0.0

-4 -35 -30 -25 -20 -15 -10 -05 00 05 10 15 20 25 30 35 40

Ability

Information

16
14
12
10
0.8
0.6
0.4
0.2

0.0

Item Information Functions

T

Ability
— ltem 4:b=2.0, a=1.5, ¢=0.25

Item 5: b=1.5, a=0.5, ¢=0.0
— Total

—Item 1: b=0.0, a=1.0, ¢=0.2
= Item 2: b=1.0, a=1.0, ¢=0.2
Item 3: b=-1.0, a=1.5, ¢=0.2

Questions: Which abilities do these items measure best?
For what level is this test most appropriate?

Test Information

« Test information function is the sum of item information of the items
in the test:

[P(9)]°
P (0)Qi(0)

where n is the number of items in the test.

1) =3 1) -

Standard Error

J100)

- Assesses measurement precision for each examinee
level

« Used to calculate reliability

SE(0) =
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TIF & SE Weights
" . TIMSS/PIRLS
08 FWAW ho6™ Anos™ Wiass™ Waycert™ Al et
g 0s 8 PISA
g " FWEA e Wchod ™ Athnos o A
IALS/ALLS
’ 3 2 1 o 1 2 3 ’ FW;Wpsu*Whousehold*Adhousehuld*W *Aﬂ *Adpusl
Ability
Booklet design Booklet Design TIMSS

TIMSS: Bib-spiral of blocks of mixed subjects of
Math(5) and Science(6), ~80 items,

PISA: Subject specific blocks, Reading, Math,
Science.

IALS/ALL: Bib-spiral of 3 domains of Literacy,
appended spiral design

* In 1999 TIMSS, 26 clusters of items were
bib spiraled to produce 8 booklets

Book Clusters

t [A]B c]D GIH][ 1[I K[LIMIN[OJPJQIR[S][TIU[V[W[X[Y

w
le| || m]

A(12m), B-H(12m), I-R(22m), S-V(10m), W-Z(10m)

40

Booklet Design 2003 PISA

Booklet Clusterl Cluster2 Cluster3 Cluster4
1 M1 M2 M4 R1
2 M2 M3 M5 R2
3 M3 M4 M6 PS1
4 M4 M5 M7 PS2
5 M5 M6 S1 M1
6 M6 M7 S2 M2
7 M7 S1 R1 M3
8 S1 S2 R2 M4
9 S2 R1 PS1 M5
10 R1 R2 pPS2 M6
11 R2 PS1 M1 M7
12 PS1 PS2 M2 S1
13 PS2 M1 M3 S2

M1-M7,51-S2,R1-R2,PS1-PS2: 30 min

Booklet Design 2003 PISA

M1 | M2 | M3 | M4 | M5 | M6 | M7 | S1 S2 Rl | R2 | PS1 | PS2
1 1 2 3 4
2 1 2 3 4
3 1 2 3 4
4 1 2 3 4
5 4 1 2 3
6 4 1 2 3
7 4 1 2 3
8 4 1 2 3
9 4 1 2 3
10 4 1 2 3
11 3 4 1 2
12 3 4 1 2
13 2 3 4 1

M1-M7,S1-S2,R1-R2,PS1-PS2: 30 min

a2
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Raacing Position by Diffculty
Mathematics Position of Blocks by Difficulty
a5
4 ¢ ¢ ¢
35 Y
3 ¢ Math Problem Solving Position by Diffculty
25 ¢ ¢
¢
2 S
15
03 02 01 o 01 02 03 0.4 05
Difficulty
3 44

Booklet Design IALS/ALL

IALS: Average Percent Correct; Block by Block Order

0 bl |b2 |b3 |b4 |b5 |b6 |b7 |[b8
Block | Block 1 | Block 2 | Block 3 | Block 4 | Block 5 | Block 6 | Block 7 | Total
Order bl X X X X
First 72 78 74 72 77 83 77 76
Second |78 76 77 78 72 83 79 78 b2 X X X X
Last 74 77 77 77 77 83 72 77 b3 |x X |x X
b4 |X |X X |IX
b5 X X X
ALL :Average Proportion Correct; Block by Block Order b6 |X X X
S b7 |X X X
Order Block 1 | Block 2 | Block 3 | Block 4 | Block 5 | Block 6 | Block 7 | Block 8 | Total b8 X X X

First 62.6 64.8 68.9 66.2 64.8 63.1 60.1 48.7 62.4
Second | 61.6 65.0 68.3 64.8 65.0 63.3 59.9 5.01 62.3

1-4: Prose&Document 5,6: Numeracy 7,8: Problem Solving

a6

g National Sampling Framework
B1 B2 B3 B4 B5 B6 B7 B8
1 2 N
L Eligibility -
1 2
1] 2 Y
2 1
2 1 Response to BQ
8 2 1
[ o [T 2 Y
1 2 N
. 1 : 2 Core Items 4-‘ Failed core
2 1 I
2 1
5] 1 v ! I
z L Completed Incomplete No Cognitive
o 2 Cognitive items Cognitive Items Items
14 0
1 2 >4
| 20 | 1 2
| 2t} 1 2
1 2
[ 23| 2 1
2 1 Related to Related to
(25| 2 5 i Literacy Literacy
27 T2 Unable un-Related to Unable un-Related 0
28 2 1 Literacy Literacy
. Unwilling Unwilling
1-4: Prose&Document 5,6: Numeracy 7,8: Problem Solving
r
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Scoring Open Ended Questions

TIMSS: 25-40% open ended, extensive training,
sample booklets scoring.

PISA: 30% open ended, extensive training,
sample booklets scoring.

IALS/ALLS: 100% open ended, extensive
training, exchange booklets across countries
to sample booklets scoring, correct scoring if
necessary.

IRT Modeling/Scaling

TIMSS: moved from Rasch(95) to 3pl+PC(99 on)
Common item parameters for all countries

PISA: Multi dimensional Rasch, limited 2pl, Common
item parameters for all countries

IALS/ALL: 2pl IRT, Subset of items may be different
from common item parameters for

Trend linkings Example

Re-analysis of 1995 TIMSS
- Toaddress 1PL-3PL, and re-center to mean of 500,and sd. of100 based on grade 8 only
«  Common scale of 1995 TIMSS-1999TIMSS-R
- Trend analysis
Content area of each domain 1999TIMSS-R
- Profile of content areas by setting the distribution s to TIMSS-R

e | TS
TIMSS Content Areas

MRE == ||

Impact of Prior Distribution on Proficiency Estimate 1

Impact of Prior Distribution on Proficiency Estimate 2

Impact of Prior Distribution on Proficiency Estimate 3
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Listening. Learning. Leading.

Modeling International Large Scale
Survey Assessment Data

IERI Fall Academy 2008
Matthias von Davier
Educational Testing Service

On international large scale
educational surveys

International large scale assessments
Assessment designs in large scale assessments
Background data in international assessments
Deriving skill distributions in subgroups of interest
Research on international surveys (the IERI ad)
Outlook

(International) Large Scale

Assessments

Some key principles:

* Common assessment framework

« Common scale(s) across countries & languages

» Coordinated administrations

* Repeated, linked assessments

« Group level reporting

¢ Curriculum (coverage?) or life-skills based

« International comparisons

(International) Large Scale
Educational Assessments

The mother of all Large Scale Assessments:

National Assessment of Educational Progress

* NAEP (..., 2008, ...), government mandated since 1960ies
International Large Scale Assessments

* TIMSS (1995,1999, 2003, 2007, 2011, ...)

* PIRLS (1992, 2001, 2011, ...)

» PISA (2000, 2003, 2006, 2009, ...)

* IALS ('94, '96, ‘98), ALL (2003)

* PIAAC (2011, ..))

For example: TIMSS

TIMSS (1995,1999, 2003, 2007, 2011, ...)

¢ Trends in Mathematics and Science Study

* An IEA study (IEA? - see next slide...)

