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Major Innovations in PISA 
2015 and Beyond
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Purposes of LSA

• The primary reason for developing and 
conducting large-scale assessment is to provide 
empirically grounded interpretations upon which 
to inform policy decisions.  The appropriate role 
for policy research is not to define policy; rather 
it is to establish a body of evidence from which 
informed judgments can be made. (Messick)

2
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Rationale of LSA

3

SES

Education

disability

Aging

Literacy

Outcomes

OutcomesCausal variables

Causal variables

Employment

Health

LL learning

Civic Participation

N-Language
Family

Confidential and Proprietary. Copyright © 2011 Educational Testing Service. All rights reserved.Confidential and Proprietary. Copyright © 2011 Educational Testing Service. All rights reserved.

• The OECD’s Program for International Student 
Assessment (PISA) is one of the most widely known 
large scale surveys.

• PISA assesses sampled in-school 15-year-old students in 
three core domains of Reading, Mathematics and 
Science, and 30 min. of background questions (BQ).

• Assessment every three years since 2000. 
• Participation has grown from 228,784 students from 43

countries in 2000 to 514,531 students from 32 countries 
in 2012, and more in 2015

4

What is PISA
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What PISA measures
• PISA measures what students have learned and been taught 

and how well they can extend what they have learned and apply 
that knowledge in new or unfamiliar settings, both in and outside 
of school. 

• The modern societies tend to reward individuals not for what 
they know, but for what they can do with what they know.  

• This focus on applications of skills instead of measuring the 
acquired knowledge has been implemented and gaining 
strength as seen in National Adult Liteacy Survey, NALS (1992), 
International Adult Literacy Surveys, IALS (1994), Adult Literacy 
and Life Skills Survey, ALL (2004), and most recently in 
Programme for the International Assessment of Adult 
Competences, PIAAC (2012). 
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General PISA Design

6

Cluster 
1

Cluster 
2

Cluster 
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4 BQ Other 

Domain

• A cluster is a set of items from one domain and 
expected to take less than 30 minutes to respond by 
most students.  A set of items in a cluster is unique.
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Goals of PISA 2015

• Fully computer delivered
• Reliable trend information on Reading, 

Mathematics, and Science
• Expanded construct of Science
• New domain: Collaborative Problem Solving
• Stable trend
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Major Issues of Past PISA

8
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Other Significant Changes in PISA 
Reading Literacy Scores
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Number of Items Used Before

Note: Major domains in green
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Conceptual Designs of Trend

13

Old PISA Design Concept New Design Concept

• Width of bars represents the number of respondents per item.

2006        2009        2012                       2015   2018  2021
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What do we gain?

• large linked databases
– Math, Reading, Science with 1.9 million students 
– Financial Literacy with a set of 2012 countries

• Integrated (5-cycle) evidence on:
– For an item: Item functioning over time
– For a country: Item by country interactions over time
– Study improvement of model-data fit with all data
– Non-Rasch items are not (necessarily) bad items

14
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What do we gain, again?

• Linking of cycles 2015, 2018,…
– ‘historical’ databases can be amended
– Gives raise to a tool for studying longer term trends
– Allows country by item (rather than by cycle) 

treatment
– Detect changes in item difficulty, by curriculum effects 

of PISA, or ‘leakage’ of items into instruction

• Forward looking:
– Basis for comparisons of PBA and CBA assessment
– Stable parameters for concurrent linking of 2015 cycle
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Creating the Database

Year 2000 2003 2006 2009 2012

Student 228,784 276,165 398,750 515,958 514,531

Country 43 41 57 74 68

Total N: 1,934,188

The analysis used all available (published data)
Funded under ETS research allocation
Used existing public documentation & data

16
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Comparison to Published Data
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Creating the Database:
More General IRT Models

• The data for math, reading, science, and financial literacy 
were concurrently calibrated using more general IRT models

– Rasch/PCM Model (baseline), (2000-2012)
– 2PL/GPCM Model
– Rasch/2PL (PCM/GPCM) Hybrid 

• (item slopes released for some items)
– Rasch/2PL (PCM/GPCM) IBCI 

• (accounting for item-by-country interactions)

18

－23－



Confidential and Proprietary. Copyright © 2011 Educational Testing Service. All rights reserved.Confidential and Proprietary. Copyright © 2011 Educational Testing Service. All rights reserved.

Rasch Model 2PL Model
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Example of Item by Country Interaction

20
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Model Fit and Item Fit Evaluation

• Overall Model fit was evaluated using AIC and BIC

• Item fit was evaluated using the Mean Deviation (MD) and the Root Mean 
Squared Deviation (RMSD)

• MD and RMSD were calculated for all items in each country-language 
group

• RMSD values greater than 0.2, and MD values greater than 0.2 or smaller 
than -0.2, respecting the small sample size per country, were considered 
as deviations
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Model Fit

BIC (Schwarz, 1978) reported in the table

Scoring Model Math Reading Science Fin Lit

Omit is Wrong

Rasch 26400730 30968125 29908518 3857879
2PL 26118134 30675531 29585732 3814562

Hybrid 26175012 30691983 29591677 3818645
Hybrid IBCI 25946516 30472304 29302806 3804268

Omit is not-
reached

Rasch 24170443 28198612 27918199 3619855
2PL 23952026 27966585 27676158 3584239

Hybrid 23999181 27984532 27681378 3590496
Hybrid IBCI 23787968 27720962 27372668 3564699

22
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Improved Model Fit
Large 

Deviations Rasch 2PL Hybrid Hybrid 
IBCI

Math
(N=15,795)

N 549 397 415 4

Percent 3.48% 2.51% 2.63% 0.03%

Reading
(N=18,603)

N 1,233 960 962 250

Percent 6.63% 5.16% 5.17% 1.34%

Science
(N=16,223)

N 921 717 708 8

Percent 5.68% 4.42% 4.36% 0.05%

Fin Lit 
(N=718)

N 29 23 23 5

Percent 4.04% 3.20% 3.20% 0.70%

Note: Deviations defined as item*country*cycle RMSD greater than 0.15
23 Confidential and Proprietary. Copyright © 2011 Educational Testing Service. All rights reserved.Confidential and Proprietary. Copyright © 2011 Educational Testing Service. All rights reserved.

Improved Model Fit
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Retained Rasch Items

Total Number 
of Items

Rasch # 
Retained

Rasch % 
Retained

Math
179 77 43%

Reading 223 42 19%
Science

133 19 14%
Financial Lit. 40 15 38%

Note: Rasch items (slope=1.0) retained under the Hybrid and Hybrid 
IBCI models
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Summary
• Created a comprehensive database using all available 

PISA items across the 5 cycles
• Compared to the Rasch model Hybrid IBCI model fits the 

data best for all content domains
– A number of items were still retained as Rasch items
– Most items exhibit some item-by-country-by-cycle 

interactions that can be accounted for by the Hybrid 
IBCI model

• Created a database using Hybrid IBCI model containing 
common item parameters across each of the three 
domains that can be used to estimate trends with PISA 
2015

26
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Field Test Analysis
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Conceptual Designs of Trend

28

Old PISA Design Concept New Design Concept

• Width of bars represents the number of respondents per item.

2006       2009     2012                                     2015   2018  2021
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Sample=1950
(25 schools,
78 students)

Group 1 - PBA Trend
(Forms 01-18)

Group 2 - CBA Trend
(Forms 31-48)

Group 3 – CBA New 
Sci/CPS

(Forms 49-72)

P=0.23
N= 450

P=0.42
N= 800

P=0.35
N= 700

01-06

(S & M)

07-12

(M &R)

13-18

(R & S)

31-36

(S & M)

37-42

(M & R)

43-48

(R & S)

49-60

(New S)

61-72

(New S & CPS)

FT Assessment Design (CBA)
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Response Time Decreases 
by Cluster Position (min)

30

Position 1 Position 2 Position 3 Position 4 Position 4-
Position 1*

Mathematics 19.76 18.84 17.26 16.03 -3.72

Reading 24.11 21.47 20.75 18.44 -5.67

Science 22.32 20.61 19.21 17.11 -5.21

CPS 22.67 21.26 20.96 18.79 -3.88

FL 19.49 14.49 -5.00

• Students spent fair amount of time.
• Considering response accuracy was not affected by cluster 

position, reduced response time may indicate response efficiency.

