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ABSTRACT

The predictive power of the PISA test items foufetstudent success is examined based on data from
the Longitudinal Surveys of Australian Youth (LSAYQr the PISA 2003 cohort. This working paper
analyses how students’ responses to mathematicprabtem-solving items in PISA 2003 are related to
the students’ qualifications in education in 20@id 2010. The results show that items do differhigirt
predictive power, depending on some of their dagglities. PISA mathematics and problem-solving gem
are grouped into various classifications accordingtheir qualities. This paper proposes 16 new
classifications of items. Among mathematics-speciém classifications, two are found to be sigraifitly
related to future student success: those thatagsesvledge, understanding, and application ofssitzd;
and those related to rates, ratios, proportiond/aarpercent. These items frequently require stisdem
apply common mathematical concepts to solve mtéfisnon-routine problems, think flexibly, and
understand and interpret information presentedimir@amiliar format or context. Among classificat$o
that are not specific to mathematics, items thatewassified as using reverse or flexible thinkarg
found to be related to student qualifications ithomathematics and problem solving. These itemsireq
students to be able to think through a solutiomaaitous points during the problem-solving proces,
just at the start.

RESUME

L’efficacité prédictive des items de I'enquéte PISdur la réussite future des éléves est examinée a
partir de données collectées par I'enquéte longitle australienne LSAY (Longitudinal Surveys of
Australian Youth) sur I'échantillon d’éléves évaduldrs du cycle PISA 2003. Le présent document de
travail analyse dans quelle mesure les réponseélélass aux items de mathématiques et de résoldéon
problemes de I'enquéte PISA 2003 sont liées amiwgau de formation en 2007 et 2010. Les résultats
montrent que I'efficacité prédictive des items eaeh fonction de certaines de leurs qualités pdeen
Les items PISA de mathématiques et de résolutioprdelémes sont classés dans différentes catégories
selon leurs qualités. Le présent document prop6seolivelles catégories d’items. Parmi les catégorie
d’items spécifiques a I'évaluation des compétermmeanathématiques, deux ont été identifiées comme
étant liées de facon significative a la réussitkirki des éléves : les types d’items qui évaluest le
connaissances, la compréhension et I'applicaticn ddatistiques, et ceux qui ont trait aux tauxiosat
proportions et/ou pourcentages. Ces items requigg@méralement des éléves I'application de concepts
mathématiques de base pour résoudre des problepmesoutiniers et comportant plusieurs étapes, un
raisonnement flexible, ainsi que la compréhensiphiirgerprétation d’'informations présentées sous u
format ou dans un contexte non familiers. Parmi daségories qui ne sont pas spécifiques aux
mathématiques, il apparait que les items définmange faisant appel a un raisonnement rétrospectif ou
flexible présentent une corrélation avec les qualifons des éleves a la fois en mathématiques et e
résolution de problémes. Ces items supposent plartades éléves une capacité a réfléchir a unécola
différentes étapes du processus de résolutionahlgme, et pas uniguement au début de ce processus.
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ANALYSIS OF THE PREDICTIVE POWER OF PISA TEST ITEMS

|. Introduction

1. Several countries and economies that have atezl in PISA have also established
longitudinal studies based on sampled cohorts eyeHs-olds tested in PISA. Longitudinal follow-up
studies of students who participated in PISA offfier possibility of exploring how competencies at 4§
are related to educational careers and labour-markieomes. The richest longitudinal data available
come from the PISA 2000 participating cohorts im&ia (YITS) and Switzerland (TREE) and from two
Australian studies (LSAY) that are based on theAP2803 and 2006 cohorts. All these surveys collect
information on students’ educational careers dfterage of 15, which is highly associated with fetu
labour-market outcomes. The YITS and TREE studlss eollect information on early labour-market
outcomes, but preliminary analysis shows that beeadithe young age of the individuals samplethése
longitudinal studies, most of the highly skilledigipants are still in education.

2. This report summarises the project that aimedassify PISA test items into different groups
according to what they can predict about futurecomes, based on the LSAY data for the PISA 2003
cohort. Analysis shows that items do differ in thaeiedictive power and these differences are ndt on
related to cognitive test characteristics of thiésas (.e. difficulty or discriminatory power), but also to
some deeper qualities. The report proposes seuksdifications of PISA mathematics and problem-
solving items that were hypothesised to be reltdefdture outcomes. Statistical analysis presemdte
report shows which classifications characterismstéhat in fact have higher predictive power.

3. Several classifications proposed can be gesethlio other domains, not only mathematics or
problem solving. These classifications define deépman qualities that can be common across school
subjects. Among these, items that were classifiethaseusing reverse or flexible thinking were found to

be related to future student outcomes. These itemusire students to be able to think through atswiu
from points in the solution process other thanstiaet.

4, Among mathematics-specific item classificatidng) were determined to be significantly related
to future student success. Items that assess kdgg/leinderstanding, and applicationstdtistics and
items that assess knowledge, understanding, arltapm of rates, ratios, proportions, and/or percent
appear to demonstrate predictive power. Close exation of the items coded to these two classificeti
reveals that they frequently call for students ppla common mathematical concepts to the solutibn o
multi-step, non-routine problems, to think flexibgnd to understand and interpret information presk

in an unfamiliar format or context.

5. The report is structured as follows. The nextisa describes the data and methods used in this
study. The third section briefly discusses newlgpmsed and original classifications of PISA iteifise
fourth section presents the results of the stedistinalysis relating items classifications to legtident
outcomes. This section also discusses resultgrfglesitems in mathematics and problem solvinget b
PISA 2003 and how well items of different formateasure the skills related to later student outcomes
The final section summarises the findings.
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Il. Data and methods
PI SA cognitive data

6. The main results of PISA are presented on scai@snarising students’ achievement in different
assessment areas. Each PISA cycle devotes morgytésie to one assessment area. PISA also reports
results on subscales that measure achievementbidosiains. In PISA 2003 the main domain was
mathematics. PISA reports not only achievementemtain scale but also on four mathematics sulscale

7. Besides the scaled achievement data, PISA ieislistudent responses to individual test items.
These data are freely available and can be usedriprtype of re-analysis of performance on PISA.
Although the item-level data are reliable and adhgfcoded, because the booklets are rotated, ot a
students answer the same single items, and sanzele are much smaller. Also, items are differently
positioned in test booklets; that might affect statdperformance on a particular item, especialgnifitem

is at the end of the bookleThese features of the assessment design needtaidreinto account when
interpreting results based on single PISA items.

Longitudinal Surveys of Australian Youth (LSAY)

8. The Longitudinal Surveys of Australian Youth & track young people as they move from
school into further study, work and other destimadi It uses large, nationally representative sasnpf
young people to collect information about educat@om training, work and social development. Basic
information about the programme, and basic resofisyo-data and reports, are all available on the
programme’s website: http://www.Isay.edu.au/. Tratadets and their descriptions are based on the
information provided there.

9. Since 2003, the survey has been integratedthatiPISA study. After the PISA 2003 survey was
conducted, 15-year-old students who were sampleslusiralia were contacted again to establish a firs
wave of the LSAY/PISA 2003 study. Out of 12 551dstats in the original Australian PISA sample, 10
370 students were contacted and found eligibleHerLSAY study. Table 1 shows the response rates fo
all waves of the 2003 study. The results preseimddis paper are mostly based on the 2007 and 2010
waves of the LSAY/PISA 2003 study.

Table 1. Response rates for the LSAY/PISA 2003 study fr om 2003 to 2010

Year 2003 2004 2005 2006 2007 2008 2009 2010
Wave 1 2 3 4 5 6 7 8

Average age 15.7 16.7 17.7 18.7 19.7 20.7 21.7 22.7
No. of respondents 10 370 9378 8 691 7721 6 658 6 074 5475 4903
% of Wave 1 100 90.4 83.8 74.5 64.2 58.6 52.8 47.3

Source: http://www.Isay.edu.au/cohort/2003/104.html

1. In PISA 2003, the 167 main study items werecalted to 13 item clusters (seven mathematicserkisind
two clusters in each of the other domains), witbheeluster representing 30 minutes of test timehkat
13 test booklets contains four clusters. Each etusppears in each of the four possible positioitisinva
booklet exactly once. When estimating the item petars, booklet effects were included in the
measurement model to prevent confounding itemadiffy and booklet effects.
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10. LSAY datasets provide all data available inititernational PISA datasets. In addition, students
are contacted every year to collect information smhool and post-school activities, including work
experience and what students do when they leav@kchhis includes vocational and higher education,
employment, job-seeking activities, and satisfarctiith various aspects of their lives.