« Currently 60-some countries participating

« International Study Center (ISC), Boston College

« ETS provides psychometric consulting and
statistical software for ISC's analyses & reporting

S s
FELEAD T80
-
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For example: PISA

PISA (2000, 2003, 2006, 20009, ...)

Programme for International Student Assessment
An OECD study, 67 countries in 2009...
Australian Council of Educational Research

(ACER) is conducting the study for OECD

« ETS provides consulting on technical issues, ETS
representative heads the reading literacy expert

group, ...

« OECD Programmae for Internaticnal Student Assessment (PISA)

For example: PIAAC

PIAAC (2011, ...)

« Programme for the International Assessment of
Adult Competencies (PIAAC)

« An OECD study, 20-some countries in 20011...

e TIMCC DICA NAED ara cch
HIVIOSS, mion, iINALr Al CriG0

s

es
assessments, and sample students (or classes)
within schools

¢ PIAAC (like IALS, ALL) is a household survey,
and samples adults 16-65 year old from
households

ool hase
1 0aSCU

Preogramens for the Intemational Ascusment of Adult Competmcies (LA Page 1o 2

Direction de MEmploi, du travail et des affaires sociales

Assessment designs in large scale
assessments

* All domains are covered broadly, the number of
sub-domains and items is determined during
framework development

* A large number of items is developed and
organized into blocks, which are combined into
test booklets.

» Test booklets include an incomplete, but balanced
subset of all possible combinations of the number
of blocks administered

« -> Balanced incomplete block (BIB) design

Exbibét 11: TIMSS 2007 Student Achisvemant Bocklet Design -
Fourth and Eighth Grades

f— -
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LSA frame summary

 Students respond to 3-6 short blocks of items, blocks
appear in multiple locations within multiple booklets

* Multiple test forms have to be linked, blocks from previous
assessments are combined with new blocks

« Trends over time often have to be reported

« Differences between countries in ability distributions, but no
DIF is a basis for comparability

* Sample items (released old form items) have to be
provided to stakeholders.

N9, Which of the boes X, Y, or Z has the LEAST mass? u

D. Al three boxes have the samse mass.

Multiple LSA components

In addition to the cognitive items administered, students also
fill out questionnaires, as do their teachers or principals

Students are asked about a variety of issues related to their
academic achievement, their leisure activities, etc.

Teachers may be asked about their instructional practices,
and their assessment of the school environment

School principals may be asked about school infrastructure,
and teacher professional development

Background Data in Skill Surveys

Background data serve (at least) two purposes in
international surveys of skills:

« BV’s are utilized in modeling the population
distribution of skills. BV’s help reducing
uncertainty as well as biases of group
comparisons

« Background variables (BV) are central in
understanding differences between higher and
lower skilled groups of the target population

OECD
PISA

STUDENT QUESTIONNMAIRE

msasciooin [ [ (-] [ ]

MIC CO-OPERATION AND DEVELOPMENT

Piga BTINENT IN 1

Background Data for Modeling

Background variables (BV) are needed as auxiliary
information in a population model used to reduce
uncertainty of measurement and to provide unbiased
imputations of skill variables:

* BV are selected and preprocessed to be integrated in a
latent regression model (mixed effects model, multilevel
IRT model)

« Conditional distributions of skills given BV are estimated,
and imputations (plausible values) are drawn for reporting
group statistics and variance estimation

409




Background Data as Major
Reporting Variables

Background variables (BV) are central to reporting, and are
used to derive indicators for reporting skills in subgroups of
interest to stakeholders and policy makers.

« BV may directly assess the group definition of interest
(gender, ethnicity)

« BV may be aggregated to indicator variables such as
attitudes towards technology, reading behaviors, etc.

« BV may be proxies to variables we cannot directly assess
or we are now allowed to ask in some or all countries
(SES, gross income)

Challenges of using Background Data

Background variables are selected based on experts knowledge of
relevant differences. In international surveys, this selectionis
faced with multiple challenges:

« Comparability across countries:

— Avariable that is quite predictive of skills in one country may or may
not be so in other countries

— The response formats used can be subject to cultural differences in
response sets (e.g. avoiding extreme responses vs. tendency to
avoid middle/undecided responses)

« Relationships between questions, or collections of questions
used to derive indicators, may vary across countries.

« Some background variables very useful as a proxy to SES in one
country may not vary much in some other countries (number of
bathrooms in a house in the USA vs. Western Europe)

Other issues in LSA,
not covered today...

« Translation into multiple target languages,
translation verification

 Target population, definition, inclusions,
exclusions, sampling of students within
educational institutions

» Scoring constructed response items, rater
agreement, cross country comparability of rating
standards

* Weighting, non-response adjustments,
replacement, response rate, design effect...

Putting it all together:

There are many pieces to put together:

» Cognitive domain task responses

* Complex sample of item responses

» Countries provide a representative sample as the
basis of international comparisons

* Assume we have clean data, received in time
from all participating countries:

How are the different sources of information coming
together, and what do the results look like?

Modeling large scale
assessment data

* Reported are student proficiency distributions by
countries and in subgroups within country

* IRT based methods are used due to the level of
complexity of the data

* A multilevel IRT model with predictors based on the
background data is used to analyze the data

— Often called conditioning or latent regression model

* Reporting uses imputations gpl_ausi'ble values)to
enerate distributions of proficiencies, given reporting
major background) variables.

Latent regression IRT

The model LR-IRT represents is a latent regression
model or a multi-level, better: 2-level, IRT model:

¢ The first level is the measurement model, a
multidimensional, simple-structure IRT model

* The second level is a linear regression of the
(multidimensional) latent trait 6 on covariates,
referred to as background variables in large scale
assessments
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LR-IRT Measurement model, 1

The LR-IRT measurement model is

* A composition of standard one - dimensional
IRT models for multiple scales.

e Each item measures only one scale
* That means simple structure

* Which implies a factored likelihood

LR-IRT Measurement model, 2
» For dichotomous multiple choice items, often
the 3PL is used

* For dichotomous constructed response
items, the 2PL should be used

. ForOPontomous items, the generalized partial
credit model (GPCM) is used

¢ One can use the Rasch model as well
(Conquest, PISA & TIMSS 1995)

LR-IRT Measurement model, 3
* |RT estimation is carried out before the latent
regression is estimated

* -> jtem parameters are considered as fixed
and known constants in LR-IRT

» Adams, Wilson and Wu show that impact is
minimal for the Rasch model case

» Patz & Junker talk about this as adopting a
divide and conquer strategy

LR-IRT Estimation

We use the (EM) algorithm, a standard tool
used a lot for IRT and other latent variable
model estimation problems

» E-step: Estimate posterior means and
posterior (co-)variances

* M-step: Maximum likelihood estimates of the
latent regression parameters

LR-IRT Estimation, EM-cycle

The E-Step produces preliminary estimates of
the posterior means and variances given
previous regression parameters

The M-step produces preliminary estimates of
the regression parameters given the previous
E-steps estimates of posterior moments

This cycle is repeated until parameters
converge or a predetermined maximum of
cycles Is reached

Drawing Plausible Values

* NAEP and other survey assessments report subgroup
estimates, not individual scores

* Covariates are used to incorporate reporting variables
and other auxiliary information into a comprehensive
model where they help avoiding biased group
estimates

* NAEP uses multiple imputations derived from the LR-
IRT model estimates to generate subgroup means,
variances and other statistics
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Plausible Values (PVs)

« Plausible values (PV’s) are multiple
imputations drawn from examinee posterior
distributions

* Plausible values together with sampling
weights are also used to estimate variances
of the reported statistics

e This is done outside of LR-IRT, LR-IRT just
generates the PVs using the regression
estimates relating proficiency to background
data

Summary

* Survey assessments collect student proficiency
data using sparse responses from multiple booklets

* In addition, multiple other sources of information
are available on student background

« Latent regression models integrate IRT based
proficiency estimation with population models using
background data