Note: Cluster response time is a sum of time spent on responding to every item.
The two FL clusters alternated positions.
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CBA Reduces Cluster Position 
Effect

31

Position 
1

Position 
2

Position 
3

Position 
4

Position 4-
Position 1

Mathematics 0.411 0.401 0.384 0.371 -0.040

Reading 0.581 0.557 0.532 0.499 -0.083

Science 0.490 0.478 0.457 0.435 -0.055

Position 
1

Position 
2

Position 
3

Position 
4

Position 4-
Position 1

Mathematics 0.439 0.454 0.432 0.427 -0.012

Reading 0.575 0.580 0.566 0.544 -0.031

Science 0.409 0.418 0.401 0.385 -0.024

2009

2015

P+: Proportion correct averaged across countries
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Cluster Level Response Time 
by Proxy Skill Level (min)

32

Low Ability Moderate 
Ability High Ability Difference 

(High-Low)

Mathematics 15.17 18.97 20.92 5.65

Reading 18.97 22.60 23.64 4.67

Science 17.45 21.31 22.86 5.41

CPS 19.69 22.23 22.77 3.08

Financial Literacy 15.76 19.97 22.11 6.35
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Average Response Time of 
Mathematics Items by Proxy Level
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Data Quality: Summary

• Random student assignment worked well, but…
• High coder reliability overall, but… 
• Advantage of CBA over PBA

– Fewer omitted responses
– Reduced cluster position effect on P+ 

decline
– Response time improves data quality

• Item response time is driven by item demands 
and students’ ability not by country nor by 
position 
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Establishing Comparability 
Through IRT Scaling

36
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Establishing Comparability Through 
IRT Scaling - 1

• PISA 2015 needs to establish comparability across cycles, assessment 
modes, and countries for trend items in the domains Science, Math, 
Reading, and Financial Literacy; and comparability across countries for 
new Science items and CPS

• The best way to achieve this is through building common scales 

• This was done through a multi-step process requiring:

1) establishing  comparability between historical PISA data (cycles from 
2000-2012) and the PISA 2015 Field Trial in each domain for PBA 

2) establishing comparability across countries in each domain for CBA

3) establishing  comparability between modes of assessment (PBA, 
CBA) in each domain 
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Science-new Scale – CBA
Deviation Across Countries
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Examining CBA/PBA consistency 
with Field Test data

• The 3 student groups in the FT establish a basis for 
comparing CBA and PBA using randomly equivalent 
samples from the same student population(s)

• Initial IRT modeling targeted the equivalency of item 
functions in PBA and CBA modes

• Evaluation of item parameters based on international 
comparability + graphical model checks

40
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Comparison of Slope Parameter 
Estimates Across PBA and CBA

y = 0.9812x - 0.0394
R² = 0.7945

y = 1.0185x - 0.0435
R² = 0.801

y = 0.9415x + 0.0822
R² = 0.822

y = 0.9777x - 0.0003
R² = 0.8815
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y = 0.9011x + 0.1145

R² = 0.882

y = 1.0686x + 0.2097
R² = 0.9139

y = 0.8744x + 0.126
R² = 0.8905

y = 0.9103x + 0.1429
R² = 0.8569

-3

-2

-1

0

1

2

3

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

CB
A 

b 
va

lu
e

PBA b value

CMC

Computer

Human

SMC

(CMC)

(Computer)

(Human)

(SMC)

Comparison of Difficulty Parameter 
Estimates Across PBA and CBA
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Summary: IRT Modeling for linking 
PBA and CBA scales 

• A series of extended IRT models was estimated to 
examine the high level of agreement seen in graphical 
model checks

• The majority of items show strong measurement 
invariance, while the remainder of items still shows a 
weaker form of invariance

• Between PBA and CBA, we expect to see 75%-85% 
common parameters across domains

• This corresponds to roughly 4-5 of the 6 trend clusters, a 
stronger link than in past cycles
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Cognitive Assessment Design
2015 PISA Main Study

44
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Benefits and Features of Design

• Reduced systematic errors due to incomplete 
coverage of the constructs by expanded construct 
coverage across M-m-m cycles

• Three assessments (M-m-m) over 9 years can be 
thought as a package instead of 3 independent trend 
points

• Allow to introduce sizeable changes through renewed 
measurement constructs every 9 years
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Many Clusters for Each Domain

• Reading has 6 clusters of trend items,
• Mathematics has 6 clusters of trend items,
• Financial Literacy has 2 clusters of trend items,
• CPS has 3 clusters of new items,
• Science has 6 clusters of trend items and 6 clusters of 

new items.

A cluster is a set of items from one domain and 
expected to take less than 30 minutes to respond by 
most students.  A set of items in a cluster is unique.
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P=0.33

P=0.33

P=0.22

P=0.04

P=0.04

P=0.046300
150 schools 
42 students

MS CBA Design Detail

12 Forms
Science 
Reading

12 Forms
Science

Mathematics

6 Forms
Science 

CPS

12 Forms
Science 
Reading 

CPS

12 Forms
Science 
Reading 

Mathematics

12 Forms
Science 

Mathematics 
CPS

S S R1 R2 
S S R2 R3 
S S R3 R4 
S S R4 R5 
S S R5 R6ab 
S S R6ab R1 

R1 R3 S S 
R2 R4 S S 
R3 R5 S S 
R4 R6ab S S 
R5 R1 S S 

R6ab R2 S S 
S S M1 M2 
S S M2 M3 
S S M3 M4 
S S M4 M5 
S S M5 M6ab 
S S M6ab M1 

M1 M3 S S 
M2 M4 S S 
M3 M5 S S 
M4 M6ab S S 
M5 M1 S S 

M6ab M2 S S 
S S M1 R1 
S S R2 M2 
S S M3 R3 
S S R4 M4 
S S M5 R5 
S S R6ab M6ab 

R1 M1 S S 
M2 R2 S S 
R3 M3 S S 
M4 R4 S S 
R5 M5 S S 

M6ab R6ab S S 
S S C1 M1 
S S M2 C2
S S C3 M3 
S S M4 C3
S S C2 M5 
S S M6ab C1

M1 C2 S S 
C3 M2 S S 
M3 C1 S S 
C1 M4 S S 
M5 C3 S S 
C2 M6ab S S 
S S R1 C1
S S C2 R2 
S S R3 C3
S S C3 R4 
S S R5 C2
S S C1 R6ab 

C2 R1 S S 
R2 C3 S S 
C1 R3 S S 
R4 C1 S S 
C3 R5 S S 

R6ab C2 S S 
S S C1 C2
S S C2 C3
S S C3 C1

C2 C1 S S 
C3 C2 S S 
C1 C3 S S 

66 Forms

First hour          Second hour
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P=0.33
N=2080

MS CBA: 2 Domain Forms
Forms 31-42
2 Domains

Science 
Reading

Form Cluster 1 Cluster 2 Cluster 3 Cluster 4 
31 S S R1 R2 
32 S S R2 R3 
33 S S R3 R4 
34 S S R4 R5 
35 S S R5 R6ab 
36 S S R6ab R1 
37 R1 R3 S S 
38 R2 R4 S S 
39 R3 R5 S S 
40 R4 R6ab S S 
41 R5 R1 S S 
42 R6ab R2 S S 
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Science Clusters Design1
SCIENCE CBA cluster pairs

Second Cluster
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12

fir
st

 c
lu

st
er

S1 1 2
S2 34 3
S3 4 5
S4 6 7
S5 35 8
S6 36 9
S7 10 19 20 21
S8 11 12 22 23
S9 13 14 24 25
S10 15 26 27 28
S11 16 17 29 30
S12 18 31 32 33

1st cluster 2 2 2 2 2 2 4 4 4 4 4 4
2nd cluster 2 2 2 2 2 2 4 4 4 4 4 4
total 4 4 4 4 4 4 8 8 8 8 8 8

Trend Clusters:
S1-S6

New Clusters:
S7-S12
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Science Clusters Design2