11. In this study, several indicators of post-sd¢hehadent outcomes are examined. As students in the
LSAY/PISA 2003 study are younger than the age athvhall of them should have gained labour-market
experience, only outcomes describing post-secorstdrgol achievement provide comparable information
on student success. From those, this report méoclyses on the derived indicator of obtained oremir
gualification level. The indicator of qualificatidevel was derived from two indicators) the current
qualification level reported at the time of theeitiew and if) the highest qualification completed at the
time of the interview. Both indicators have 10 idist values, which are presented in Table 2. Aswshio

the table, these values were re-coded into fivegrates, giving a reasonable number of observaiions
each category and providing the strongest lindatioaship with PISA performance in mathematicse Th
indicator was computed by taking the highest gigalifon level completed at the time of the intewiand
replacing missing values on this indicator withuea of the current qualification level to incredle
number of non-missing observations. For the highjastification level completed, the last categobyd'

not complete a qualification” was replaced with @3img value unless there was no missing informatio
on the current qualification level reported, in efhcase the current level was used.

Table 2. Re-coding of obtained or current qualifica  tion level for the LSAY/PISA 2003 study

New Highest qualification level completed (XHEL) Current qualification level (XCEL)
outcome % of those with some % of those with some
variable after % in population qualifications % in population qualifications

qualification level recoding 2007 2010 2007 2010 2007 2010 2007 2010
1 Certificate | 1 1.4 3.4 6.5 5.7 2.8 0.8 5 2.4
2 Certificate Il 2 3.3 4.7 16 7.9 1.7 0.6 2.9 1.9
3 Certificate Il 2 6.5 11.6 31.3 19.6 6.5 3.4 11.6 10.3
4 Certificate IV 3 2.8 5.6 13.6 9.3 2.1 2.2 3.8 6.6
5 Certificate - level unknown 3 1 2.2 4.5 3.7 2.9 1.3 5.1 3.8
6 Advanced diploma/diploma (incl.
associate degree) 3 4.8 8.2 23 13.8 4.7 3.2 8.3 9.7
7 Bachelor degree 4 0.9 22.4 4.5 37.8 35.3 18.6 62.8 56.1
8 Graduate diploma/graduate
certificate 4 0.1 0.5 0.5 0.8 0.2 0.4 0.3 1.3
9 Postgraduate degree (PhD/Masters) 5 0 0.9 0 1.4 0.1 2.7 0.2 8
XHEL: 10 Did not complete a
qualification
XCEL: 10 Not studying for a
qualification Missing 79.2 40.6 - - 43.8 66.8
Methods
12. The predictive power of PISA items is assesseexplaining differences in student qualification

levels in 2007 and 2010 using students’ resporssésms in 2003. The relationship is examined fothb
single items and scales based on sets of itemsmaheresults for mathematics and problem-solvieams
presented in the paper were obtained using a linegnession model, which is applied to individual
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student-level data from the LSAY/PISA 2003 studiirde sets of regressions are estimated. The étst s
relates later student outcomes to item-based irgtiom only. In the second set, the relationshigs/éen
students’ responses to items and later studenbmats are examined after accounting for the overall
performance level of a student (using the firsuplale value in mathematics or problem solving)the
third set, which is presented in Annex 1, in additito performance level, the following student
characteristics are accounted for: gender, so@oanic background (the ESCS index) and immigrant
background (two dummy variables for first- and setgeneration students and a dummy denoting
students speaking a different language at homettigalanguage of the test).

13. Data were weighted using weights provided ly ESAY research team. These give results
representative of the population of students testdelSA 2003, adjusted for missing responses oe¢h
who dropped from the study in the intervening ye&tandard errors were calculated using Taylor
linearised variance estimation accounting for @tsg of students at the school level.

14, Item psychometric characteristics, like itenfficliity or item discriminatory power, can be
correlated with the predictive power of PISA iter@h average, the more difficult an item is, thersger
should be the correlation between the correct respeo this item and positive later outcomes. Tman
results are also presented before and after adogufatr item difficulty and item discriminatory pa.
Item difficulty was measured using the IRT modell @ata are available in PISA Technical Reportsnite
discriminatory power was estimated using the twapeter IRT model (2PL) for the purpose of this
study.

15. Original PISA classifications of items as wadl new classifications were used to produce scales
based on responses to a class of test items. Aththe IRT modelling is a proper technique useBIBA

to scale the cognitive data, for the purpose of study the principal component analysis based on
polychoric and polyserial correlations was emploi@derive item-based scales. The results obtaiitd

the IRT model would be very similar. The estimasedles were standardised as z-scores with weighted
mean 0 and standard deviation 1 in the originaAP1803 samplé.

I1l. Classifications of PISA items

16. For the purpose of this study, the OECD, iroperation with Achieve (http://www.achieve.org/),
launched a study to propose new classification®I&A items. The aim of this study was to classify
mathematics items from PISA 2000 and PISA 2003@mnbdlem-solving items from PISA 2003 according
to attributes that Achieve’s mathematics experfsoliyesised might help define and describe diffexeme
predictive power as it relates to post-secondacgesss. A team of three experts in mathematicsoand/
mathematics education reviewed all of the mathematems from PISA 2000 and PISA 2003 and the
problem-solving items from PISA 2003. They origipadroposed a set of more than 20 classificatibas t
they hypothesised might relate to the degree digtige power of an item and coded each item fer th
presence or absence of these attributes. Howewere of the attributes were represented in onlyva fe
items and they were not considered for furthersdteal analysis.

17. The list below provides names of newly devetbpassifications that are considered in this
study.
2. Caution is advised in drawing inferences basethese indices. Further analysis is requirechbetstand

the influence of measurement error (i.e. reliapihit scales) on the parameters estimated.
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1. Thinking across multiple representations— Items that require students to demonstrate the
ability to use, apply, or translate between mudtiptpresentations were coded as having this
attribute present. Items might call on studentsraoslate between such varying mathematical
representations as tables, graphs, narrative géesas, and/or pictorial representations. They
might also require students to use information fronultiple representations to solve
contextualised problems.

2. Probabilistic reasoning— Items that require probabilistic reasoning assliuch challenging
and often misunderstood concepts as likelihood pretliction. While an item may not
necessarily explicitly refer to probability, thetiom may nonetheless be present in an item; if this
was the case, an item was coded as having thisuagtr

3. Statistics— Items that assess one or more statistical can@eyt procedures were coded as
having this attribute present. Such concepts imdudverages and other measures of centre,
measures of spread, statistical outliers, and negia

4. Rates, ratios, proportions, and percentages Rates, ratios, proportions, and percentages
tend to be challenging but important concepts fbry@ar-old students and also important
concepts for solving real-life problems. Items wemeded as having this attribute if they
explicitly require the use of one or more of thesacepts OR if one of these concepts is the
basis of the task, even if it is not explicitly veed for solving the problem.

5. Measurement— ltems the expert reviewers found were relatedneasurement skills or
concepts addressed a range of topics, includingiskeof a formula to calculate such constructs
as area, perimeter, volume, circumference, or tifffee preponderance of items coded as
possessing this attribute involved geometric meamant. The notion of measurement units was
not an issue since solution options either providieits as part of the list of possible answers or
the coding guides made clear that whether studmatgded correct units was not a factor in
awarding students full credit.

6. Using graphs, charts, tables, pictures, and diagms — A large number of PISA items
require students to read or interpret some sographic organiser or display. Such depictions
include graphs, charts, tables, pictures, and dragr While the notions of both reading and
interpreting are captured by this attribute, sejpacdes are assigned for “no display” (=0),
“reading a display” (=1) and “interpreting a disgl¢=2).