* Reporting is based on group-level statistics
aggregated using major background variables like
gender, ethnicity, school type, parents education...
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Latent Regressions in DESI / MGROUP
&
Drawing Plausible Values

IERI Fall Academy 2008
Matthias von Davier
ETS
Research & Development

ETS Confidential & Proprietary

Overview

 Latent regression in a nutshell
—i.e., DESI/ MGROUP in a nutshell
» Measurement model, Population model
 Estimation
» Drawing plausible values

» Qutlook

Matthias von Davier: DESI Theory and Practice 1
ETS Confi & Proprietary

DESI/ MGROUP in a nutshell

The model estimated by DESI is a latent
regression model or a multi-level, better: 2-level,
IRT model:

* The first level is the measurement model, a
multidimensional, simple-structure IRT model

» The second level is a linear regression of the
(multidimensional) latent trait 8 on covariates,
referred to as background variables in NAEP

Matthias von Davier: DESI Theory and Practice 1

ETS Confidential & Proprietary

DESI / MGROUP model

Let x,,...,X, denote item responses, &the
latent trait, and let the z,,...,z denote the
covariates:

* The IRT model donates:
P(x1..x, |O)=1IP(x;| 6)

* The latent linear regression donates:

f(0/2y,....2¢ )J=p(A(2,..2,).2)

Matthias von Davier: DESI Theory and Practice 1

ETS Confidential & Proprietary

DESI / MGROUP model

The marginal probability of observed responses
Xq,-.-,X; given the z,,...,z, covariates is then

P(x.X | 2..2¢) = I|:H P(X IH):|¢(0 | /u(zl"ZK)lz)dg

The z,,...,z¢ determine the prior mean y(z,..z,) of
the ability distribution, ¥ denotes the common
(co-)variance (matrix), ¢() denotes the
(multivariate) normal density.

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

DESI / MGROUP model

Bayes’ theorem is applied to find the posterior
distribution of 8 given observed responses
Xy,...,X and the z,,...,z, covariates

|:ﬁ P(Xi |(9):|¢((9 | ﬂ(z1"ZK)vZ)

i=1

PO1%-%,2..2¢) = P(%.X 12,..2)
RARIC UL

The posterior distribution of 0 is central to many
subsequent calculations, it is used to calculate
posterior means and variances (and finally PV’s)

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary
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DESI Measurement model, 1

The DESI measurement model is

» A composition of standard one -
dimensional IRT models for multiple
scales.

» Each item measures only one scale

e That means simple structure

Which implies a factored likelihood

Matthias von Davier: DESI Theory and Practice 1
ETS Confi & Proprietary

DESI Measurement model, 2

* For dichotomous multiple choice items,
often the 3PL is used

 For dichotomous constructed response
items, the 2PL should be used

» For polytomous items, the generalized
partial credit model (GPCM) is used

* One can use the Rasch model as well
(Conquest, PISA, and TIMSS in 1995)

Matthias von Davier: DESI Theory and Practice 1
ETS Confi & Proprietary

DESI Measurement model, 3

* |RT estimation is carried out before the
DESI latent regression is estimated

» -> jtem parameters are considered as fixed
and known constants in DESI, not as
estimated quantities

« Adams, Wilson and Wu show that impact
is minimal for the Rasch model case

» Patz & Junker talk about adopting a divide
and conquer strategy

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

This is roughly DESI Phase 1

* Read in item parameters from previous
IRT estimation, use as fixed constants

* Read in observed responses and
covariates for each examinee

* Calculate likelihood L(x;..X|&)~P(X;..x,|6)
for each examinee, store for next phase

» Calculate covariance matrix of covariates,
KOV(z,..z«) and store for next phase

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

DESI Population model, 1

» The population model describes the
relationship between covariates
(background variables) and the ability
distribution.

» In DESI it is assumed that a latent
regression can be used to describe this
relation

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

DESI Population model, 2

The regression is latent since the dependent
variable is not directly observed

Recall that we only have:

{ﬁp(x |e)}¢(e|y<z1--zK),z)

i=1

PO1%.%,2.2¢) = P(x.X |2,.2,)
SRR

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary
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DESI Population model, 3

Instead of an observed dependent variable, we
use the posterior mean and posterior variance
in the regression estimation

EO° |%.%2.2,) = [0°P(O ] %%, 2,..2,,)d0
4
V(O1%-%,2,.2) =E(07 | %..2,) ~(E(O] %..2))

Matthias von Davier: DESI Theory and Practice 1

ETS Confi & Proprietary

DESI Population model, 4

For the regression in question, we have the usual
system that relates a linear combination of the
covariates for each examinee n to the posterior
mean of this examinee

K
E(O] Xy Xy ZogZo ) = Zﬂkznk te,
k=1

The £ are regression coefficients that have to be
estimated, which is roughly what Phase Il of
DESI does.

Matthias von Davier: DESI Theory and Practice 1

ETS Confi & Proprietary

DESI Estimation

DESI uses an Estimation — Maxi-mization
(EM) algorithm, a standard tool used a lot
for IRT and other latent variable model
estimation problems

» E-step: Estimate posterior means and
posterior (co-)variances

* M-step: Maximum likelihood estimates of
the latent regression parameters

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

DESI Estimation, E-step

E-step estimates posterior means and posterior
(co-)variances:

+ Calculation of posterior moments requires
potentially multidimensional (numerical)
integration

« There are many ways to do that, approximate
solutions, smart integration methods, not so
smart brute force methods or Monte- Carlo
methods

« More about different E-step versions next time

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

DESI Estimation, M-step

The M-step in DESI uses posterior means
and covariates to estimate regression
parameters. It is assumed that we can use
the OLS estimator.

e OLS estimator is f= (Z72)1Z7®, with
posterior mean vector (matrix) &

* The X estimator is the sum of the
regression error variance V(g) and the
average posterior variance E(V(4x;..z,))

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

DESI Estimation, EM-cycle

The E-Step produces preliminary estimates
of the posterior means and variances
given previous regression parameters

The M-step produces preliminary estimates
of the regression parameters given the
previous E-steps estimates of posterior
moments

This cycle is repeated until parameters
converge or a predetermined maximum of
cycles Is reached

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary
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EM is roughly DESI Phase Il

The EM cycles can be time consuming, but modern
hardware allow samples of 200,000 students or
more with 500 background variables and 5 math
scales:

« Computational cost is not an issue any more,
large samples of students are fine

* More of an issue are small student samples with

large numbers of background variables,
numerical instabilities can result.

Matthias von Davier: DESI Theory and Practice 1

ETS Confi & Proprietary

Drawing Plausible Values

* NAEP and other survey assessments report
subgroup estimates, not individual scores

Covariates are used to incorporate reporting
variables and other auxiliary information into a
comprehensive model where they help avoiding
biased group estimates

* NAEP uses multiple imputations derived from
the DESI model estimates to generate subgroup
means, variances and other statistics

Matthias von Davier: DESI Theory and Practice 1

ETS Confi & Proprietary

Plausible Values ~ Phase Il

* Plausible values (PV’s) are multiple
imputations drawn from examinee
posterior distributions

 Plausible values together with sampling
weights are also used to estimate
variances of the reported statistics

 This is done outside of DESI, DESI just
generates the PV's using the posterior
moments we talked about

Matthias von Davier: DESI Theory and Practice 1

ETS Confidential & Proprietary

Recall Prior*Likelihood = Posterior

\Row 7
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\
|
|
|
| fowa
|
\
|
\

Matthias von Davier: DESI Theory and Practice 1

ETS Confidential & Proprietary

Testing versus Survey Assessments

« Individual testing provides a narrow likelihood
based on many items, provides a lot of
information
— prior does not matter much
— population needed neither needed nor wanted

« Survey assessments use fewer items, the
likelihood is broader, represents less
information
— priors matter, covariates of proficiency are useful
— population model providing priors is essential

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

Ed. Surveys: Prior Information, M=1.0

Row 4.
\ Row 14

0.1:

Row 16

322222111110000 . . . o L
2468 2468 2468 24

Matthias von Davier: DESI Theory and Practice 1

ETS Confidential & Proprietary
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Ed. Surveys: Prior Information, M=0.0

0.1: Row 4
\ Row 14
Row 16

0.025 >

(0 e e A A R
rrrrrrrrrrrrrrr 000001111122222333
322222111110000
S ... ... 2468 2468 2468 24

Matthias von Davier: DESI Theory and Practice 1

- ETS Confi & Proprietary

Ed. Surveys: Prior Information, M=-1.0

Row 4
\ Row 14
Row 16

T
1122222333
68

2468 24

Matthias von Davier: DESI Theory and Practice 1
ETS Confi

& Proprietary

Prior Information, M=-1.0, and
Likelihood M=-1.0 (below average Joe)
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Matthias von Davier: DESI Theory and Practice 1

2 ETS Confidential & Proprietary

Il Priors are estimated, not fixed !!!