Pairs 1st 2nd
1 S1 S7
2 S1 S10
3 S2 S8
4 S3 S9
5 S3 S12
6 S4 S7
7 S4 S10
8 S5 S11
9 S6 S12

10 S7 S6
11 S8 S1
12 S8 S5
13 S9 S2
14 S9 S6
15 S10 S3
16 S11 S2
17 S11 S4
18 S12 S5

Pairs 1st 2nd
19 S7 S8
20 S7 S9
21 S7 S11
22 S8 S10
23 S8 S12
24 S9 S8
25 S9 S11
26 S10 S7
27 S10 S9
28 S10 S12
29 S11 S8
30 S11 S10
31 S12 S7
32 S12 S9
33 S12 S11

Pairs 1st 2nd
34 S2 S4
35 S5 S1
36 S6 S3

Trend (S1-S6) & New (S7-S12) Both New (S7-S12) Both Trend (S1-S6) 
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Science Clusters Selection
Form Random number

1 2 3 4 5 6
31 1 13 6 9 22 25
32 2 16 12 10 31 32
33 11 5 17 14 26 29
34 35 4 7 19 23 30
35 34 15 8 20 24 28
36 36 3 18 21 27 33
37 35 4 7 19 23 30
38 34 15 8 20 24 28
39 36 3 18 21 27 33
40 1 13 6 9 22 25
41 2 16 12 10 31 32
42 11 5 17 14 26 29

1-18: Trend & New Clusters
19-33: Both New Clusters
34-36: Both Trend Clusters
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Sample Science Items

52
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Questions and Discussion

60

－30－



Major innovations in PISA 2015 and beyond 
 

Kentaro Yamamoto 
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November, 2014 

 
 
 
Introduction 
 

The OECD Program for International Student Assessment (PISA) is one of the most widely 
known large scale surveys on three of the main academic subject domain skills and background questions 
of secondary school students across many countries in the world.  PISA assesses statistically sampled 15-
year-old students who attend schools in participating countries in three core domains of Reading, 
Mathematics and Science every three years since 2000.  Participation has grown from 228,784 students 
from 43 countries in 2000 to 514,531 students from 68 countries in 2012.  

Over the years, important innovations in terms of both assessment domains and mode of delivery 
have been introduced. Through the inclusion of innovative assessment domains, PISA has sought to 
broaden the range of knowledge and skills measured in this international assessment of 15-year-old 
students. These innovative domains have included assessments of problem-solving competences in 2003 
and 2012, and of non-cognitive dispositions such as self-assessments of learning strategies in 2000 and 
attitudes toward science in 2006. Beginning in 2006, in recognition of the expanding role of technology in 
educational systems, the workplace, and everyday life, innovative computer-based modules have been 
included in each cycle of PISA. These included the Computer-Based Assessment of Student Skills in 
Science in 2006 and the PISA 2009 Electronic Reading Assessment. In 2012, computer-based 
assessments were administered for Reading, Mathematics, and Problem Solving. In each cycle, computer-
based modules were optional, but the number of countries participating in these options increased steadily 
over the years.  

PISA examines not only what they have learned and been taught but also examines how well they 
can extrapolate from what they have learned and apply that knowledge in new or unfamiliar settings, both 
in and outside of school. This approach reflects the fact that modern societies tend to reward individuals 
not for what they know, but for what they can do with what they know.  This notion of assessment of 
successful applications of skills instead of measuring the acquired knowledge has been implemented and 
gaining strength as seen in National Adult Liteacy Survey (NALS) in 1992, International Adult Literacy 
Surveys (IALS) in 1994, Adult Literacy and Life Skills Survey (ALL) in 2004, and most recently in 
Programme for the International Assessment of Adult Competences (PIAAC) in 2012.  
 
 
Historical PISA (2000-2012) 
 In each cycle, one domain is identified as the major domain while the other two are treated as 
minor domains. This distinction is important because the amount of time allotted for the measurement of 
each domain is standardized for each participating school and student, as is the number of students who 
are sampled. This means that the total volume of data that is collected in each cycle is determined by the 
number of assessment items and the number of students who respond to each item. 

PISA emphasized the major domain in each cycle at the expense of the volume of data collected 
in each of the minor domains. This was done primarily by reducing the number of items or the 
representation of constructs in each of the minor domains. Often, the number of items for the minor 
domains was reduced by a factor of 3 or 4, while maintaining a sufficient sample size per item. This 
choice was, among other things, based on the operational consideration of limiting the number of booklets 
in a paper�based assessment. In addition, it enabled the estimation of item parameters without 
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the need of borrowing or carrying over item parameter information from previous cycles. 
The reduction of the number of items from nearly 130 for a major domain to about 30 or 40 for 

minor domains brings with it the potential for introducing systematic errors because items are neither 
deleted nor selected at random and the presence of item�by�country interactions is more pronounced in 
smaller item samples. In addition, one can argue that even if the “best possible” items are selected, a 
reduction in the number of items used in a given cycle by a factor of 3 or 4 will reduce the content 
coverage of practically every assessment of student skills. This item reduction approach may have 
introduced unintended bias due to poorer representation of the construct compared to the major domain 
assessment. While such effects can be ignored if there are no item�by�country interactions within a 
domain in terms of bias, a recent article by Gebhardt & Adams (2007) as well as recent chapters by 
Urbach (2012) and Carstensen (2012), point out that these effects are more salient in some countries.  
 

PISA, like many large scale surveys, used a BIB spiral design in order to reduce respondent’s 
burden while using relatively large number of items to represent the measurement construct as thoroughly 
as possible, i.e., a student received a subset of items instead of all items in the item pool.  Following table 
below shows the booklet design for 2003 PISA when Mathematics was the major domain, Reading and 
science were the minor domains and problem solving was the innovative domain.   Every cluster was 
balanced in terms of position distributed among 4 out of 13 unique booklets.  
 
Table 1: 2003 PISA Booklet Design 
 

 
 

 IRT model has been used for all past PISA surveys using random samples of 500 students from 
each of participating countries, i.e., about 150 students per item per country, thus it is too small to detect 
item by country interaction.  Item by country interaction was assumed non-existent and a single model 
item calibration was carried out. 
 Every cycle, similar item calibration was carried out based on the data collected in one cycle 
without using data from other previous cycles.  In order to evaluate trend on the comparable scale, scale 
equating was carried out by matching the distributions of item parameters.  Since Rasch models was used 
in the past, i.e., an additive constant was used to match means of location parameters from multiple cycles.  
This resulted in the trend items administered in multiple cycles having different item parameters for each 
cycle. 
 
 
  

Booklet Cluster1 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 PS2 M6 
11 R2 PS1 M1 M7 
12 PS1 PS2 M2 S1 
13 PS2 M1 M3 S2 
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2015 PISA conceptual design: Major minor distinction reduced 
Any assessment must contend with two types of errors — random and systematic. Random errors 

do not result in bias but do increase uncertainty and, therefore, the precision of results. Systematic errors, 
on the other hand, introduce bias especially in the measurement of trends, and are less desirable because 
their direction is unknown and not easily quantified or controlled for by statistical means. All large-scale 
surveys, including PISA, struggle with these two sources of error and aim to control them by optimising 
the assessment design, as well as sample size, sampling methods, and other contributing factors. An 
increase in random errors will reduce the ability to detect differences among groups of interest and can 
typically be offset by increasing sample size. However, an increase in systematic errors not only reduces 
the ability to detect differences, but also may lead to the attribution of false differences; i.e., differences 
that are considered significant, even though the true differences are negligible, or even zero. Because of 
the possibility of introducing bias, a reduction in systematic errors is generally preferable over a reduction 
of random error components.  

Figure 1 below provides a graphic representation of the relative difference in construct coverage 
between the major and minor domains as implemented from 2000–2012. The vertical height of each bar 
represents the proportion of items measured in each assessment cycle by domain, while the width conveys 
the relative number of students who respond to each item within each domain. The reduced height of the 
bars for the minor domains is intended to represent the reduction of items in that domain and therefore the 
degree to which construct coverage has been reduced.  
 