7. Multiple graphs, charts, tables, pictures, andfo diagrams — A number of PISA items
require students to use information provided inartban one graphic displaiye graphs, charts,
tables, pictures, and diagrams). Iltems were coddddicate whether they include no graphic
organisers (=0), one graphic organiser (=1), ortiplal graphic organisers (=2). The expert
reviewers hypothesised that this might be an ingmdrfactor connected with items’ predictive
power, so they chose to track this attribute sephra

8. Spatial reasoning— The expert reviewers posited that students’ esgevith items requiring
spatial visualisation and reasoning might be cotateavith their predictive power. ltems
identified as possessing this attribute might rexjatudents to visualise the rotation of an object
or how it might look from different perspectives.

9. Conceptual understanding vs. procedural knowledg— The National Research Council's
Adding It Up: Helping Children Learn Mathematic®(2) defines conceptual understanding and
procedural fluency as two of the five componentsnathematical proficiency. In this seminal
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publication, conceptual understanding is defined tlas “comprehension of mathematical
concepts, operations, and relations.” Test itenad #ssess conceptual understanding require
students to exhibit “an integrated and functionedsgp of mathematical ideas.” Procedural
knowledge is a component of procedural fluencydefined in Adding It Up. Achieve’s expert
reviewers purposefully identified procedural knosde, rather than procedural fluency as the
attribute appropriate for this study since the atof fluency (flexible, accurate, and efficient
application of mathematical procedures) is not rtyeassessed through PISA. Procedural
knowledge is, however, assessed in PISA. For tmposes of this study, it is defined as the
knowledge of procedureg.§. algorithms, rules, plans) and the knowledge of waed how to
use these procedures appropriately — both of whigh components of the definition for
procedural fluency provided in Adding It Up.

10. Constructing or presenting an argument or explaation — Items deemed to have this
attribute go beyond requiring students to show tiverk. Rather, items possessing this attribute
require students to construct or present an argyraeplanation, or justification.

11. Systematic, sequential, or strategic reasoning A substantial humber of PISA items
require students to display complex thinking prgessthat can best be defined as systematic,
sequential, and/or strategic. By using the termsteyatic” thinking, the expert reviewers
identified those items that require students tdyseaor create complex plans or diagrams that
function as a whole. “Sequential reasoning” is imed in items that require students not simply
to follow directions, but to create a sequence tiedds to be followed in a particular order.
“Strategic reasoning” describes those items ththtf@mastudents to use such strategies as guess
and check, drawing a diagram, looking for a patteraking a list, or solving a simpler, related
problem. Items that involve scheduling or thatuies|students to use counting techniques, such
as combinatorics or tree diagrams, were coded\asdthis attribute present.

12. Applying information/learning through studying examples— While a limited number of
PISA items require students to learn through thedysbf examples and then apply that learning
to answer questions, the expert reviewers surmibat this is a skill that is important for
independent learners — hence for success in postdary endeavours.

13. Thinking through a multi-step solution process- These items involve several steps, and
although they are well-defined, they are not pcadtior rote. Iltems might include irrelevant data.

Although complex multiple-choice items may requseveral one-step processes, they are not
necessarily coded as multi-step.

14. Employing conceptual understanding/reasoning These items require students to do one
or more of the following:

Show understanding of commonly held misconceptajregsconcept;
— Reflect on whether the results make sense;

— Create or choose an explanation;

— Attend to the meaning of results, not just howttaia them;

— Analyse relationships to draw conclusions;

— Draw conclusions from observations, citing evidence

10
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— Develop a logical argument that supports a congeposition;
— Use information or concepts to solve problems spoed to questions;

— Reason, plan, and use evidence that requires arligvel of thinking (sometimes abstract);
and/or

— Make conjectures.

15. Using reverse thinking/flexible thinking— These items require that students be able né thi
through a solution from points in the solution @eg other than the start:

— Given the result, determine how that result mayeHasen derived.

— Determine how a change in input affects eitheriiput or solution path.
— Interpret results in the context of the situation.

— Know and flexibly use properties or representations

— Analyse solution choices and relate them backecstimulus/prompt.

16. Making sense of non-routine situationshat could require a strategic solution path —€hes
items tend to encourage logical thinking, and alfowa transfer of domain-specific strategies to
resolve unfamiliar situations. An item might:

— Require students to use a strategic solution pspcather than a practiced or rote process;

— Require students to make sense of the data andftmenation provided in order to design a
solution strategy;

- Require sense-making;
— Focus on a higher level of interpretation and oiggtion; and/or
— Involve an unfamiliar context.

18. The above classifications of 1 to 5, 8, anddl@2 were coded for all items as 0 or 1, denoting
items that belong to each attribute. The clasdioa of 6 listed aboveuging graphs, charts, tables,
pictures, and diagrams) was coded as on a three-step scale (2 = intergret display; 1 = reading a
display; and 0 = no display). The classificatioris/o{multiple graphs, charts, tables, pictures, and/or
diagrams) were coded as on a three-step scale (2 = muliilghic organisers; 1 = one graphic organiser;
0 = no graphic organisers). The classification qt@ceptual understanding vs. procedural knowledge)
was coded as -1/1 where -1 was for procedural amdslfor conceptual. The last four classificatiohd3

to 16 thinking through a multi-step solution process; employing conceptual understanding/reasoning;
using reverse thinking/flexible thinking; making sense of non-routine situations) were coded as on a three-
step scale (2 = contributes to the cognitive loaahand for an item; 1 = present in an item, but duss
determine its cognitive load/demand; 0 = does woitribute to the cognitive load/demand of an item).
The first eight classifications of 1 to 8 are sfiedio mathematics, the last eight classificatiof® to 16
can be generalised to other assessment areagsueading or science.

11
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Original PISA classifications

19. The PISA assessment framework also proposextadedifferent classifications of PISA items.
Those are analysed in the report and are relatedure student outcomes. The classifications prieskin
Table Al are described in details in the PISA 2868essment framework (OECD, 2003). Below is a list
of classifications used in this study:

* Overarching idea. Each item is classified as representing one ogkirag idea in mathematics.
The PISA 2003 Mathematics Framework defines fowhsoverarching ideas for mathematical
content: quantity, space and shape, change artbnslaips, and uncertainty (see OECD, 2003,
pp.34-37). It is interesting to note that the PIZ#00 mathematics items examined are assigned
to only two overarching ideas: space and shagkgeowth and change.

«  Competency clusters.’ PISA chose to describe the cognitive activitiest tthese competencies
encompass according to threempetency clusters: the reproduction cluster, theconnections
cluster, and theeflection cluster (for details see OECD, 2003, pp.41-48)n@etencies in the
“reproduction” cluster involve reproducing practis&knowledge. Theconnections cluster
competencies build on theproduction cluster skills in taking problem solving to sitioais that
are not routine, but still involve familiar, or cgidamiliar, settings. Competencies in the
“reflection” cluster include an element of studesftection about the processes needed or used to
solve a problem. They relate to students’ abilit@plan solution strategies and implement them
in settings that contain more elements and may txe rforiginal” (or unfamiliar) than those in
the connections cluster.

» Content area. PISA also classifies items according to their reathtical content or curriculum
strands: algebra, discrete mathematics, functigesmetry, number, probabilistic reasoning and
statistics.

20. The PISA 2003 Problem Solving Framework defittege problem typesdecision making,
system analysis and design, and trouble shootihgsé three problem types cover most of the problem-
solving processes generally identified within thelgpem-solving domain (see for details OECD, 2043,
160-170). The analysis of problem types has tarbged due to a small number of problem-solvingnise
available for classifications.

Item format

21. The PISA assessment uses items of differemtéts:. This report analyses how skills measured
by items of different formats are related to futgtadent outcomes. Five formats were analysed: shor
response, open-constructed response, closed-cotestrresponse, multiple choice and complex multiple
choice.

22. Table 3 presents the list of new mathematiessdications as well as the original PISA
classifications and item formats, as well as thenler of mathematics items that belong to each
classification. Classifications for individual mathatics items are presented in Table Al and preblem
solving items in Table A2 in Annex A.