* Many average-Joe cases go into the prior
« Easy(?) to see in multiple-group models
« In latent regressions, the average effect of
background variable on posterior is estimated
« Likelihood and prior do not need to agree
— If not, posterior moves away, given information
— If in agreement, prior*likelihood works like a charm
 'borrowing information' from similar cases is
the key concept

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary

Plausible Values ~ Phase Il

» DESI provides estimates of subgroup
means based on PVs for user defined
grouping variables

» PVs are a means to an end, not optimal
for anything, but very good for many types
of analyses

» Many background variable effects are
represented in PVs, allows analyses using
these without bias

Matthias von Davier: DESI Theory and Practice 1

2 ETS Confidential & Proprietary

Summary

Latent regression model extends IRT

Allows the estimation of effects of
background variables

* Provides average effects based on
sample correlations between 6 and BQ

 Used for prior distributions, borrowing
information from similar cases

Matthias von Davier: DESI Theory and Practice 1
ETS Confidential & Proprietary
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Tuesday 26 May, 2009

09.30 — 11.00 Introduction and Overview
Presentation: Sampling and weighting
11:00 — 11:30 Coffee break

11:30 - 13:00 Presentation: Estimation of sampling variance

Practice session: Calculating sampling variance

13:00 — 14.00  Lunch break

14.00 - 15.00 Presentation: Using SPSS for the estimation of sampling variance
Practice session: Learning how to use SPSS module

15:00 — 15:15  Short coffee break

15:15-16.00 Practice session: Reproducing tables from report in international studies

418




Wednesday 27 May, 2009

09.30 - 10.30

11:00 — 11:30

11:30 — 13:00

13:00 - 14.00

14.00 - 15.00

15:00 - 15:15

15:15 -16.00

Presentation: Scaling methodologies used in international studies

Practice session: Estimation of combined measurement and sampling error
Coffee break

Practice session: Analysis of plausible values

Lunch break

Presentation: Regression analysis

Short coffee break

Practice session: Estimating regression models with large scale survey data

Thursday 28 May, 2009

09.30 — 11.00

11:00 - 11:30

11:30 — 13:00

13:00 — 14.00

14:00 — 15.00

15:00 - 15:15

15.15 -16.00
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Concepts: Multi-level modelling

Introduction to software packages for multi-level modelling

Coffee break

Practice session: Estimating multi-level models with large scale survey data
Lunch break

Practice session: Comparing multi-level and single-level regression results
Short coffee break

Conclusion and open discussion

Efl IE{* JF,‘EII;I )

S FIFengs Jackknife fio 3k lﬁ[n

R B A Y I'F‘[E;f , ﬁl[ﬁjﬁfjﬂ‘ﬁ'ﬁ% ]’F‘I;%Em;% BITCVE BB R 3T 80 & o T BE
o= %F«'f‘“ | G e ETHIRORET - Replicates foiibhLie % SPSS

??ﬂ°*ﬁwﬁ?ﬁﬁflwnfﬂiﬁ”fgﬁi CTRCE TR I - &

ﬁﬁ%WjH@‘PMP‘WﬁFﬁ«¢%%%ﬁ%§%%$

419

FJ TIMSS A1 PISA ey £5 i » #

AT R



SAHRLET R e F T B SPSS HHIFVIHEAREE - o AT B R (R -

'LJH{ Repllcates |5L_fj EI ) IEJE’\_F[‘L' szli_%*‘j‘ PISA F”E}?HI-, J:jgbﬁﬁj , 1 \_’EI/U?[@E‘??[
AR EPHTILRL PISA SR vy £ 1) - N IT] Replicates 53 #7 TIMSS [l »
P P g o ) B0 - T3 - IEA sy~ BRITIAOJRE - 7K DB
Aralyzer - Ry T ACER A1 IEA JOJ{ Wilf ™48 - WP
Replicates i £ | % » B ifv 53 #2fif [gﬁg@rﬁ@ o

RRI [P P T BT RVR  00 FTR » — T RNE EE
BRRGE - B pOEER B S f  Fp ?jil%ﬂ  REE SIS B U BEREE T
SB[ R L (IR - S (L
PGSR E ) IR T AT (A f’EbefrmﬁﬂJ Replicates =3[ /1 A

S ;FE[: SIS L’—“"leﬁﬁﬁiﬁﬁpué’i%a““ﬂ@*ﬁ“?ﬁﬁi o

S A

Lo I B IO PR -
2. Replicates (V 6.2.1) %E;Cﬁﬁ»?gﬂ -

420



168
Sampling ‘ang;WeSi‘gq)@ging

Sample versus Census - 2 k

« Several ways of drawing a sample
« Two major principles:
— Avoiding bias in the selection
« Randomness
« Sampling frame covers the population adequately
« Ensuring the varying probabilities of selection are
reflected = weights
— Achieving maximum precision, given a set of
constraints (time, funds, and so on)

A

Using weights with SRS

« The sum of the weights always rebuilds
the size of the population

anwi =ZE=N

n
= i1 N

Topics of this presentation

» Sampling in large-scale data
surveys

» Computation of sampling
weights

» How to apply replication
methods

Sample versus Census - 1 k

 Surveys usually draw a sample
because a census:
— Requires unavailable budgets
— Time consuming and thus incompatible
with deadlines
— Does not necessarily bring additional
and required information

Selecting a simple random
sample

¢ An SRS gives an equal probability of
selection for each n selected from
population N which is

pi:ﬁ

» and each selected n has a weight of

Using weights with SRS k

« Since the weights are the same
for all selected members of the
sample, weighted and unweighted
means are identical:

n n n
WX WYX DX
~ _ =1 _ i=1 _ =l
Hexy =0 =

D, w, anl n
i=1

i=1

woL_N_40_
p, n 40
Student surveys L

» Simple random sampling generally too

expensive and often impossible.

— Often no central database for sampling of
individual students

— Use of SRS is impractical for survey
administration.

— No link of students to classrooms or schools
available.

Therefore, two-stage designs common,

where schools are selected at first stage

and students or intact classrooms at the

second.