Figure 1. Comparison of Construct Coverage in the 2000–2012 PISA Design by Major and Minor 
Domains 

 
 
 

 ETS proposed a new approach to measuring trends for PISA 2015 and believes it should be 
continued for 2018 and beyond. The design stabilizes the trend through reducing potential bias by 
including all (or almost all) of the items in each minor domain while reducing the number of students 
responding to each item. This strategy also keeps the volume of data the same for each cycle and 
increases the construct coverage for the minor domains, while reducing the number of students 
responding to each item. The result is that the construct representation for each minor domain is at a level 
comparable to the major domain cycle. More importantly, this approach reduces the potential for bias 
introduced due to item�by�country interactions and the switch from major to minor domains in the 
current design. The result both stabilizes and improves the measurement of trend.  

The approach adopted in 2015 is represented graphically in Figure 2 below. As represented by the 
vertical bars, the construct coverage for the minor domain is comparable to the major domain design, at 
the expense of reducing the number of students who respond to each of the minor domain trend items. 
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This reduction of student responses per minor trend item is represented in the figure by the narrowing of 
the bars for the two minor domains.  
 
Figure 2. Approach Used to Balance Major/Minor Domains in 2015 and Beyond 

 
Under this approach for measuring trends, each domain goes through a “domain rotation” or a 

nine�year period that begins with a new or revised framework and continues with the two subsequent 
cycles in which it is a minor domain. As an example, for Reading Literacy, one domain rotation would be 
2009, 2012, and 2015 and another will become 2018, 2021, and 2024 moving forward. Thinking about 
the assessment design in terms of this domain rotation clarifies the specific function of each cycle within 
that nine�year period and the importance of the construct. Over a domain rotation, each major and minor 
cycle serves a specific function in terms of its contribution to the measurement of trend. Information 
about item functioning is carried across each domain rotation, with the choice of which items to carry 
forward being based on the most accurate item parameter estimation (occurring when a construct is 
measured as a major domain). The set of items that are carried forward in the rotation represents the 
construct. In this way, the notion of trend is defined both by the coverage of the construct and by the 
statistical methodology employed.  

 

Main Study Assessment Design 

The Main Study assessment design for PISA 2015 covers the domains of reading, mathematical 
and scientific literacy as computer-based and paper-based designs with the computer-based design adding 
the fourth domain of collaborative problem solving.  A computer-based design for countries opting out of 
the assessment of Collaborative Problem Solving is described as part of the next section. These designs 
require participating countries to sample a minimum of 150 schools representing their national population 
of 15-year-old students.  Countries taking the computer-based assessment will need to sample 42 students 
from each of 150 schools for a total sample of 6,300 students while countries taking the paper-based 
assessment will need to sample 35 students from each of 150 schools for a total sample of 5,250.  It is 
important to understand that 88% to 92% of students will receive a form that consists of four 30-minute 
clusters (or sets of tasks) assembled from two domains, resulting in one hour of assessment time per 
domain, with a total of two hours of testing time per student. An additional 8% to 12% of students will 
receive forms that consist of four 30-minute clusters covering three of the four core domains. Scientific 
Literacy is included in each of these forms.    
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Main Study CBA Assessment Design  

This design includes six intact clusters from each of the trend domains of Scientific, Reading and 
Mathematical Literacy based to the extent possible on the assessment cycle when each was the major 
domain – 2006 for Scientific Literacy, 2009 for Reading Literacy and 2012 for Mathematical Literacy. 
Additionally, it also includes six clusters of new Scientific Literacy and 3 clusters of Collaborative 
Problem Solving materials based on the new 2015 Frameworks.  The six intact clusters will provide trend 
information for Mathematical and Reading Literacy.  The six intact clusters of Scientific Literacy tasks 
will carry not only the trend information but also link to the new items developed to reflect the 2015 
framework – this was done as part of the Field Trial analysis, including the mode study.  In addition, three 
clusters of CPS items will be assembled for the Main Study. These materials will be organized according 
to the scheme shown in Figure 3 below (Forms 31-96). 
 
Figure 3. Main Study Computer-Based Assessment Design 
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As reflected in Figure 3, there are 30 different test forms that combine two of the four domains – 
88 percent of students receive one of these forms. These combinations include: i) Scientific and Reading 
Literacy (Forms 31-42), ii) Scientific and Mathematical Literacy (Forms 43-54), and iii) Scientific 
Literacy and Collaborative Problem Solving (Forms 91-96).  In these test forms, students take one hour of 
Scientific Literacy (one cluster each of trend and new science) plus one hour of a another domain – 
Reading, Mathematical Literacy or Collaborative Problem Solving.  These 30 test forms provide strong 
pairwise covariance information between Scientific Literacy and each of the three other domains. 

In addition, there are 36 additional forms providing covariance information about three of the 
four domains. 12 percent of students receive one of these forms.  In these forms, students receive one 
hour of Scientific Literacy plus two 30-minute clusters of items from each of the other three domains.  
These combinations are: iv) Scientific, Reading and Mathematical Literacy (Forms 55-66); v) Scientific 
and Mathematical Literacy and Collaborative Problem Solving (Forms 67-78), vi) Scientific and Reading 
Literacy and Collaborative Problem Solving (Forms 79-90). It is important to note that these three-
domain test forms will ensure that all covariance estimates among the four domains are indeed based on 
the joint assessment of the domains. 

As Scientific Literacy is the major domain for 2015, it is paired with one or two of the other three 
domains, and each of the different combinations of domains is balanced in terms of position to provide 
important covariance information. The design also reflects the fact that the random assignment of a form 
within a school follows a specific probability.  According to this design, 33% of students within each 
school will be assigned to one of 12 Scientific and Reading Literacy test forms.  Another 33% will be 
assigned to one of 12 Scientific and Mathematical Literacy test forms. In addition, some 22% of the 
sampled students within each school will be assigned to one of the 12 Scientific Literacy and CPS test 
forms.  To provide additional covariance information, 4% percent of students will be assigned to one of 
12 Scientific Literacy, Mathematical Literacy and CPS test forms; 4% to one of 12 Scientific Literacy, 
Reading Literacy and CPS test forms; and 4% to one of 12 Reading, Mathematical, and Scientific 
Literacy test forms1.  

The rotation of clusters – which identifies the form to be received by the respondent – will occur 
in a multi-step process that will take place when students are sampled.  

 
STEP 1: Assignment of the base test form 

The first step will be the assignment of base test forms. This assignment will be based on the 2-
digit random number identified as “CC”. This number will range from 31-96 and is directly linked to a 
specific base test form that is shown in Figure 4. These base test forms are useful in identifying the actual 
location and clusters for Math and Reading but only identify the location of Science clusters (i.e., which 
Science clusters are not yet assigned; these are only identified as “S”). The probability of assignment of 
each form type is also shown in column “Probability” and varies from 33% to 4% according to the 
combination of domains.  

 
 
 

 
                                                 
1 These percentages are based on random assignment of test forms to students across schools. Each student in each classroom has a real probability of 

receiving any of the forms. 
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Figure 4. Main Study Computer-Based Assessment Base Test Forms 

Probability 
of 

assignment 

Base 
Test 

Forms  

Cluster 
1  

Cluster 
2  

Cluster 
3  

Cluster 
4  

Probability 
of 

assignment

Base 
Test 

Forms 

Cluster 
1  

Cluster 
2  

Cluster 
3  

Cluster 
4  

33% 
 
 

31 S  S  R1  R2 

4% 
 
 

67 S  S  C1 M1  
32 S  S  R2  R3 68 S  S  M2  C2 
33 S  S  R3  R4 69 S  S  C3 M3  
34 S  S  R4  R5 70 S  S  M4  C3 
35 S  S  R5  R6ab 71 S  S  C2 M5  
36 S  S  R6ab R1 72 S  S  M6ab C1 
37 R1  R3  S  S  73 M1  C2 S  S  
38 R2  R4  S  S  74 C3 M2  S  S  
39 R3  R5  S  S  75 M3  C1 S  S  
40 R4  R6ab  S  S  76 C1 M4  S  S  
41 R5  R1  S  S  77 M5  C3 S  S  
42 R6ab  R2  S  S  78 C2 M6ab  S  S  