3. In PISA 2012, the seven fundamental mathemataggabilities are identified and these are usstead of
“competency clusters”. The seven fundamental mathieai capabilities used in the PISA 2012
mathematics framework are as follows: communicatiomthematising; representation; reasoning and
argument; devising strategies for solving problemsing symbolic, formal and technical language and
operations; using mathematical tools (OECD, 2013).
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tics items.

The number of

T)_/pes_of Items classification (scale) mathematics
classifications )
items
Thinking across multiple representations 3
Probabilistic reasoning 5
Statistics 10
Rates, ratios, proportions, and percentages 10
Measurement 10
. . . Reading a display 14
Using graphs, charts, tables, pictures, and diagrams
Interpreting a display 16
i . . One graphic organiser 20
Multiple graphs, charts, tables, pictures, and/or diagrams
Multiple graphic organisers 10
Spatial reasoning 12
. Procedural know ledge 65
Newly developed [Conceptual understanding vs. procedural knowledge
X N Conceptual understanding 19
classifications - - -
Constructing or presenting an argument or explanation
Systematic, sequential, or strategic reasoning
Applying information/learning through studying examples
o . . Present in an item but does not determine its cognitive load/demand
Thinking through a multi-step solution process 9
Contributes to the cognitive load/demand for an item 23
i . . Present in an item but does not determine its cognitive load/demand 4
Employing conceptual understanding/reasoning
Contributes to the cognitive load/demand for an item 19
. o X L Present in an item but does not determine its cognitive load/demand 8
Using reverse thinking/flexible thinking
Contributes to the cognitive load/demand for an item 15
Making Sense of Non-Routine Situations Present in an item but does not determine its cognitive load/demand 8
Contributes to the cognitive load/demand for an item 17
Space and shape 20
o Change and relationship 21
Owerarching idea -
Uncertainty 21
Quantity 22
Algebra
Discrete mathematics
Functions
Content area Geometry 18
Number 26
Probabilistic reasoning 5
Statistics 18
Connections 39
Competencies Reflection 19
Reproduction 26
Closed Constructed Response 13
Open Constructed Response 21
Item format Multiple Choice 16
Complex Multiple Choice 12
Short Response 22

13
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IV. Results for mathematics and problem solving
Classifications of items

23. Table 4 shows the results of regression arsaly@ing the Australian longitudinal data based on
PISA 2003 (LSAY/PISA 2003). Two sets of results presented, separately for data collected in 2007,
when students were 19 to 20 years old, and thstlatailable data from 2010, covering students &fed

to 23* The first set of results show regression coeffiidrom a model where every scale based on a class
of test items was used to explain variation in studjualifications. Clearly, all scales (or classifions) of
mathematics achievement are positively relatedighen student qualifications. Coefficients show the
effect of a one standard deviation change in théeddtem responses on the qualification level.

24. The second set of results shows similar caeffts, but from regression that, in addition to the
scaled response to items classified according toataimbute, includes the overall performance in
mathematics.These coefficients show how better performance garticular classification of test items
affects student qualifications, in addition to simgvstudent’s overall performance. In other worttese
are the effects of classifications of items, nstwent’s overall ability. As students who achietégher
scores in mathematics were more likely to answdividual items correctly in PISA 2003, and these
students also tended to attain higher qualificaliémels in 2007 and 2010, a student’s overall gerémce
needs to be accounted for.

25. Among newly developed classifications, itenpoeses classified asatistics are shown to be
related to student qualifications in 2007 and id@QCollectively,statistics items all require students to
make sense of the information they are given amdyapeir knowledge and skills in a way that extend
beyond the routine application of a well-definedoaithm. Eight of the ten items involve the concept
average or mean but extend beyond the straightafchapplication of the algorithm by eliciting more
complex reasoning and thinking. For example, t@mi require students to reason about the effegh of
outlier on the mean, and three items require stsdendetermine the mean after a data point has bee
added or changed. The predictiveness of this setras appears to lie in the ability of preparadisnts to

be flexible in their thinking and to apply commoiatimematical concepts to the solution of multi-stegn-
routine problems.

26. Item responses classifiedrates, ratios, proportions, and percentages are shown to be related to
student qualifications in 2007 and to a lesser elegn 2010. Ten of the PISA 2003 mathematics items
were coded as assessirages, ratios, proportions, and percentages. As with thestatistics items, all of
these items require students to make sense onftnenation they are given, rather than simply apga
well-defined algorithm to a routine problem. Sewdrihe items are complex and require multiple steps
arrive at a solution. For example, one open-respdam requires students not only to substituteranfila

to derive a solution, but to then go through midtipnit conversions before arriving at a corredtitson
expressed in the appropriate unit. A number asehiiems also involve contexts that may not beonmly

4, These dependent variables were not included iedhditioning model for drawing plausible values.

5. These are preliminary analyses using the flesigible value as a proxy for overall student gbivhen no
independent measures of ability are available. ddlde Rasch model, the predictive power of stiglent
responses to items after the overall ability léwed been accounted for is an indication of Difféeditem
Functioning (DIF). Caution is advised in drawindeirences based on these results. These analyddxewil
revisited and improved in the future.

6. In Tables A3 and A4 in Annex A, the third sdtresults is also presented. These are the regressi
coefficients when the student’s gender, socio-esoadoackground and immigrant status were taken into
account in addition to overall student performance.

14
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familiar to 15-year-old students across a rangeoahtries. Such contexts include the notion of gato,
currency exchange rates, population pyramids, amdeptage capacity. The predictiveness of thioket
items appears to lie in the ability of preparealistis to persist through the multiple steps requioesolve
non-routine problems, and understand and intenpfermation presented in an unfamiliar format or
context.

27. Using reverse thinking/flexible thinking is significantly related to student qualificaticins2007.
Similarly, positive responses to items belongingatalassification calledonstructing or presenting an
argument or explanation is related to student qualifications in 2007, alijo these relationships are
significant only at 10% level, after accounting émerall performance.

28. From the four original PISA performance subsgalepresenting overarching ideas, only the
space and shape subscale is not related to student qualification®010, after accounting for overall
performance. In general, however, all four subscate positively related to higher student quadtfins.

In this case, the subscales available in the Pigfinal dataset were used.

29. From the scales based on content of mathenit#ros, only content areamber is significantly
related to student qualifications in 2007, aftezcamting for overall performance.

30. Surprisingly, among the three originally defineubscales of mathematical competencies, the

subscale representing items measurigmoduction competencies shows the significant relationshiyn wi
student qualifications in both 2007 and 2010, eaféer accounting for overall performance in mathiena

15
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Table 4. Relationship between various mathematic s

in 2007 and 2010

cales in PISA 2003 and student qualifications measure  d

2007 2010
Aftgr Adjusted for
accounting for
. overall ) overall
Typespf Items classification (scale) Slmpl_e performance Slmpl_e performan_ce
classifications regression . regression (dst plausible
(1st plausible :
value in value "'.'
) mathematics)
mathematics)
Coef. Coef. Coef. Coef.
Thinking across multiple representations 0.131%*= 0.013 0.102%** -0.001
Probabilistic reasoning 0.183** 0.005 0.182%* 0.019
Statistics 0.283*** 0.068*** 0.267* 0.077**
Rates, ratios, proportions, and percentages 0.220%** 0.059** 0.194** 0.047*
Measurement 0.180*** 0.014 0.169*** 0.021
Using graphs, charts, tables, pictures, and diagrams 0.309*** 0.003 0.272%** 0.002
Newly developed Multiple graphg, charts, tables, pictures, and/or diagrams 0.309*** 0.003 0.272%* 0.002
classifications Spatial reasoning 0.193*** -0.016 0.165*** -0.023
Conceptual understanding vs. procedural knowledge 0.272%** 0.035 0.243%** 0.033
Constructing or presenting an argument or explanation 0.238*** 0.047* 0.206*** 0.038
Systematic, sequential, or strategic reasoning 0.245%** -0.001 0.209*** -0.014
Applying information/learning through studying examples 0.126%** -0.003 0.115%** 0.001
Thinking through a multi-step solution process 0.304** 0.022 0.271%* 0.021
Employing conceptual understanding/reasoning 0.268*** 0.030 0.249** 0.040
Using reverse thinking/flexible thinking 0.325%* 0.065** 0.274** 0.041
Making Sense of Non-Routine Situations 0.265*** 0.004 0.228*** -0.005
Space and shape 0.451%*= 0.072* 0.409*** 0.072
Owerarching idea |Change and relationship 0.503*** 0.265%** 0.460%* 0.238**
Uncertainty 0.514*** 0.297*** 0.462*** 0.242%*
Quantity 0.490*** 0.211%** 0.445*** 0.185***
Algebra 0.125*** 0.036 0.078*** 0.006
Discrete mathematics 0.233*** 0.035 0.209*** 0.040
Content area Functions 0.224*** 0.022 0.196*** 0.010
Geometry 0.226*** 0.000 0.208*** 0.011
Number 0.309*** 0.059* 0.282*** 0.049
Probabilistic reasoning 0.183** 0.005 0.182%* 0.019
Statistics 0.267** 0.025 0.244*** 0.031
Competencies Connections 0.312%** 0.029 0.285*** 0.038
Reflection 0.236*** 0.034 0.186*** 0.011
Reproduction 0.354*** 0.066*** 0.322*** 0.069**

Notes: ***, ** * denotes statistical significance at the 1%, 5% and 10% lewel, respectively.