Two stage sample L

* n schools are selected from a
population of N schools
— = what is the probability of a particular
school to be drawn?
» Within school i, n; students or n;
classrooms are drawn from a population
of N; students or N; classroom

— = what is the probability of a particular
student in school i to be drawn?
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An example of a two stage k
sample
¢ Let us imagine:
— a population of 10 schools
— Within any school, there are 40 students
— So the educational system counts 400
students
4 schools are drawn according to a SRS
procedure
10 students within the 4 selected
schools are selected according to a
SRS

Two-stage probabilitieL

« Four schools selected out of 10
n 4
P ===
N 10

SC

¢ 10 students selected within each school

n, 10
P2y = I = 0 =025

Weights summary k

School | School ~ School ~ School ~ Within ~ Within  Final Final ~ Sum of

label size prob.  weight school school student student final
prob. _weight prob. weight weights

1 40

2 40 0.4 25 0.25 4 01 10 100

3 40

4 40

5 40 0.4 25 0.25 4 01 10 100

6 40

7 40 0.4 25 0.25 4 01 10 100

8 40

9 40

10 40 0.4 25 0.25 4 0.1 10 100

Total 10 400

Final weights (SRS two-stage) k

« The final selection probability is

— _ I’1scni
Pij = P1_iPa_jj 7N5(:Ni
« and the final total weight is the
product of school and student weight
or the inverse of the selection
prbmbitie

w, == =110
Py 0.1

Different school sizes k

School | School ~ School ~ School ~ Within ~ Within  Final Final ~ Sum of
label size prob.  weight school school student student final
prob.  weight rob.  weight weights

1 10

2 15 04 25 0.66 15 027 375 375

3 20

4 25

5 30 04 25 033 3 0.13 75 75

6 35

7 40 04 25 0.25 4 0.1 10 100

8 45

9 80

10 100 04 25 0.1 10 0.04 25 250
Total 400 10 462.5

Different school sizes L

School | School ~ School ~ School ~ Within ~ Within  Final Final ~ Sum of
label size prob. weight school school student student final
prob.  weight rob. _ weight _weights
7 40 0.4 25 0.250 4 0.10 10.00 100.0
8 45 0.4 25 0.222 45 0.88 11.25 1125
9 80 0.4 25 0.125 8 0.05 20.00 2000
10 100 0.4 25 0.100 10 0.04 2500 _ 250.0
Total 10 662.5

From SRS to PPS Sampling L

¢ As school sizes differ across
schools, then:
— student weights will vary across

schools.
« In smaller schools, probability of selection
is higher.
« In larger schools, probability of selection is
lower.

— Very large uncertainty on the student
population estimates = population
estimates will have a large sampling
variance

422

Different school sizes k

School | School ~ School ~ School ~ Within ~ Within  Final Final ~ Sum of
label size prob.  weight school school student student  final
prob. weight __prob. _weight _weights
1 10 04 25 1 1 0.4 4 40
2 15 04 25 0.66 15 0.27 375 375
3 20 0.4 25 05 2 0.2 5 50
4 25 0.4 25 0.4 25 0.16 6.25 62.5
Total 10 190

Sampling with school probabilities .
proportional to size (PPS)

« Larger schools get a higher probability of
selection than smaller schools...

...but students in larger schools have a
smaller within-school probability of being
selected than students in small schools,
and...

the school and within school weights differ
between schools, but final student weights
do not vary (‘self-weighted sample’).




School weights with PPS k
sampling

Probability of a school to be selected is
equal to the ratio of the school size
multiplied by the number of schools to
be sampled and divided by the total
number of students in the population:

— Ni *nsc

p17| N

PPS sample of schools k

School | School ~ School ~ School ~ Within ~ Within  Final Final ~ Sum of
label size prob.  weight school school student student final
prob.  weight rob.  weight _weights
1 10
2 15
3 20 0.2 5.00 0.500 20 0.1 10 100
4 25
5 30
6 35
7 40 0.4 2.50 0.250 4.0 0.1 10 100
8 45
9 80 0.8 125 0.125 8.0 0.1 10 100
10 100 1 1.00 0.100 10.0 0.1 10 100
Total 400 9.75 400

Different school sizes k

School | School ~ School ~ School ~ Within ~ Within  Final Final  Sum of
label size prob.  weight school school student student final
prob. _ weight rob.  weight weights
1 10 01 10 1 1 0.1 10 100
2 15 0.15 6.7 0.67 15 0.1 10 100
3 20 0.2 5 0.5 2 01 10 100
4 25 0.25 4 0.4 25 0.1 10 100
Total 25.67 400

Different school sizes k

School | School ~ School ~ School ~ Within ~ Within  Final Final ~ Sum of
label size prob.  weight school school student student final
prob. _ weight  prob.  weight _weights
7 40 04 25 0.25 4 01 10 100
8 45 0.45 22 0.2 45 01 10 100
9 80 08 125 0.125 8 01 10 100
10 100 1 1 0.1 10 0.1 10 100
Total 6.97 400

PPS sample of schools k

« With a PPS sample of school:
— Self weighted sample of students
— Rebuild the student population
* But
— Large variability of the school population
estimate

* = Use of a systematic procedure

PSS Sampling example (samp
interval 100, start 75.2)

School | School ~ From To Part of
label size  student student the
number _number _sample
1 10 1 10 No
2 15 11 25 No
3 20 26 45 No
4 25 46 70 No
5 30 71 100 Yes
6 35 101 135 No
7 40 136 175 No
8 45 176 220 Yes
9 80 221 300 Yes
10 100 301 400 Yes

PPS Sampling - summary L

» More efficient way of sampling
— Reduction of schools
— Reduction of variation in weights
« Weights may still differ because of ...
— Over- or under-sampling of some strata
in the population
— Lack of accuracy in measures used for
selection of sample
— Adjustments to weights for school and
student non-response

Possible weight componentL

School base weight
School weight trimming factor (to avoid
extremely large or small school weights)

Student or Classroom base weight
School non-response adjustment
Student non-response adjustment

Final student or classroom weight
trimming factor (to avoid final student
weights more than four times the median)

School-level weights L

The School base weight (for PPS samples) is
the population size over the number of sampled
schools multiplied with the school size:

N

BW, =— 2
n.*N

The school non-response adjustment is the
number of sampled schools over the number of
participating schools (in PISA: schools weighted
with size): n

— ¢

adj
P
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Student-level weights k

The Student base weight is the population

size over the number of sampled students

multiplied with the school size: awi = Na
L=

The student-level non-response
adjustment is the number of sampled (and
eligible) students within a school over the

number of participating students: S = n!

st
adj

n

i
)

A

Final sampling weight

¢ The final student weight (in simple designs) is
equal to multiplying school and student base
weights and the non-response adjustments:
Vvi = BWslc *Scadj * BWslt *Stadj

« Final student weights are often (but not always)
the same within schools!

» Population size can be estimated by summing
students weights within and across schools

A

Questions?

Summary of Weighting k

One-level SRS sampling usually not
appropriate for student surveys.

PPS sampling more efficient than Two-
level SRS.

Weights do vary across
students/schools.

Generally, analysis of large-scale
survey data should use sampling
weights!!!

Practice Session - weighting k

Generated data with 998 schools and
99,479 students in population
Variables are

— SCORE: Achievement score with mean of
500 and SD of 100

— GENDER of students

— SES: Socio-economic status index with
mean of 0 and SD of 1

— PROG: General vs. vocational study
program (1, 0)

A

Your task

* Please compute the sampling weights
for this sample
—WGT_EXMPL_DATA.SAV (96 schools)

« Student-level weights can be computed
at school level

« Only participating schools in data!