33% 
 
 

43 S  S  M1 M2 

4% 
 
 

79 S  S  R1  C1 
44 S  S  M2 M3 80 S  S  C2 R2  
45 S  S  M3 M4 81 S  S  R3  C3 
46 S  S  M4 M5 82 S  S  C3 R4  
47 S  S  M5 M6ab 83 S  S  R5  C2 
48 S  S  M6ab M1 84 S  S  C1 R6ab 
49 M1  M3  S  S  85 C2 R1  S  S  
50 M2  M4  S  S  86 R2  C3 S  S  
51 M3  M5  S  S  87 C1 R3  S  S  
52 M4  M6ab  S  S  88 R4  C1 S  S  
53 M5  M1  S  S  89 C3 R5  S  S  
54 M6ab  M2  S  S  90 R6ab  C2 S  S  

4% 
 
 

55 S  S  M1 R1 

22% 
 
 

91 S  S  C1 C2 
56 S  S  R2  M2 92 S  S  C2 C3 
57 S  S  M3 R3 93 S  S  C3 C1 
58 S  S  R4  M4 94 C2 C1 S  S  
59 S  S  M5 R5 95 C3 C2 S  S  
60 S  S  R6ab M6ab 96 C1 C3 S  S  
61 R1  M1  S  S   
62 M2  R2  S  S        
63 R3  M3  S  S   
64 M4  R4  S  S   
65 R5  M5  S  S   
66 M6ab  R6ab  S  S   

  

Where: 
 R1-R6 represent Reading clusters in computer (Trend) 
 M1-M6 represent Math clusters in computer (Trend) 
 S represents Science clusters in computer (Trend and New) 
 C1-C3 represent Collaborative Problem Solving clusters in computer (New) 
 a represents standard clusters and b represents easier clusters 
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STEP 2: Assignment of science cluster pairs 
The second step will be the assignment of science clusters. This assignment will be based on the 

1-digit random number , “S”. This number will range from 1-6, will be uniformly distributed, and will be 
used in combination with the base form (e.g., selected by the first 2-digit random number) to identify 
which combination of Science clusters a student will receive. Figure 5 shows the lookup table where the 
31-96 base forms are identified by the rows and the 1-6 lookup numbers are identified by the columns. 
The combination of these two numbers will identify which of the 36 possible combinations of science 
clusters will be inserted into the assigned base test form.   

Figure 5. Lookup Table for Random Number “S” 

Base 
Form 
(CC) 

Random number (S) Base 
Form 
(CC)

Random number (S) 

1 2 3 4 5 6 1 2 3 4 5 6 
31 1 13 6 9 22 25 64 1 13 6 9 22 25 
32 2 16 12 10 31 32 65 2 16 12 10 31 32 
33 11 5 17 14 26 29 66 11 5 17 14 26 29 
34 35 4 7 19 23 30 67 1 13 6 9 22 25 
35 34 15 8 20 24 28 68 2 16 12 10 31 32 
36 3 36 18 21 27 33 69 11 5 17 14 26 29 
37 35 4 7 19 23 30 70 35 4 7 19 23 30 
38 34 15 8 20 24 28 71 34 15 8 20 24 28 
39 3 36 18 21 27 33 72 3 36 18 21 27 33 
40 1 13 6 9 22 25 73 35 4 7 19 23 30 
41 2 16 12 10 31 32 74 34 15 8 20 24 28 
42 11 5 17 14 26 29 75 3 36 18 21 27 33 
43 1 13 6 9 22 25 76 1 13 6 9 22 25 
44 2 16 12 10 31 32 77 2 16 12 10 31 32 
45 11 5 17 14 26 29 78 11 5 17 14 26 29 
46 35 4 7 19 23 30 79 1 13 6 9 22 25 
47 34 15 8 20 24 28 80 2 16 12 10 31 32 
48 3 36 18 21 27 33 81 11 5 17 14 26 29 
49 35 4 7 19 23 30 82 35 4 7 19 23 30 
50 34 15 8 20 24 28 83 34 15 8 20 24 28 
51 3 36 18 21 27 33 84 3 36 18 21 27 33 
52 1 13 6 9 22 25 85 35 4 7 19 23 30 
53 2 16 12 10 31 32 86 34 15 8 20 24 28 
54 11 5 17 14 26 29 87 3 36 18 21 27 33 
55 1 13 6 9 22 25 88 1 13 6 9 22 25 
56 2 16 12 10 31 32 89 2 16 12 10 31 32 
57 11 5 17 14 26 29 90 11 5 17 14 26 29 
58 35 4 7 19 23 30 91 1 13 6 9 22 25 
59 34 15 8 20 24 28 92 2 16 12 10 31 32 
60 3 36 18 21 27 33 93 11 5 17 14 26 29 
61 35 4 7 19 23 30 94 35 4 7 19 23 30 
62 34 15 8 20 24 28 95 34 15 8 20 24 28 
63 3 36 18 21 27 33 96 3 36 18 21 27 33 

 
Using the two random numbers, base test form identified by the 2-digit number as rows and the 1-

digit random number as columns, Figure 6 shows the 36 possible Science Clusters combination (e.g., 
rotation of Science clusters S1 to S12) that will be inserted into the selected base test form.   
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 Figure 6. Main Study Computer-Based Assessment Assignment of Science Cluster Pairs 

 Science Cluster 
Combination 

 Science Cluster Combination

N S S  N S S 
1 S1 S7  19 S7 S8 
2 S1 S10  20 S7 S9 
3 S2 S8  21 S7 S11 
4 S3 S9  22 S8 S10 
5 S3 S12  23 S8 S12 
6 S4 S7  24 S9 S8 
7 S4 S10  25 S9 S11 
8 S5 S11  26 S10 S7 
9 S6 S12  27 S10 S9 

10 S7 S6  28 S10 S12 
11 S8 S1  29 S11 S8 
12 S8 S5  30 S11 S10 
13 S9 S2  31 S12 S7 
14 S9 S6  32 S12 S9 
15 S10 S3  33 S12 S11 
16 S11 S2  34 S2 S4 
17 S11 S4  35 S5 S1 
18 S12 S5  36 S6 S3 

 

 
 

Coding of open ended questions 
Throughout all large-scale assessments, the essential activities associated with maintaining 

scoring consistency are the same. Typically, the required procedure to monitor scoring reliability is to 
have a portion of the items double scored (i.e., scored independently by two different scorers), and then 
compare the resulting scores to measure agreement.  

The goals of such procedures are to ensure the accuracy and reliability of scoring within countries 
and identify scoring inconsistencies or problems early in the process so that interventions can be applied 
and problems resolved as soon as possible. In general, inconsistencies or problems arise because scorers 
misunderstand general scoring guidelines and/or a specific rule relating to a particular item. Double 
scoring yields a reliability measure that represents the extent to which two scorers agree on how a 
particular response should be scored, and thus demonstrates how comparably the scoring guideline is 
being interpreted and applied. The goal in PISA is to reach a within-country inter-rater reliability of 0.92 
(92% agreement) across all items, with at least 85% agreement for each item.  

When discrepancies among scorers occur, experience has shown that they fall into two distinct 
classes.  

• _The first type of discrepancy reveals a consistent bias on the part of one scorer — for example, 
Scorer 1 may be consistently scoring more leniently than other scorers. To detect and address 
such discrepancies, countries are required to monitor reliability at key points during the scoring 
process so that problematic scorers can be retrained or, if necessary, dismissed.  
• _The second type of scoring problem that can be revealed through analysis of the rescoring 
process is more challenging to address. This occurs when the scoring results reveal general 
inconsistencies between the scorers, with no pattern that can be attributed to one scorer or the 
other. This is relatively rare, but when it occurs it is generally the result of a problem with an item 
or an error in the scoring guides. One procedure for addressing this situation involves conducting 
a review of all inconsistently scored responses to determine if there is a systematic pattern and, if 
one is found, having those items rescored. Additionally, the scoring guides for such items can be 
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revised to clarify any issue identified as causing inconsistent scoring. When a specific problem 
cannot be determined, unique item parameters may be required for one or more countries to 
reflect this ambiguity in scoring.  
 