31.

scales that are at least partly based on probldévingdtems.

32.

Similar analyses can be performed for probleivhsg items. In this case, in the regression
analysis, the overall performance on the problelvirsp scale was taken into account when comparing

The results in Tables 5 suggest that threeesdhlat are based on problem-solving items are

positively related to student qualificatioresnploying conceptual understanding/reasoning, using reverse
thinking/flexible thinking, and to a lesser extettinking through a multi-step solution process.
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Table 5. Relationship between various problem-solv  ing scales in PISA 2003 and student qualifications
measured in 2007 and 2010

2007 2010
After After
accounting for accounting for
Types of o Simple overall Simple overall
classifications Items classification (scale) regresr;ion performance regre;on performance
(1st plausible (1st plausible
value in problem value in problem
solving) solving)
Coef. Coef. Coef. Coef.
Problem types Decision making 0.119%* -0.034 0.116*** -0.030
yp System analysis and design 0.102*** -0.037 0.090*** -0.040*
Troubleshooting 0.112%* -0.041 0.080*** -0.065**
Thinking through a multi-step solution process  |0.304*** 0.050* 0.271%** 0.031
Newly developed | mhi0ying conceptual understanding/reasoning 0,268+ 0.069%** 0.249%+* 0.070%*
classifications Using reverse thinking/flexible thinking 0.325%* 0.084*** 0.274%* 0.051*
Making sense of non-routine situations 0.265*** 0.021 0.228*** -0.003
Notes: ***, ** * denotes statistical significance at the 1%, 5% and 10% level, respectively.
Individual items
33. Similar analysis is possible for individualnitg, although in this case sample sizes are geyerall

much smaller as not all students respond to allitesis. Relationships between student responses to
mathematics items in PISA 2003 and student quatibos measured in 2007 and 20010 are presented in
Table A5 in Annex A.The positive coefficient means that a correct sasp to an item is positively
associated with higher student qualifications. Tboefficients become smaller in general for all iseafter
accounting for overall performance. However, thibses with more positive coefficients than othems

in the simple regression model still tend to haweerpositive coefficients even in the regressiordeho
after accounting for overall performance. In faster 60% of the variation in the coefficients of tmodel
accounting for overall performance can be explaimethe coefficients of the simple regression mddel

34. Figure 1 shows the relationship between ststdesgponses to mathematics items in PISA 2003
and their qualifications measured in 2007 and 2@ft@r accounting for overall performance. In geher
the results are consistent between 2007 and 2@t@xample, when comparing the top 10 items thatmo
strongly related to qualifications in 2007 and #a%2010, the following seven items are commohdth
2007 and 2010: M124Q03T, M413Q03T, M442Q02, M4681Q04520Q02, M702Q01 and M704Q02T.

7. Relationships between student responses tdgonedolving items in PISA 2003 and student quadifiens
measured in 2007 and 20010 are presented in T&ble Annex A

8. Similarly, around 60% of the variation in theeéficients of the model accounting for overall fpemance
and some student background characteristics caxgdained by the coefficients of the simple regmss
model.
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Figure 1. Relationship between student responses to mathematics items in PISA 2003 and student
qualifications measured in 2007 and 2010

-Aﬂer accounting for student performance. relationship between student responses to matheamtics items in PISA 2003 and:
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Table 6 shows the list of the top ten mathereatems that have the strongest relationships with

student qualifications in either 2007 or 2010. Tlassifications of these items are also presei@exilar

to the results based on scales shown in Tabldsmsiclassified agatistics tend to be related to student
qualifications. Forty percent of the items classifiasstatistics (four of ten items) are found to be among
the mathematics items that have the strongestqgtiezlipower as shown in Table 6.

Table 6. Classifications of mathematics with strong relationships with student qualifications either i n 2007 or
2010
Or.|g|na}l New classification
classification
T ° 7] o g = =
g = i % » g c S é = 2 % é
N g S|E[2 ¢ & _ 5 & 2¢ § & &8 252 ¢
Unititem 5§81 | 28] @ | @ § § £ £ T 205 3 B4 888 3
code < 2 S|(Lle § 8 & £ & o 35235 T ¢ 3352 % @
5| 5|E|8|8|g|8|c|5|2 8 tage 2|vs8e2g ¢
g 2| |2 2 8 8 B s 2lzeegs|g E g8 £ £
o ¢ 2 0 9 = g 5> » ® -2 E B ¥ 3 b % o g
& & 3 = o s £ & S 2 &8 2 £ 2§52 o
o g & g 2 3 z < 5§ 2= fz¢ g
z g 3 2 ¢ E| ele
£ 2 g g s
= 3 " - | ®
M124Q03T 3 1 11210 00 F1 0, 0 O O -1 0 O 0|2 0|0 O
M411Q01 5 2 35100 i1  0/,0 O0/0 O/|1 0 O O 2 0 0 0
M413Q03T 5 2 21210 0 O 1 0,0 O O 1 1 0,0 O 2 2 2
M421Q01 7 4 3[2]0]O0 i1 o, 0 O O O -1/1 0|0 0 O 2.0
M442Q02 2 2 2 110 0 O O O O|O O -1 o0 1 112 O 22
M467Q01 6 4 3]|13]O0 1 0 1 0 1 1 0/-1 0 0 O 1 00 O
M468Q01T 5 4 3[5]0]0 $1  o,0 O O O -1/0 O O|2 0|0 O
M520Q02 2 22,3410 0 O/O0O O O O O|-1 o0 1 0,0 O O O
M571Q01 3 4 2(3]J]0,0 O 0 O O0O|O O 1 o 0O o]0 2 2.0
M603QO01T 5 2 11410, 0 O O O O|O O -1 o0 1, 0/0 O 1 2
M702Q01 7 4 11200 1,00 O O O 1 1 0,0 O 2 01O
M704Q01T 1 1 3510 0 0|00 1 1 0, -1,0 O O O O|O O
M704Q02T 1.1 2(2j0 0/0 0 0/ 1 1/0 -1 0 1 o0/|2 0 2 2
Coding information Coding information Coading information Coding information |
Content Area tem Format Using a Graph Thinking through a multi-step solution process
Algebra 1|Closed Constructed Respc ~ 1|No display 0|Employing conceptual understanding/reasoning
Discrete Mathem: 2|Open Constructed Respon:  2|Reading a display 1{Using reverse thinking/flexible thinking
Functions 3|Multiple Choice 3|interpreting a display 2|Making sense of non-routine situations
Geometry 4|{Complex Multiple Choice 4|Using multiple graphs Does not contribute to the cognitive load/demand 1 0
Number 5[Short Response 5[No graphic organisers O|Presentin an item butdoes not determine its cogr 1
Probabilistic reas 6|Competency clusters One graphic organiser 1|Contributes to the cognitive load/demand for an ite 2
Statistics 7|Connections 1|Multiple graphic organis 2|Other than above
Overarching idea Reflection 2|Conceptual understanding [item does notbelong to the attribute 0
Change and Relz 1|Reproduction 3|vs. procedural knowledge |ltem does belongs to the attribute 1
Quantity 2 Procedural knowledge -1
Space and Shape 3 Conceptual understand 1
Uncertainty 4
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36. Two examples of items in the classificationst@tistics are presented in Boxes 1 and 2. One
example of items in the classification rattes, ratios, proportions and percentages is in Box 3. Examples
of items in other classifications are shown in Anie

Box 1. Mathematics item: M702Q01

SUPPORT FOR THE PRESIDENT

Question 1: SUPPORT FOR THE PRESIDENT M702Q01

In Zedland, opinion polls were conducted to find out the level of support for the President in the
forthcoming election. Four newspaper publishers did separate nationwide polls. The results for
the four newspaper polls are shown below:

Newspaper 1: 36.5% (poll conducted on January 6, with a sample of 500 randomly selected
citizens with voting rights)

Newspaper 2: 41.0% (poll conducted on January 20, with a sample of 500 randomly selected
citizens with voting rights)

Newspaper 3: 39.0% (poll conducted on January 20, with a sample of 1000 randomly selected
citizens with voting rights)

Newspaper 4: 44.5% (poll conducted on January 20, with 1000 readers phoning in to vote).