Sampling design k

PPS sample
Explicit stratification: PROG

Implicit stratification: High/low SES
schools

50 schools per explicit stratum

30 students randomly selected per
school

Schools sorted by enrolment

Variables in datafile L

POPSIZE: Population size of each explicit
stratum

NSCHOOL: Number of schools in sample
ENROL: Number of enrolled students at
each school

STUDSMP: Student sample size within
schools

SPAR: Number of participating students
within schools

424

W

eights (within explicit strata) L
School base weight:
—POPSIZE / (50 * ENROL)
School non-response adjustment
—50/PSCHOOL
Student base weight
—ENROL / STUDSMP
Student non-response adjustment
— STUDSMP / SPAR
Final student weights
— Product of all four weights
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Check of results

* Compute SUMWGT

— Product of Final weight and participating

students (SPAR)
Weight by SUMWGT
— Frequency of PROG
— Compare with table:

PROG
Cumulative
Frequency | Percent | Valid Percent Percent
Valid .00 42022 42.2 42.2 422
1.00 57457 57.8 57.8 100.0
Total 99479 100.0 100.0

A
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Simple Random Sample (SRS)

« A sample is random if all the individuals in the
population have a known probability to be
selected

The sample will be simple if the individuals
are all selected independently and every
individual has the same chance of being
selected

Drawing a sample of students L

 As already mentioned, for practical,

conceptual and financial reasons, SRS

is not appropriate

Cluster sampling provides a more

adequate solution:

— At the first stage schools are drawn from a
sampling frame,

—then classes and or students are selected
randomly within school

Topics of this presentation

 Error components in
measurement

* Implications of cluster sampling
for the estimation of sampling
variance

» Methods to estimate sampling

variance with cluster sample
data

Error components associated
with measurement

Sampling error

— Random (-> estimation of sampling error)

— Systematic (e.g. non-response bias)

Measurement error

— Random (-> reliability, multiple
imputation)

— Systematic (e.g. unfavourable test
conditions)

A

Sampling variance

In the case of a SRS, the sampling variance
is:

— proportional to the variance

— inversely proportional to the sample size

The standard error can be obtained from the
variance in the population and the sample
size

However, the variance in the population is
(typically) not known

Cluster sampling (1) L

0000000000000000000
I |
OO0 ooo0 O O

oo o o o 1o a 0
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Calculation of Standard Errork

« As we don’t know the variance in the
population, the SE for a mean of 6
as obtained from a sample is
calculated as &

i

SE, =
" n

« similarly, the SE for a percentage P

is calculated as PQ
SE; =, —
n

Cluster sampling (2) L

The variance in a cluster sample consists of
Between-school and Within-school variance
In an infinite population of clusters and an
infinite population within clusters, and if the
sample sizes m are equal within | sampled
clusters, the variance is:

¥ =d‘:_ "':-_.ﬂ
@ g Pm




Cluster sampling (3) k

Comparison with a SRS:

« For example, 150 schools with 35
students per schools. Expected STD=
100

_ 4000 SO0

2= + =26.667 +1.143 =I7.8
“® =10 "1sov3s

a(,”=%+1m

=150

School and Within school variancek
(Reading Pisa 2000)
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Types of replication methods k

» Jackknifing

—JK1 (only recommended with no
information on sampling design)

—JK2 (TIMSS 1995, 1999,2003, PIRLS,
CivEd 1999)
» Balanced Repeated Replication (BRR)
-BRR
— Fay’s Method (applied in PISA)

How to estimate sampling
variance for complex designs?

 Design so complex that there are no

formulae, even for a mean

— Multilevel analysis (tends to overestimate
the sampling variance for stratified
samples)

— Taylor series linearization (requires data
on stratification, e.g. STATA)

— Re-sampling methods

« Bootstrap methods.

« Replication methods (e.g. WESVAR, AM but
can also be programmed in SPSS or SAS).

Jackknife for unstratified k
sample

Replicate RL [ Rz [ Ra [ Ra | RS | Re | R7 | R8 | RO | R10

school1 [000 [111 111 [111 [1m1 [111 |11 [1m [1m [am

school2 [111 [000 111 [111 [1m1 [111 [111 [1m [1m [am
School3 [111 [111 000 [111 [111 {111 |11 |11 111 [111
School4 [111 111 [111 [000 [111 |11 [111 [111 [111 [111
School5 [111 [111 111 [111 [ooo [1a1 |11 |11 [1m [1m
school6 111 [111 111 [111 [111 [ooo [111 [111 |11 [1m
School7 [111 111 [111 [1a1 [111 {111 [ooo [111 111 |11
School8 [111 [111 [111 [111 [111 [111 [111 [000 |11 |111
School9  [111 [111 111 |11 |11 111 [111 {11 [ooo |11
School10 [1a1 [1a1 111 |11 |11 111 |11 [11 [111 [o.00

Balanced Repeated Replication (BRR) L

Jackknife for stratified sample k

Pseudo- | schoal Rl Rz |Re |Re |ms |Re |wi |Re |Re R0

20 0

Fay’s variant of BRR L

Replication Theory L

« Variance estimators generally take the form
G ~
of Var,,(0)=c)" [Qk - 9]2
=t

* 0 is the parameter of interest

« G is the total number of replicates with k
denoting the k-th replicate

¢ cis a constant that depends on the method
— For JK1, ¢ = (G-1)/G
— ForJK2,c=1
— for BRR, c = 1/G
— for Fay’s BRR, ¢ = 1/(G(1-k?))




Computing sampling variance in.
PISA

¢ In Pisa
— Fay’s method
— 80 replicate weights in data file
— Perturbation factor k is 0.5
— ¢ =1/(80(1-0.5)?) = 0.05

2 LS G0t S Gy - - S G0
2o 1 Sa gre L Ra a2 18
T o =t 8000575 0570

* To compute sampling errors, one needs to
estimate once with the full PISA weight and
80 times with each replicate weight!

A

Questions?

Computing sampling variance in.
CIVED, TIMSS or PIRLS

* In |EA studies

— Jackknife (JK2) method

— 75 replicate weights in data file

-c=1

To compute sampling errors, one needs to
estimate once with the full PISA weight and
75 times with each replicate weight!

Example for practice - 1 k

* Compute Standard errors based on
example with Jackknife (JK2) replication
(generated data)

* Please open SPSS file
— REPLICATES_EXAMPLE.sav

 Variables in File

— Mean of achievement scores for each
replicate weights (SCORE)

— Mean of achievement scores with full
sample weight (SCORE_FW)

428

How can we achieve this?

Special software

—WESVAR (Westat)

—AM (AIR)

Macros (requires syntax handling)
—SPSS

—SAS

IEA Database Analyser

SPSS Analysis module

— Based on SPSS macros but menu-driven

Example for practice - 2

« Compute squared difference between
scores with replicate weights and full
sample weight

« Compute sum and multiply with correct
constant (for JK2 = 1)

A
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167 - 14 Lot Rationale for IRT scaling of data The ‘Rasch model
=1 a?és 'L‘k }“, 1 * Models the pro_bability to respond
Scaling methodology o - Summarising data instead of correctly to an item as
18 g9v dealing with many single items X =1 exp(ﬁn 7§i)
o 391° ‘: » Raw scores or percent correct (X =1)= 1+exp(0, -5,)
,,,,, ) : sample-dependent « Likewise, the probability of NOT
« Makes equating possible and can responding correctly is modelled as
deal with rotated test forms 1
P(Xy=0)=
1+exp(d, -4))

IRT curves k k Some examples k

Some examples

— Student Item Probability Student Item Probability
1 Student Item Probability
ability Difficulty of success ability | Difficulty | of success ability | Difficulty | of success
-2 -3 0.73 -2 -1 0.27
-2 -2 0.50
1 1 050 1 2 0.73 1 -0 0.27
05 o o 050 0 1 073 0 1 027
1 1 0.50 1 0 0.73 1 2 0.27
2 2 0.50 2 1 0.73 2 3 0.27
0 T T T T T T T
-4 3 2 1 0 1 2 3 4

Some examples L Anchoring of tests L ' > L

Stud I Probabil Stud I Probabil .
abily | Dificuly | of success | | abity | Diffeity | of sucoess « The Rasch model allows to derive
2 4 0.88 2 0 0.12 comparable scores for two different Example of
1 3 088 E} 1 012 _assessment via the inclusion of “anchor” anchoring
0 2 088 0 2 012 items. ) ) between
» Anchoring can be used across time (e.g. grades 4
! * 088 ' 8 02 repeated surveys) but also across and 8
2 0 0.88 2 4 0.12 different population assessments (e.g.
grades)
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A

3 Parameter model

» Three-parameter models have
additional parameters for item
discrimination and guessing:

1-¢

P(xij =:u'9|vaubuci) =Gt
1+exp(-1.74,(6, —b;)

Comparisons of the ICC curves k

Partial Credit Model —
probabilities k

Probabilty

THETA

Strongly Agree Agree  Disagiee  Strongly disagree

IRT models for poytomous items k

» Extension of Rasch model with additional
step parameters t

Rating scale model has equal step
parameters across items

Partial credit model has different step
parameters for each item

exp (0, - (6, +7,)

PO)=— T % =012,..m,
D exp (0, - (5 +7y))
h=0 j=0

Partial Credit Model — threshold k
curves

1

Probabilty

THETA

Strongly Agree Agree  Disagree Stongly disagree

Maximum Likelihood vs. Raw L
Score

Score

S A N

Proficiency

How might we impute a
reasonable proficiency value?