For PISA 2015, the Open-Ended Coding System (OECS) tool was used to support the scoring of 

open-ended computer-based items. Once scoring is complete for each item, data can be imported into the 
OECS to be integrated across scorers and the OECS will produce summary reports that countries use to 
examine scoring reliability.  

Consistent scoring within countries does not guarantee comparable scoring across countries. 
Therefore, in addition to examining the accuracy and reliability of scoring within countries, it is also 
important to check that scorers across countries are consistently applying the same criteria. This aspect is 
particularly important with the increased number of countries and languages participating in international 
surveys such as PISA. The approach used in PISA 2015, based on that used in the Adult Literacy and 
Lifeskills Survey (ALL) and PIAAC, involves the use of anchor responses. Anchor responses are a 
common set of items and associated responses prepared by test developers. For PISA 2015, anchor 
responses were provided for New Science items. Since it is the open-ended items that are the focus of this 
process, anchor responses for PISA are created using only those item types and it is these responses that 
are double scored. Because anchor responses are provided in English, scoring teams in each country are 
asked to designate two bilingual scorers responsible for the double-scoring process.  

As was the case in 2015, the scoring design will dictate when in the scoring process the anchor 
responses should be scored as well as which of the two scorers should be the first scorer and which should 
be the second. The OECS simplifies this process for countries by organising responses according to this 
scoring design. Scorers receive a PDF file for each item  

A part of the PISA 2015 CBA open-ended responses required human coding, a process that took 
place with the aid of the Open-Ended Coding System (OECS) – a computer tool that supported coders in 
coding the computer-captured responses according. During coding, the responses were organized and 
distributed to coders following a pre-determined coding design and the specific coding guides. Coding 
reliability of all computer based open-ended questions that required human coding was evaluated on a 
subset of responses. This tool reduced the coding administrator’s burden of managing coding activities 
and ensured that the coding design requirements were met. Coders received a PDF file that contained all 
the responses assigned to the coder, including anchor responses (in English), if appropriate, with one 
response per page. Each page displayed a part of the question, the individual responses, and the 
acceptable coding categories for each question. The coder clicked the circle next to the selected code, 
which was then saved within the file.  

 During coding activities, OECS generate three types of reliability reports: i) proportion agreement, 
ii) coding category distributions, and iii) deferred and missing responses. The “proportion agreement” 
report shows the average agreement per item across all coders as well as average agreement per coder. 
The “coding category distributions” report is used to compare coding distributions across coders for each 
item. That is, it compares tallies or counts of the response categories for each item across all coders and 
identifies whether the distribution of response categories given by any single coder differs from the 
average distribution across coders. The “deferred and uncoded responses” report provides counts of 
responses that have not been coded during the coding process, being flagged as either deferred or uncoded 
to be scored later.  
 The human coding was conducted in the time frame allocated, and rare technical problems were 
addressed immediately so that a complete set of human coded responses was available for the analyses 
described below. A report was provided separately to each country summarising the overall level of 
agreement reached for each scale.  Countries also are able to review level of agreement reached on each 
item. 
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Psychometric modeling 
The reanalysis of PISA data from prior cycles (2000-2012) aimed to stabilize the trend measure 

and to ensure its quality. With PISA 2015 introducing CBA as the main mode of assessment, the concern 
was that it might influence the item parameter estimates for the linking items. Moreover, some linking 
items might not work equally well for all of the populations assessed in PISA 2015. Utilizing linking 
items that do not work equally well across subgroups (i.e., are not measuring the same construct in all 
populations) reduces the comparability of the trend measure. These linking items needed to be identified 
and excluded from the Main Study item pool. However, given the new scaling approach for PISA 2015 
(the combined Rasch and 2PL model), it might still be possible to retain a larger share of these items. 

Results from prior analyses (PISA 2000-2012) were replicated and then reexamined using the 
combined Rasch and 2PL model. The reanalysis produced a common parameter for each of the previously 
used items that is contained in the databases from PISA 2000 to 2012 and that can be considered as a 
starting point of scaling the PISA 2015 data. This ensures a solid database of item characteristics on a 
common international scale based on the past frameworks of each domain.  

PISA has collected data in representative samples of 15-year old-students around the world every 
three years since 2000. In each of these five cycles (2000, 2003, 2006, 2009, 2012), both OECD- and 
partner- countries participated, resulting in almost 300 cohorts defined by assessment year and country. 
Many of the OECD countries as well as a substantial number of partner countries participated in each of 
the five PISA cycles so far. 

In an effort to utilize the complete evidence on item functioning and scale coverage of the task 
material used in PISA, we compiled a database that merged all five cycles and all countries. This yielded 
a file that contains roughly 2 million student records assigned to each of the cycles by country/jurisdiction 
combinations. We utilized state-of-the-art multiple group IRT (Bock & Zimowski, 1997, Yamamoto & 
Mazzeo, 1992, von Davier & Yamamoto, 2004; von Davier & von Davier, 2007, Mazzeo & von Davier, 
2008, 2013, Weeks, von Davier & Yamamoto, 2013) to specify a model that allows linking all items 
across all PISA cycles by country combinations. 
Following four distinct models were considered; Rasch/PCM, 2PL/GPCM, Rasch/PCM and 2PL/GPCM , 
RaschPCM and 2PL/GPCM with item by cohort interactions. 

Table 2 summarizes the improvement in item fit for the domains of mathematics, reading, and 
science. The table shows the results for the Rasch/PCM model, the 2PL/GPCM and the “hybrid” 
Rasch/2PL/GPCM model, with one set of item parameters for all countries, and a model that accounts for 
item-by-country (IBCI) interactions by releasing some country-specific parameters. These results are 
based on all cycles from 2000-2012 combined for the three main domains. In each domain, the IBCI 
model fits best (as characterized by the BIC), followed by the 2PL/GPCM, hybrid, and Rasch/PCM 
models. This can also be seen in the concomitant decrease in the number of items-by-country-by-cycle 
with RMSD values greater than 0.15. Approximately 3% of the items in math, 7% of the items in reading, 
and 6% of the items in science did not fit the Rasch model in one or more countries. On the other hand, 
around 1% of the items exhibit misfit in reading for the IBCI model and less than 0.1% of the items 
exhibit misfit in math and science under the IBCI model. For all subsequent analyses, the item parameter 
estimates from the IBCI model were used. 
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Table 2: Changes in Model Fit Summary 

 
 
 
IRT Scaling of FT data 

The new science items developed for 2015 are based on a revised science assessment framework. 
These new items exist in the CBA mode only because PISA 2015 represents a shift from a paper-based to 
a computer-based survey. The IRT scaling of the new science items was straightforward, but some 
changes to the scoring of two of the CPS units were necessary before the data could be used for IRT 
scaling. The CPS scale consists of seven units, which in turn comprise 165 items that can be used for the 
IRT scaling. The CPS units are based on simulated conversations with one or more computer-based 
agents that are designed to provide a virtual collaborative conversation. Test takers have to choose an 
optimal sentence from a multiple-choice list to go through the conversation with agents, or choose one or 
more actions programmed in the unit. It was found that data from two units had dependencies in the 
responses due to different paths that could be taken by students through the simulated chat. Therefore, the 
CPS chat items that showed this kind of dependency were combined into “composite items” by summing 
the responses for the different paths respondents could take. With this approach it was determined that 
each path-based response string could be scored to provide valid data and introduced into the IRT analysis. 
Table 3 gives an overview of the combination for composite items. The table shows how chat-based items 
in two CPS units (101 and 105) were combined into composite items in order to generate polytomous 
items for the purpose of reducing issues with local dependencies. Details about the items going into this 
rescoring can be found in the databases containing country-specific data as well as variable and value 
labels. 