Which newspaper’s result is likely to be the best for predicting the level of support for the
President if the election is held on January 25? Give two reasons to support your answer.

Box 2. Mathematics item: M468Q01T

SCIENCE TESTS

Question 1: SCIENCE TESTS M468Q01

In Mei Lin’s school, her science teacher gives tests that are marked out of 100. Mei Lin has an
average of 60 marks on her first four Science tests. On the fifth test she got 80 marks.

What is the average of Mei Lin's marks in Science after all five tests?

AVEIage: .o
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Box 3. Mathematics item: M413Q03T

EXCHANGE RATE

Mei-Ling from Singapore was preparing to go to South Africa for 3 months as an exchange
student. She needed to change some Singapore dollars (SGD) into South African rand (ZAR).

Question 3: EXCHANGE RATE M413Q03
During these 3 months the exchange rate had changed from 4.2 to 4.0 ZAR per SGD.

Was it in Mei-Ling’s favour that the exchange rate now was 4.0 ZAR instead of 4.2 ZAR, when
she changed her South African rand back to Singapore dollars? Give an explanation to support
your answer.

37. The relationship between correct responseemasi and future qualifications can partly depends
on item difficulty and discriminatory power. In gaal, more difficult items and items with higher
discriminatory power are considered to be more lzigklated to better future outcomes. Figure 2 show
how the mathematics items’ levels of difficulty arelated to their predictive power. Regression
coefficients for individual items after accountifay overall performance are used for measuring stem
predictive power. This figure shows that therelisast no relationship between these two: only 3%hef
variation in items’ predictive power can be expérby the items’ level of difficulty. Among items of
average difficulty, there are items like M411Q0Xhnhigh predictive power, and those like M509Q04. fo
which correct responses in 2003 are not assocthdetter student qualifications in 2010.

38. Figure 3 presents how two measures of an itpredictive power are correlated with each other:
one is a mathematics item’s relationship with smidgualifications measured in 2010e( regression
coefficient), after accounting for overall performea. The other is a mathematics item’s relationshiip
student qualifications measured in 2010, after aeting for item difficulty and discrimination. Theswo
are highly correlated (R=0.6). In general, items that are strong predsctfrstudent qualifications after
accounting for overall performance and student adtaristics are still among the best predictorgnev
after accounting for item IRT parameters. For eXam@d411Q01 is a strong predictor on both measures.

9. When regression coefficients for individualnite of the simple regression model are used for ongas
items’ predictive power, 2% of the variation innite’ predictive power can be explained by the items’
level of difficulty. When regression coefficientsrfindividual items are used for measuring items’
predictive power, after accounting for overall penmfance and some student background characteristics
4% of the variation in items’ predictive power damexplained by the items’ level of difficulty.
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Figure 2. Correlation between the level of difficul  ty of a mathematics item and the item’s predictive power
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Figure 3. Correlation between two different measure s of the predictive power of a mathematics item
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ltem’s relationship with student qualifications measured in 2010, iregression coefficient),
after accounting for item difficulty and discrimination

39. Similar analysis is possible for problem-safyitems in the PISA 2003 study. The results for the
problem-solving items are presented in Figures@A3 in Annex A.
Results for item format
40. PISA items have five different formats: shadponse, multiple choice, complex multiple choice,

closed-constructed response, and open-construespomse. It is often argued that simpler formaks, |
short response or multiple choice, are not ablmeasure the most advanced skills. Thus, PISA ase u
more complex items based on open constructed respathat are then carefully coded. The analysis
presented in Table 7 suggests, however, that amditipe responses on multiple choice and shorteesp
items are related to student qualificatiohFhis suggests that items that have simpler formatsbe at
least similarly useful as those of more complexiats.

10. In Table A7 in Annex A, the third set of resuis also presented. These are the regressionaeef§
when the student’s gender, socio-economic backgra@ni immigrant status were taken into account in
addition to overall student performance.
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41. Given the small sample size, it is difficultrtake generalisations about the nature of these two
attribute categories statistics andrates, ratios, proportions, and percentages — that make them predictive

in terms of item format. Ten items were coded aessngstatistics: two multiple-choice items, two
complex multiple-choice items, two short-resporieens, and four open-constructed response items. Ten
items were coded as assessiatgs, ratios, proportions, and percentages. three multiple-choice items,
three short-response items, and four open-conettuasponse items. In sum, of 20 items coded as
statistics or rates, ratios, proportions, and percentages, the largest proportion of items (8 items, or 40%)
are open-constructed response items. Five iten¥%)(2be short response, another five items are pheilti
choice (25%), and the remaining 2 items (10%) arepex multiple choice.

Table 7. Relationship between responses to items of different formats in PISA 2003 and student qualifica  tions
measured in 2007 and 2010.

2007 2010
) After accounting for After accounting for
item format Simple regression  overall performance | Simple regression  overall performance
(1st plausible value) (1st plausible value)
Coef. Coef. Coef. Coef.
After accounting for After accounting for
mathematics mathematics
Closed constructed response 0.216*** -0.006 0.192%* -0.011
Complex multiple choice 0.228** -0.004 0.207*** 0.004
Multiple choice 0.349*** 0.070** 0.295%** 0.045
Open constructed response 0.228*** -0.009 0.199*** -0.006
Short response 0.306*** 0.045* 0.289*** 0.057*
Accounting for problem Accounting for problem
solving performance solving performance
Closed constructed response 0.216*** 0.025 0.192%** 0.013
Complex multiple choice 0.228** 0.033 0.207*** 0.024
Multiple choice 0.349*** 0.095*** 0.295%** 0.060*
Open constructed response 0.228*** 0.02 0.199%*** 0.015
Short response 0.306*** 0.081*** 0.289*** 0.082**

Notes: *** ** * denotes statistical significance at the 1%, 5% and 10% level, respectively.

V. Conclusions

42. Several countries and economies that have cjpatied in PISA have also established
longitudinal studies based on sampled cohorts efeEs-old students tested in PISA. Longitudinaldiat

up studies of students who participated in PISAoffie possibility of exploring how competenciesige

15 are related to educational careers and labotkenautcomes. This report analyses the longitddina
data available from the Australian study (LSAY) ttle based on the PISA 2003 cohort. This survey
collected information on students’ educational eeseafter the age of 15, which are usually highly
associated with future labour market outcomes.

43. For the purpose of this study, several newsiflaations of PISA mathematics and problem
solving items were proposed. Using the studentHeviero data, the items were tested to determine
whether these new classifications are in fact edldb differences in student educational careenge T

original PISA assessment framework classificataese also used for this purpose. Unfortunatelgtii
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not possible to analyse labour-market outcomesstiadents tested in PISA 2003 as the latest data are
available for 2010, and most of these students wetrget looking for full-time employment.

44, Among the newly proposed classifications thet be generalised to other assessment areas
besides mathematicsising reverse thinking/flexible thinking was found to be significantly related to
student qualifications, both in mathematics andblenm-solving scales. The problem-solving scale of
employing conceptual understanding/reasoning is significantly related to student qualification¥eaker
relationships were also found for mathematics itdme¢onging to classes labellembnstructing or
presenting an argument or explanation and problem-solving items belonging to classesllat thinking
through a multi-step solution process.