* Choose the proficiency that makes
the score most likely

— Maximum Likelihood

— Weighted Likelihood

Choose the most likely proficiency
for the score

— empirical Bayes

Choose a selection of likely
proficiencies for the score

— Multiple imputations (plausible values)

The Resulting Proficiency
Distribution

Proficincy on Logit Sele

430

Characteristics of MLE L

Unbiased at individual level with
sufficient information BUT biased
towards ends of ability scale.
Arbitrary treatment of perfects and
zeroes required

Discrete scale & measurement error
leads to bias in population parameter
estimates




Weighted Likelihood
Estimation k

WLE maximizes the weighted likelihood, wL, where
w is the weight function.
Solve for each case

i

% being the bias for the ML estimates

k 2
y ; : : Pyi
with | being the Information function =
9 ; Pa(l-pa)

Pyi Pyi
and J=
25 p)

Characteristics of WLE k

* Less biased than MLE

» Provides estimates for perfect and
zero scores

e BUT discrete scale & measurement
error leads to bias in population
parameter estimates

Plausible Values k

* What are plausible values?
« Why do we use them?

« How to analyse plausible values?

Purpose of educational tests k

* Measure particular students
(minimise measurement error of
individual estimates)

* Assess populations
(minimise error when generalising
to the population)

Posterior distributions L
for test scores on 6 dichotomous item

[
! \

| 4
O\ A

Prof cieney on Log Sals

Empirical Bayes - EAPs k

Proficiency on Logit Seale

Characteristics of EAPs L

» Biased at the individual level but unbiased
population means (NOT variances)

« Discrete scale, bias & measurement error
leads to bias in population parameter
estimates

* Requires assumptions about the
distribution of proficiency in the
population

Plausible Values L

Characteristics of L
Plausible Values

 Not fair at the student level

* Produces unbiased population
parameter estimates
— if assumptions of scaling are reasonable

* Requires assumptions about the
distribution of proficiency
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Estimating percentages below
benchmark with Plausible Values

Level One Cutpoint

B ra 1.5 0.3 0.8 z
The proportion of plausible values less than the
cut-point will be a superior estimator to the EAP,
MLE or WLE based values

A

« Mathematically computing posterior
distributions around test scores

« Drawing 5 random values for each
assessed individual from the
posterior distribution for that
individual

Methodology of PVs

A

Multi-dimensional scaling

4 scales for major domain => 4 abilities
for each person, 0,, 6,, 6; and 6,

» Covariance between the abilities can be
estimated.

* Itis assumed that only one ability is
drawn upon for answering a particular
item.

What is conditioning? k

* Assuming normal posterior distribution:

* Model sub-populations:

X=0 for boy | ..
X=1for girl |°%

Conditioning Variables k

Plausible values should only be analysed
with data that were included in the
conditioning (otherwise, results may be
biased).

Aim: Maximise information included in the
conditioning, that is use as many variables
as possible.

To reduce number of conditioning variables,
factor scores from principal component
analysis can be used.

Use school means of performance takes
between-school variation into account (no
inclusion of school questionnaire data
needed)

Results from analysis with L
simulated data

« Simulation used to test bias in WLE, EAP

and PV estimates

Generating item responses

— True abilities are known

— True relationships between abilities and
background variables are known

— Within- and between school variances are
known

Simulated item responses were used to

estimate WLEs, EAPs and PVs with

ConQuest

Plausible values k

Model with conditioning variables will improve
precision of prediction of ability (population
estimates ONLY)

Multidimensional models improves estimates,
through using information about correlation
between dimensions.

Conditioning provides unbiased estimates for
modelled parameters.

For tests with more than one dimension multi-
dimensional scaling is recommended.

Outcomes of simulation studies - 1 L

 MEAN:
WLE, EAP and PV unbiased
« SD and PERCENTILES:
WLE overestimated
EAP underestimated
PV unbiased
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Outcomes of simulation studies - 2 L

« CORRELATION COEFFICIENT:
WLE underestimated
EAP-C overestimated
PV-C unbiased

REGRESSION COEFFICIENT:
WLE, EAP-C, PV-C unbiased

But RESIDUAL VARIANCE:
WLE overestimated

EAP-C underestimated
PV-C unbiased




Calculating of measurement k
error

¢ In PISA, TIMSS or PIRLS data files,
there are five plausible values for
each cognitive domain

« Using five plausible values enable
researchers to calculate estimates of
the measurement error

How to analyse PVs - 1 k

« Estimated mean is the AVERAGE
of the mean for each PV

M

» Sampling variance is the
AVERAGE of the sampling

variance for each PV

2 l S 2
i === 2. @5

(@) ()

ME

How to analyse PVs - 3 k

¢ ucan be replaced by any statistic
for instance:
-SD
- Percentile
- Correlation coefficient
- Regression coefficient
- R-square
- etc.

How to analyse PVs - 2 k

* Measurement variance computed
as:| | 1 o& . 2
O(pv) =Eg(ﬂv ’/4)
« Total standard error computed from

measurement and sampling
variance as:

1
_ |2 1y
B4y =000 + L+ M )y

Practice 1 L

» Compute combined standard error for
Science achievement in Australia (PISA
2006)

— Example_PVs.xls

Steps for estimating both
sampling and measurement error

« Compute statistic for each PV for fully
weighted sample

Compute statistics for each PV for 80
replicate samples

Compute sampling error (based on previous
steps)

Compute measurement error

Combine error variances to calculate
standard error

Steps L

Compute overall results as average of

five plausible values

Compute overall sampling variance

from average squared SEs for each PV

Compute measurement variance

— Sum of squared deviations from average
times 1/(M-1) = 0.25

Compute combined standard error

— Square root of overall sampling variance +
measurement variance times 1.2
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Questions?

Practice 2 L

* Reproducing parts of PISA 2003 report,
table 2.5c, page 351 (Maths
performance)

— Means (PV)

— Standard deviation (PV)

— Mean by male/female (PV)
— Difference male/female (PV)
— Percentiles (PV)




Practice 3 k

» Reproducing TIMSS 2003 report, page
16, exhibit 1.1 (Maths performance)
— Means (PV)
— Mean by male/female (PV)
— Difference by male/female (PV)

Practice 4 k

* Reproducing PISA 2003 table 2.5a,
page 349 (Maths proficiency levels)
— percentages for each proficiency level (PV)

PISA reporting of achievement by
guartiles of questionnaire indices

In PISA reports achievement means by
quartiles of questionnaire indices

To ensure equal distribution random
error is added to questionnaire index
scores

No exact replication possible

SPSS module provides tool for
producing results

A

Practice 5

¢ Reproducing PISA 2003 report, table
4.2e, page 387

— Recode FAMSTRUC into single-parent vs.
others

— Group percentages
— Maths performance by groups
— Difference by groups

Practice 6 k

* Reproducing parts of PISA 2003
international report, table 3.7, page 368
(variable MATHEFF, MATHS)

— Means
— Performance by quartile

Practice 7 L

¢ Use one PISA 2006 country data set
(e.g. Hong Kong data) to compute effect
sizes plus standard errors for
— Gender (make 0, 1 variable)
— Reading

Effect Sizes k

Instead of comparing absolute
differences researcher may want to
report standardised differences:

:[ﬁ_/}z

/o-f+o-22
2

SPSS replicates enables researchers to
estimate standard errors for single
variables and plausible values

Relative Risk - 1 L

* Measure of association between an
antecedent factor and an outcome
factor based on 4X4 table

« Calculation requires dummy variables
(coded 0 and 1).