Rasch/PCM 2PL/GPCM Hybrid IBCI
# of item-country-cycle deviations 549 397 415 4
Bayesian Information Criterion (BIC) 26400730 26118134 26175012 25946516
# of item-country-cycle deviations 1233 960 962 250
Bayesian Information Criterion (BIC) 30968125 30675531 30691983 30472304
# of item-country-cycle deviations 921 717 708 8
Bayesian Information Criterion (BIC) 29908518 29585732 29591677 29302806

Total item-country-cycle values: Math = 15,795, Reading = 18,603, Science = 16,223
Deviations defined as RMSE values > 0.15

Math

Reading

Science
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Table 3: Combination of CPS Items to Achieve Fair Scoring 
New Item ID for
Composite Items 

Combinations of CPS Items 

CC101201C CC101201+CC101202 
CC101203C CC101203+CC101204+CC101205 
CC101206C CC101206+CC101207 
CC101301C CC101301+CC101302+CC101303 
CC101304C CC101304+CC101305 
CC101307C CC101307+CC101308+CC101309A+CC101309B+ CC101310+CC101311+ 

CC101312A 
CC101312BC CC101312B+CC101313 
CC101317C CC101317+CC101318+CC101319 
CC105103C CC105103+CC105104 
CC105105C CC105105+CC105106+CC105107 
CC105201C CC105201+CC105202 
CC105208C CC105208+CC105209+CC105210 
CC105212C CC105212+CC105213 
CC105304C CC105304+CC105305 

 

Across the seven units and 165 chat/selection items, 10 had to be dropped during the analysis due 
either to no response variance or the presence of technical issues. Table 4 provides a list of these items. 

Table 4: CPS Items Excluded from the IRT Analyses based on Classical Item Analyses 

Domain Item Mode of 
Administration 

CPS (10 items) CC100403 CBA 
 CC102202 CBA 
 CC102208 CBA 
 CC102212 CBA 
 CC104303 CBA 
 CC105108 CBA 
 CC105303 CBA 
 CC105403 CBA 
 CC105405 CBA 
 CC106306 CBA 
 

The new science items were scaled together with the trend science items. In addition to 91 trend 
items, the science domain consists of 213 new items resulting in a total of 304 items. For science, five 
new items had to be excluded from the IRT analyses due to either a lack of response variance, or very low 
or even negative item total correlations. Table 5 gives an overview of these items. Most items showed no 
obvious defects, and the initial IRT scaling was conducted on 208 new science items. 
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Table 5: New Science Items Excluded from the IRT Analyses Based on Classical Item Analyses 

Domain Item Mode of 
Administration 

Science (5 items) CS644Q02S CBA 
 CS638Q03S CBA 
 CS656Q06S CBA 
 CS661Q07S CBA 
 CS650Q03S CBA 
 

For science, data from 53 countries were received in time to be included in the IRT analyses, and 
for CPS data from 42 countries were received. For the IRT analyses, the sample was divided by country 
and language, resulting in 70 country/language groups for science, and 55 country/language groups for 
CPS.  

While the item parameters of trend items were fixed to those obtained from the reanalyses of 
previous PISA cycles (historical data), the new science and CPS items had to be scaled based solely on 
the Field Trial data. For the CPS scale, both a multigroup Rasch model/PCM was estimated as well as a 
multigroup 2PL model/GPCM. For the new science items and CPS items a concurrent calibration was 
used to evaluate whether items are working equally across country/language groups or whether there are 
item-by-country/language interactions. Both model approaches were compared to each other. Item 
parameters for new science and CPS items that are provided for the countries and used to identify items 
for the Main Study are based on the 2PL model due to the improved model-data fit and because more 
information (with regard to slope parameters) about each single item is provided. These item parameters 
were also used for generating a standardized proxy (EAP) estimate standardized within countries that is 
available in the data delivery to countries). 

Table 6: Comparison of Rasch model/PCM and 2PL model/GPCM for new items 
Likelihood: A-penalty AIC B-penalty BIC 

CPS      
RM/PCM -985477.57 686 1971641.15 3877.09 1974832.24 
2PL/GPCM -971208.69 994 1943411.38 5617.83 1948035.21 
Science      
RM/PCM -2215483.30 1266 4432232.60 7406.46 4438373.06 
2PL/GPCM -2192778.99 1698 4387255.97 9933.78 4395491.75 
 

The item fit of the new science items and the CPS items was evaluated with regard to the 
concurrent calibration. Table 7 gives an overview of the percentage of RMSD and MD that was 
considered to be deviant using a rather strict criterion of RMSD > 0.20 and, MD > 0.20 and < 0.20. 

Table 7: RMSD and MD Deviations of Trend Items and New Items overall Countries/Languages 

 Science-new CPS 
 new items new items 
Percent of CBA CBA 
RMSD > 0.20 0.93% 0.94% 
MD > 0.20 and < 0.20 0.49% 0.51% 
 

Table 7 shows that item deviations for new science and CPS items are generally small. The 
deviation frequencies were not found to be substantially higher for any one particular country or language 
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group. The results illustrate that the items show a good fit when using the same item parameters across 
different countries and languages. Moreover, both scales show sufficient IRT-based (marginal) 
reliabilities (Sireci, Thissen, & Wainer, 1991; Wainer, Bradlow, & Wang, 2007) with 0.80 for science 
(based on trend and new items) and 0.88 for CPS.  
 

What we found from 2015 PISA FT and from 2012 PIAAC on CBA 

The Field Trial analyses are based on data from 53 countries received by 31 July 2014. Of these 
53 countries, 45 were considered computer-based assessment (CBA) countries, meaning that they 
implemented the survey using both paper and computer, while eight countries implemented the survey as 
a paper-based assessment (PBA). Altogether 120,303 cases including all multiple languages were 
included. 

Almost all countries met the sample size requirements for the major assessment language. More 
specifically, 50 out of 53 countries produced more than 95% of required sample sizes: 1,950 for CBA 
countries, 900 for PBA countries, and 1,750 for CBA without CPS countries.  

The CBA design specified that 1,950 students from multiple schools were randomly assigned to 
one of three groups according to prescribed probabilities: 1) 23% of the sampled students would be 
administered trend items through paper administration, referred to as Group 1-PBA Trend, 2) 35% would 
be administered trend items in computer administration, referred to as Group 2-CBA Trend, and 3) 42% 
would be administered new items through computer administration, referred to as Group 3-CBA and New 
Science/CPS. The successful implementation of the design above rested on strict random assignment of 
students to one of the three groups identified in Figure below. 

In order to examine the transition to computer delivery, a set of 18 paper-based forms covering 
the domains of reading, mathematics, and science were constructed for Group 1 PBA-Trend from items 
administered in the past PISA surveys. A set of tasks “identical” to those contained in the 18 paper-based 
forms were then adapted and authored for computer administration, yielding 18 equivalent computer-
based test forms. In addition, there were 12 computer-based test forms consisting of the new 2015 science 
tasks and 12 new test forms combining those 2015 science tasks with the new CPS tasks. The schematic 
for the CBA design is shown in Figure below. 

  

 
Information yield by the CBA platform 

Two key features of the computer delivery platform, not available in paper-based assessments, 
are the availability of detailed timing and process sequence information. Response times are recorded for 
each item in milliseconds; hence, they allow for precise, timing-related analyses. For instance, these data 
can be used to identify rapid responders (Wise & DeMars, 2005) and/or potential administration issues 
(e.g., groups of examinees who take substantively longer to complete the test than expected). Timing 
information can also be used to address issues of speededness and fatigue, between-country differences in 
allocated time, position effects, and interaction effects with variables such as examinee performance. 
Sequence information, on the other hand, can provide insights into how examinees progress through a set 
of items, including the number of times that an item is revisited, item sets that are skipped, and items that 
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are truly not reached. This information can be used in conjunction with the timing data to identify 
potentially problematic items, units, and/or clusters.  

The Field Trial data indicate that timing data as well as process data have been successfully 
recorded for all data collections in the CBA countries. The available timing data was instrumental in 
evaluating the level of engagement and effort students spent over the course of the four 30-minute clusters. 
Analyses were conducted and results of these indicate that the CBA assessment provides valid 
information that can be used to evaluate response processes within and across countries. 

Reduced position effects and improved omission rates in the CBA  

Item position effects are a common issue in large assessment programs because substantial 
position effects can increase measurement error and introduce bias. The PISA 2015 Field Trial design 
balanced cluster position in order to monitor its impact on various measures. We examined the cluster 
position effects in terms of: 1) proportions correct, 2) response time, and 3) interactions by domain as 
well as by country. 