45, From the four original PISA performance subssalepresenting overarching ideas, only the
space and shape subscale seems to be unrelated to student gadildins in 2010. In general, however, all
four original PISA subscales are positively relaetigher student qualifications.

46. It was found that items classified as assessiafjstics or rates, ratios, proportions, and
percentages reveal some characteristics that might contriliatéheir predictiveness. Collectively, these
statistics items all require students to make sense of tf@rnration they are given and apply their
knowledge and skills in a way that extends beydma rbutine application of a well-defined algorithm.
Eight of the ten items involve the concept of agerar mean but extend beyond the straight-forward
application of the algorithm by eliciting more colewp reasoning and thinking. For example, two items
require students to reason about the effect of wthiep on the mean; three items require students to
determine the mean after a data point has beerdamdehanged. The predictiveness of this set ofiste
appears to lie in the ability of prepared studdotbe flexible in their thinking and to apply commo
mathematical concepts to the solution of multi-stegm-routine problems.

47. Ten of the PISA 2003 mathematics items weredas$ assessimgtes, ratios, proportions, and
percentages. As with the statistics items, all of these items require students to msé&ese of the
information they are given, rather than simply gp a well-defined algorithm to a routine problem.
Seven of the items are complex and require mulsgs to arrive at a solution. For example, orenep
response item requires students not only to subsit formula to derive a solution, but to thertlgough
multiple unit conversions before arriving at a $iola expressed in the appropriate unit. A numiiehese
items also involve contexts that may not be unifgrfamiliar to 15-year-old students across a raofje
countries. Such contexts include the notion of gatio, currency exchange rates, population pyramid
and percentage capacity. The predictiveness ofsetiof items appears to lie in the ability of @Eeul
students to persist through the multiple stepsiredquo solve non-routine problems, and understamtl
interpret information presented in an unfamiliamfat or context.

48. The results of this analysis are promisingyalgh some limitations should be clearly noted. The
largest limitation is lack of real measures of fetlabour-market outcomes of students tested iAFFSr

the majority of students, it is still too early $ee these outcomes as these students are conttheing
education. The outcome measures used in this stediimited to educational outcomes only. With &rg
number of students obtaining the highest qualiocest level, it is impossible to see the differences
between items in predicting the most desirable mutss. With future data that measure outcomes in the
labour market it will be possible to differentidéter student outcomes and see what items bestcptkd
most desirable life achievements.
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Table Al [2/3]. Mathematics item classifications
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Table Al [3/3]. Mathematics item classifications

Coding information

Content Area

Algebra

Discrete Mathematics
Functions

Geometry

Mumber

FProkahkilistic reasoning
Statistics

bl I = ) B R R R e

Overarching idea Year Section
Change and Relaticnships 2003 Math
Quantity 2003 Math
Space and Shape 2000 and 2003 Math
Uncertainty 2003 Math

e L D

Item Format

Clozed Constructed Response
Open Constructed Response
Multiple Choice

Complex Multiple Choice

Zhortt Response

Mo Ld B =

Competency clusters
Connections
Reflection
Reproducticn 3

[

Using a Graph

Ma display

Reading a display
Interpreting a display

P —

Using multiple graphs
Ma graphic organisers
Qne graphic organiser
Multiple graphic crganisers

P —

Conceptual understanding vs. procedural knowledge
Frocedural knowledge -1
Conceptual understanding 1

Thinking through a multi-step solution process

Employing conceptual understanding/reasoning

Using reverse thinking'flexible thinking

IMaking sense of non-routine situations

Does not contribute to the cognitive load/demand for an item
FPresentin an item but does not determine its cognitive loadidemand
Contributes to the cognitive load/demand for an item

—&

Other than above
Itemn does not belong to the attribute 0
Itermn does bhelongs to the attribute 1
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Table A2 [1/2]. Problem-solving item classifications
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Table A2 [2/2]. Problem-solving item classifications

EDU/WKP(2013)2

Coding information

Overarching idea Year Section
Decision Making 5 2003 P3
System Analysis and Design 2003 P3
Troukleshooting [ 2003 P3

[ay]

[tem Format

Closed Constructed Response
Cpen Constructed Response
[Multiple Choice

Complex Multiple Choice

Shortt Kesponse

(N o L R —

Competency clusters
Connections
Reflection
Reproduction 3

[

Using a Graph

Mo display
Reading a display
Interpreting a display 2

- D

Using multiple graphs
Mo graphic organisers ]
Qne graphic crganiser

Multiple graphic organisers

[

Conceptual understanding vs. procedural knowledge
Procedural knowledge -1
Conceptual understanding 1

Thinking through a multi-step solution process

Employing conceptual understanding/reasoning

Using reverse thinking/flexible thinking

Making sense of non-routine situations

Does not contribute to the cognitive load/demand for an item
Presentin an item but does not determine its cognitive load/dermand
Contributes to the cognitive load/demand for an item

[ = O

Other than above
ltern does not belong to the attribute 0
ltern does belongs to the attribute 1
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PISA 2003 and student

thematic scales in
threereg  ression models

various ma

Table A3. Relationship between student responses to

qualifications measured in 2007 and 2010
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various problem-solving scales in PISA 2003 and

Table A4. Relationship between student responses to

hree regression models

student qualifications measured in 2007 and 2010: t
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Table A5 [1/2]. Relationships between student respo