« For example, the outcome variable
might be reaching a performance
benchmark (yes=1) and the antecedent
a student’s gender (female=1)

Relative Risk Ratio - 2 L

Outcome measure
Yes No Total

At Yes P Pi P

ntecedent No

plo Pa Pz P
Total P, P, p
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(Pa!Pp,)

¢ The resulting value how much more
likely a respondent would fall into the
category given the antecedent

RR o Pu/py)




Practice 8 k

* Use one PISA 2006 country data set
(e.g. Hong Kong data) and create
dummy variables for each plausible
value (Reading) for the proficiency level
3 and above (> value 480.2)

« Create five gender dummies (G1 to G5)
with male as 1 and female as 0

» Save dataset and use SPSS Replicates
Module
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Regression analysis

7510

A

Regression is...

» Explaining the distribution of a
dependent variable Y with...

« the distribution of one or more
independent variables X,, X,, ..., X,

Types of regression modelsk

« Linear regression

« Non-linear regression

« Logistical regression

« Time Series Regression

« Multi-level Regression (linear and
logistical)

Regression can be...

Bivariate with just one predictor
Multiple with various predictors

Path analysis, when there is more than
one dependent variables
Non-recursive, when two variables are
both dependent and independent with
respect to each other...

A

The linear OLS (Ordinary Least
Squares) regression model

« Regression equation

Yi =6+ B X +¢&
e Error term

& ~N(0,0°)

Graphical display of regression k
equation

Vo of ¥

Vsl of

Regression equation

Y =5+4X

¢ This equation can be graphically
represented by a straight line

« A equation with 2 variables (X, Y)
can be represented in a two-
dimensional space

Linear regression is based on: L

* Means: o2 X
N

» Variances: X X

var(x) = z

N-1
« Covariances: o o
X =X)Y =Y
cov(x, y) = 2K XN V)

N-1

Regression Parameters L

« Coefficient; . 2X X -)
(X -X)?
« Intercept: a=Y -bX

» Predicted Y: Y =a+bX

¢ Residual: e=Y-Y
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Partitioning of Variance k
Y consists of Y=Y +(Y =Y)+(Y-Y)

Var(Y) is >y =85, + S5,

. Oy’

Explained variance: fy = Z 7 7
XYy

Unexplained variance: ss,, = (1-r})s’

Multiple Regression k

* Equation becomes
Yi=a+ X, +[,X,+¢g

« Partial coefficients with standardised
scores can be simply calculated as

* ryl - ryzrlz
B=25"
-1

ryZ - ry1r12

¢ and B =
foln

Tests of significance k
(simple random samples)

» F-Test for regression F = M
g S, /N —k —1

« t-test for parameters t=?
b

+ SE for parameter s - %
\ X

Equation with two predictors: .
Y=5+2X,+3X,

Assumptions of linear L
regression

« Linearity of relationship

 Continuous nature of (at least) the
dependent variable

« Normality of distributions

* Homoscedasticity

» Absence of multicollinearity
(independent variables not being highly
correlated with each other)

Heteroscedasticity .

« Heteroscedasticity is caused by non-normality of one of
the variables, an indirect relationship between
variables, or to the effect of a data transformation.

Heteroscedasticity with skewness

Homoscedasticity with both
on one variable

variables normally distributed
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Standardised Coefficient k

» Regression coefficients can be
standardised as: B b Sy
SV
« In bivariate regression this is equal to
_cov(X,Y)
xy . .
5,8,
« Or a regression between

standardised variables 2, =2

How to judge whether a model is k
good?

« Explained variance proportion as
measures by R Square.

« Size of regression coefficients.

« Significance tests (F-test for model, t-
tests for parameters).

« Inclusion of all relevant variables
(Theory!).

« Is method appropriate?

Analysis of residuals L

¢ Usually done with standardised

residuals LY _y

Sy

« Detect outliers (extreme values can
distort estimates)

¢ Check random and even distribution




Multicollinearity - 1 k

* Means that one or more independent
variables are linear combination of other
independent variables

This can distort the estimation of
coefficients

Can lead to large standard errors for the
coefficients

Multicollinearity - 2 k

No ‘scientific’ rules

Check correlation between independent
variables

Use multicollinearity statistics (VIF, Tolerance)
Deletion of variable may lead to
misspecification of models

Sometimes variables can be combined (for
examples Mother's and Father’s education)

Use of Dummy Variables k

« Dichotomous or Categorical variables
can be recoded into dummies with (0,1).

« In a bivariate case this leads to the
intercept=mean(0), slope=mean(1).

* Sometimes interaction effects can be
modelled (different slopes for different
categories).

Use of standardised
coefficients k

Often thought to be ‘easier’ to interpret.
Standardisation depends on variances
of independent variables.
Unstandardised coefficient are generally
preferable (can be translated directly).
Standardised coefficients cannot always
be compared across populations.

Curvilinear relationships k

Often relationships are not linear, but
curvilinear (e.g. homework &
performance)

¢ This can be modelled by adding a
quadratic term to the equation:

Y, =a+BX+p,X"+e

Y=-1+2X+1X? k

Y=-1+2X-1X2 L

When does linear regression .
modelling become inappropriate?

« When the dependent variable is
dichotomous or polytomous (>> Logistical
Regression).

When data are sequential over time and
variables are ‘auto correlated’ (>> Time
Series Analysis).

When context effects need to be analysed
and slopes are different across higher level
units (>> Multi-level Analysis).
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Example: SES and performanceL

Relationship between SES and the performance in Mathematic

Student performance in Mathematic

0 10 20 30 40 50 60 i 80
Student SES




SES and performance
Yi =a+pX,

« Yi=250.5 + 5.5(SES)

A

SES and Maths performance k

Relationship between SES and the performance in Mathematic

¥ =250.5+ 5.5

Student performance in Mathematic

Stdent SES

Observed, predicted and residual .

Questions?

A

Practice 1

« Estimate regression model for
GENDATA_sample.sav
— Predictors: Gender, SES, PROG
« First using normal syntax

¢ Then with SPSS module to compute
correct standard errors

scores
Students SES Observed | Predicted | Residual
score Score
! 49 463 520 -57
2 53 384 542 -158
3 51 579 531 +48
4 42 404 481.5 -77.5
5 42 282 481.5 -199.5
Practice 2 k

Reproducing PISA 2003 Table 4.3a,
page 392

— Linear regression model (PV) Maths on
ESCS

— Quadratic regression model (PV) Maths on
ESCS

— Mean, standard deviation and skew of
ESCS

— Percentage of students with ESCS < -1.

Practice 3

* Reproducing Figure 4.9, page 176

— Graph of gradient based on quadratic
regression

¢ Use EXCEL spreadsheet SLOPE.XLS

A

439



	App02.pdf
	G8App02.pdf
	T07_G8_S01_Instructions_B1.pdf
	T07_G8_S01.pdf


	App03.pdf
	G8App03.pdf
	T07_G8_M05.pdf
	T07_G8_M05_Instructions_B5.pdf
	T07_G8_M05.pdf



	App04.pdf
	G4App04.pdf
	T07_G4_S01_Instructions_B1.pdf
	T07_G4_S01.pdf


	2009Spring_Princeton_Academy_Report.pdf
	2009Spring_Princeton_Academy_Report1.pdf
	2009Spring_Princeton_Academy_presentation.pdf
	01IERI Academy.pdf
	02.pdf
	03.pdf
	04.pdf
	05.pdf


	2009May_Singapore_ACER_Report_all.pdf
	2009May_Singapore_ACER_Report.pdf
	Binder1.pdf
	01.pdf
	02.pdf
	03.pdf
	04.pdf


	2009May_Singapore_ACER_Report_all.pdf
	2009May_Singapore_ACER_Report.pdf
	Binder1.pdf
	01.pdf
	02.pdf
	03.pdf
	04.pdf