In order to have a reference point to examine the magnitude of position effects, PISA 2009 data 
was examined in terms of proportions correct (P+) at the cluster level (PISA 2009 was the last time that 
science was the major domain). The values for PISA 2009 are shown in Table 8 below. In all content 
domains there is a decrease of 4 to 8 percentage points in the P+ values between positions 1 and 4. For the 
PISA 2015 Field Trial data (see Table 9), a smaller decrease of 1 to 3 percentage points in P+ values, 
compared to the 2009 values, is seen between positions 1 and 4.  

Table 8: PISA 2009 PBA Proportions Correct Across Clusters and Across Countries  

Position 1 Position 2 Position 3 Position 4 
Position 4-
Position 1 

Mathematics 0.411 0.401 0.384 0.371 -0.040 
Reading 0.581 0.557 0.532 0.499 -0.083 
Science 0.490 0.478 0.457 0.435 -0.055 

 
Table 9: PISA 2015 CBA/PBA Proportions Correct Across Clusters and Across Countries 

Position 1 Position 2 Position 3 Position 4 
Position 4-
Position 1 

Mathematics 0.439 0.454 0.432 0.427 -0.012 
Reading 0.575 0.580 0.566 0.544 -0.031 
Science 0.409 0.418 0.401 0.385 -0.024 

 
 
Table 10: PISA 2015 CBA Cluster Timing Averaged Across Countries (in Minutes) 

Position 1 Position 2 Position 3 Position 4 
Position 4-
Position 1* 

Mathematics 19.76 18.84 17.26 16.03 -3.72 
Reading 24.11 21.47 20.75 18.44 -5.67 
Science 22.32 20.61 19.21 17.11 -5.21 
CPS 22.67 21.26 20.96 18.79 -3.88 
FL 19.49 14.49 NA NA -5.00 
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Note: * For financial literacy, the difference is taken between positions 1 and 2 because these instruments 
only had two clusters. 

While the P+ values remain quite stable across positions for the 2015 Field Trial data, there is a 
notable decrease in the mean response times (around four to six minutes, i.e., nearly 20% reduction) for 
clusters administered in each of the four positions (see Table 10). These finding suggest that the decrease 
in response times over positions has little association with P+ values. 

To further address the relationship between response time and examinee performance, we 
considered mean times grouped using a preliminary ability estimate or what we are calling a proxy. This 
ability estimate was derived based on the IRT scaling by domain that was carried out to evaluate the fit of 
trend item parameters. The IRT scaling in the three domains of math, reading, and science was used to 
generate an expected a posteriori (EAP) score that was averaged across domains to provide this 
preliminary ability estimate. This preliminary estimate is referred to as the proxy score. This proxy score 
cannot be used for country comparisons since it is based on FT instrumentation which is preliminary, and 
sample sizes used in the FT do not allow sufficiently reliable estimates of country-level statistics. Table 
11 below reports mean response times at three proxy score levels (low, moderate and high ability) based 
on an equal split into three groups (33.3% each). It is evident that low-ability students take several 
minutes less on average to complete a cluster. In some cases, the average differences between the low- 
and high-ability groups exceed five minutes. 
 

Table 11: PISA 2015 Cluster Level Response Time by Proxy Level (in Minutes) 

  Low Ability 
Moderate 

Ability High Ability 
Mathematics 15.17 18.97 20.92 
Reading 18.97 22.60 23.64 
Science 17.45 21.31 22.86 
CPS 19.69 22.23 22.77 
Financial Literacy 15.76 19.97 22.11 
 

The analysis of missing responses looks at the Field Trial data comparing the omission (student 
nonresponse) rate differences between CBA and PBA with the purpose to further examine the quality of 
data in the two modes. Items that were presented only in PBA or only in CBA mode as well as a very 
small number of items that exhibited technical issues were not included in this analysis. In total, 318 
items were compared in terms of omission rates across CBA and PBA modes. 

We defined the omission rate as the number of omitted responses divided by the total number of 
test takers who received the item in each country. A high omission rate is defined by omission rates larger 
than 10%. The effect of omissions was investigated by checking the differences between two approaches 
of calculating percent correct (P+) item score. These two approaches are referred to as the W rule 
(omitted responses treated as “wrong”) and X rule (omitted responses excluded), which in effect differed 
by the inclusion or exclusion of omissions into the sample size incorporated in the calculation of P+ 
values. An omission effect is present when the P+ calculated under the W rule and the X rule, 
respectively, differs by more than 5%. 

The correlation of omission rate and omission effect between CBA and PBA was 0.88 and 0.80, 
respectively. It was found that 13 countries had high omission effects in PBA, while only three countries 
were detected to have a high omission effect in CBA. Further, 23 countries were found to have more than 
50 items that were labeled as high-omission-effect items in PBA, that is, the difference between W rule 
and X rule was over 5% and across at least 20 countries, while only nine countries were found under the 
same conditions in CBA. On average across countries, high omission effect for the CBA mode was 32.5 
items, which is lower than the 44.4 items with high omission effect in the PBA mode.  
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Open response items accounted for the largest proportion of items with a high omission rate and 
impacted the P+ value calculation the most. When counting the number of items that have omission rates 
higher than 10% across at least 20 countries, there were 47 CBA items, among which 98% were open-
response items. In comparison, 54 items were labeled as having a high omission rate in PBA, all of which 
were open-ended items. The omission rate in all content domains was higher for PBA than CBA, except 
financial literacy, which had a 1.1% higher omission rate in CBA than PBA. Mathematics items took the 
highest proportion (approximate 35%) in both of the modes and were almost the same in CBA and PBA. 
Reading items were slightly higher in omission, by 2%, for PBA. Bigger differences were found for items 
in the domains of science (5% increase) and financial literacy (6% decrease) in PBA. 

In conclusion, reductions in omission rate and omission effect were observed in CBA over PBA. 
In addition, the findings of higher omission rate and omission effect in PBA items compared to CBA, 
especially in open-response items, provides motivation to study the processing behavior of the students 
when transitioning to CBA. Process data may provide new insights into test-taker behavior during the test. 
It would be helpful to analyze process data stored in log files to further understand which student 
behaviors are related to correct, incorrect, and omitted responses and explore the patterns between 
omissions and item types as well.   

 
Future directions of PISA 
 The future design and functionality of PISA is solely in the hands of OECD and PISA Governing 
Board and proposals consortium have made, so it is not certain about specific features or their timeline.  
However, as a contractor for both 2015 and 2018 contractors, I have a vantage point of view.  It is clear 
that CBA is here to stay and measurement constructs in any domain will expand beyond PBA constructs.  
The future constructs may incorporate how students use skills to learn deeper and further in the domain.  
Such activities will include measuring what they have learned already as well as how they might be able 
to use in more realistic settings.  Although, depth of knowledge being measured and realism of questions 
would introduce contextual factors that may interfere generalizability of measured skills.  PISA items 
tend not to require special factual knowledge but higher organizational knowledge to utilize necessary and 
extra information to solve problems.  CBA may require awareness of what he/she knows and does not 
know in order to pursue which direction to solve problems as information explorations take place. 
 Historical item construction criteria of strict adherence to over one third to be hand scored is 
somewhat arbitrary and ignores the advanced capability of computer scoring.  It is expected that 
proportion of computer based scoring would increase as more computer based scoring algorithm mature.  
It has been believed among those who have been involved in the large scale assessment with emphasis on 
trend assessment that “to measure trend don’t change the measure”, meaning keep the intact clusters as 
large as possible across cycles.  However, since 1990 we have been seeing the data in adult literacy 
surveys, cluster size can be fairly small to maintain consistent item parameters across cycles, certainly not 
as large as 30 minutes worth of sequence of items.  If intact clusters can be as small as a set of items 
based on a single stem, more flexible item combinations can be possible and open a door to many 
different kind of adaptive testing. 
 Regularity of response time, number of actions and sequence of actions among students, language 
and countries are remarkable.  Future analysis model would include additional information unique to  
CBA for estimating skill distribution of students population. 
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