10} Bununoosose Jayy

10} Bununooose 1ayy

0Lz

2002

£L0°0 8i0°0 8.5°0 FLOD 580°0 06L0 4800 05170 5800 Zegso SHodx3 ZODBEFN
FZL0 ZEL'D ¥8Z0 Looa 2210 280°0- ¥EL0 £80°0- 2910 A spodxg LODZEFI
ZL0 8210 6910 7000 #8070 €L 0 010 Z262°0- 1ZL°0 GEL'0 suag Suissol LODEZFI
2.0°0 12070 FLE0 8Z0°0 2900 gE00 ZL0°0 SL00- 0400 2ZF°0 Whisy E0DLEFN
2.0°0 2400 gLED 2100 #9070 #S0°0- 0i00 £51°0- 0800 CLZ0 whisH|  LZ0DLZRK
50170 FLLO Z85'0 67070 080°0 ZoL'0 6800 L1810 L80°0 s0L0 iy OO LZFA
Z80°0 S80°0 69F 0 ] £30°0 0ZLo 85800 53070 0400 1Z5°0 podsuelL|  LLODOZEN
54070 8i0°0 &S50 L5070 100 PZZ0 0loa 88270 0800 SZL0 sy sbueyax3|  LEODELEK
ZZL 0 8Z10 0S80 SP0°0 L6070 L 7600 0600 .0 2ey sbueyaxg ZO0DELFN
ELLO sLio SES0 620°0 64070 Z80°0 €800 0800 Lea ey sbueyaxg LODELFI
84070 12070 0050 SS00 130°0 1000 ¥90°0 1900 a Z00 LN
£80°0 0g0°a L350 FOL°0 29070 0800 S50°0 010 190°0 a OO LLFN
LL0°0 si0°0 ZiT0 LoD 250°0 vl o 0800 910" L300 a RSP0 LL0Dgorl
£60°0 $60°0 S0%0 gz0'0 £40°0 SE00- vL00 BE0°0- 6400 a syaelL Guuuny E0D80FN
2400 2050 020°a 080°0 EELD 8l00 Z80°0 1800 ‘a =yae.) Guluuny Z00S0FI
84070 LS50 L4070 £S0°0 €500 g800 £S0°0 ZL00 a syoel) Busuny LODS0FI
L4070 ZEE0 SZ00 08070 #S0°0 5800 SE0°0 5800 a 1By ABj3Y JBUISI| Z0DZ0FN
SL0°0 BLE0 LEOD 19070 Zr00 150°0 50070 §30°0 LZF0 1BUD AR JBUISIY LODZ0FN
2400 8320 L1070 L8070 Lo L80°0 £00°0 800 66Z°0 deyy LODS0ER
Z80°0 ZeF0 #5070 54070 0L00 8400 81070~ €400 ogra Et L] c0DZoEn
80170 ZZZ0 80070 2010 5000 L0ba 18070~ LLLD gelo AU 1ed ZODZ0EN
8L 0 2040 nooa oLe SL0°0- Z0E 67070 LZE0 SLED SAUQ e LLODZ0EN
06070 SSE0 8200 58070 1900~ €600 850°0- 2400 L6270 ssuladid D00Zd|  LLODELEN
88070 870 SEo0 FL0°0 Z00'0 vL00 500°0- Zi00 ¥SP0 Jzusdied 000Z4|  LLODEIZN
L8070 5200 GLF0 L#0°0 #9070 %900 1900 800°0 £90°0 LEF0 EJSUIBIUOD 000Zd| LLODZELW
55070 8300 580 0L0°0 L7070 FELO 0500 510 Z¥0'0 L5#0 E3US090d 0002d|  LIODSLLN
#8070 8600 960 LL0r0 Z30°0 FL00- 12070 2801°0- 2400 Z9Z'0 spiluesid uonendad 000Zd|  LeODSESLN
Z50°0 Z50°0 8BE0 8.0'0 280°0 ZL00 050°0 bELD £F0°0 G0%F'0 SPIWEIAS UoieINdad 000Zd|  LEODSSLN
£80°0 180°0 ¥SL0 kOO 8700 S0°0- 700 L20°0- 6700 ol o SpIWELAS uoieIndad 000Zd|  LE0DSSLI
bELO ¥ZL0 L0 £e0°0 08070 LLL'D S20°0 2110 1800 L5+0 SpIWELA uaieIndad 0002d LODSSLN
£60°0 180°0 8550 £30°0 83070 700" 85800 0#0°0 €00 ¥R 0 dn Gumol 000Z4|  LEODOSLK
08070 0800 eZZ0 91.0°0 #7070 8200 8700 20070 500 L0E0 dr GuiolD 000Zd|  LZ0D05LN
£EZL0 oLla gLlo BFF 0 z0°0 £0L°0 aloo 350°0 0e0°0- 010 &FF'0 dn GuimalD 000zd LODOSEN
26070 250°0 #80°0 5520 0Zoa Z10°0 g01°0- Se00 §41°0- g200 =J8 ] €3N0 0002d| LILOOSPLA
2400 12070 58070 BLZ0 Loa 68070 6600~ €L0a ZZ10- 0800 ooea Bunuied 292 0002d|  LPODFRLI
0EL0 FELD LZL0 EEB0 800 16070 gL00- 1oL 0200 oL SFe0 Bunuied 237 000zZd E0DFFLM
54070 8400 FL0°0- 08070 SZE0 L2070 L8070 ¥E00- %50°0 8¥0°0- 2900 LLED bunuied 2903 000Zd| LZ00#FLI
L6800 G800 BEDO L8070 FEF O EE00 ZL0°0 5000 22000 8Z0°0- 120°0 A M| bujuied 2902 000Zd|  LLOD#FLI
£80°0 L80°0 8520 £80°0 ZZr o L7070 #8070 Z8z'0 800 0LE" €400 S6F 0 Suses 0002d|  LEODFZLA
2400 €000 8400 0Z0°0 030°0 FEF'O Zr0a L3070 000 85800 000°0 6900 €9F0 Suess 000Zd LODFZIEN
84070 LEL0- Ze00 L0270 84070 L8320 gL00 080°0 gel 0~ 4800 810 800 €ZE0 42l 00024 LLODFEON
£0L°0 6000 gLio 54070 5110 2570 1200 8400 FL00 620°0 57070 €600 070 wooy #3l7 w 0002d LODEEON

EE 4307 EE] 1300 s 1207 EE 1307 38 1300 s 1500

punacibxoeq punoibxyoeq

JuesGILL JuesBG L

f aouewaopad aouewaopad
pue 535 Japuab pue 535 ‘aapuab apoo
ST IERERT] uo|ssaibay ajdwig ST TEEERE] uo|ssaibaly ajduwig aluey way| e
10y Buunoaoe Jayy a0y Buunoaoe Jayy
|[Bi2A0 TEIENG

34



EDU/WKP(2013)2
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items of different formats in PISA 2003 and student

Table A7. Relationship between student responses to

ression models

qualifications measured in 2007 and 2010: three reg
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Figure Al. Relationship between student responsest o problem-solving items in PISA 2003 and student
qualifications measured in 2007 and 2010

_Aﬂer accounting for student performance, relationship between student rezponses to problem-golving tems in PISA 2003 and:
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Figure A2. Correlation between the level of difficu Ity of a problem-solving item and the item's predic tive power
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Figure A3. Correlation between two different measunf the predictive power of a problem-solving
item
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ANNEX B
49. This annex presents the following mathematerss:
*  M555Q02T
M402Q01 and M402Q02
 M438Q01 and M438Q02
«  M467Q01
50. As shown in the columns “New classification"Tiable Al in Annex A, the item M555Q02T,

which is in the unit of CUBES, is classified smtial reasoning and procedural knowledge. The item
M402Q01, which is in the unit of INTERNET RELAY CHA is classified asmeasurement and
procedural knowledge. The item M402Q02, which is in the unit of INTERNERELAY CHAT, is
classified agneasurement; procedural knowledge; systematic, sequential, or strategic reasoning; thinking
through a multi-step solution process (contributes to the cognitive load/demand for @amit using reverse
thinking/flexible thinking (present in an item but does not determine its itwgnload/demand)and
making sense of non-routine situations (contributes to the cognitive load/demand for @mit The item
M438Q01, which is in the unit of EXPORTS, is cldigsl asusing a graph (interpreting a display)using
multiple graphs (multiple-graph organisersand procedural knowledge. The item M438Q02, which is in
the unit of EXPORTS, is classified #8nking across multiple representations; using a graph (reading a
display) using multiple graphs (multiple-graph organisersprocedural knowledge; andthinking through a
multi-step solution process (contributes to the cognitive load/demand for amit The item M467Q01,
which is in the unit of COLOURED CANDIES, is clafsd asprobabilistic reasoning; rates, ratios,
proportions, and percentages; using a graph (reading a display)using multiple graphs (one-graph
organiser,) procedural knowledge; andthinking through a multi-step solution process (present in an item
but does not determine its cognitive load/demand)
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M555Q02T: CUBES

Question 1
In this photograph you see six dice, labelled (a) to (f). For all dice there is a rule:

The total number of dots on two opposite faces of each die is always seven.

Write in each box the number of dots on the bottom face of the dice corresponding to the
photograph.

@ ) (9

d & ®
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M402Q01 AND M402Q02: INTERNET RELAY CHAT

Mark (from Sydney, Australia) and Hans (from Berlin, Germany) often communicate with each
other using “chat” on the Internet. They have to log on to the Internet at the same time to be able

to chat.

To find a suitable time to chat, Mark looked up a chart of world times and found the following:

Greenwich 12 Midnight Berlin 1:00 AM Sydney 10:00 AM

Question 1

At 7:00 PM in Sydney, what time is it in Berlin?

YA 1YY=

Question 2

Mark and Hans are not able to chat between 9:00 AM and 4:30 PM their local time, as they have
to go to school. Also, from 11:00 PM till 7:00 AM their local time they won't be able to chat
because they will be sleeping.

When would be a good time for Mark and Hans to chat? Write the local times in the table.

Place Time

Sydney

Berlin
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M438Q1 AND M438Q2: EXPORTS

The graphics below show information about exports from Zedland, a country that uses zeds as its
currency.

Total annual exports from Zedland in Distribution of exports from
millions of zeds, 1996-2000 Zedland in 2000

42.6

Other
21%

Cotton fabric
26%

Meat
Wool
14%
5% °
Tobacco
% Tea
Fruit juice 5%
9% Rice
13%
1996 1997 1998 1999 2000
Year
Question 1

What was the total value (in millions of zeds) of exports from Zedland in 1998?

ANSWEL: e

Question 2
What was the value of fruit juice exported from Zedland in 2000?

1.8 million zeds.
2.3 million zeds.
2.4 million zeds.
3.4 million zeds.
3.8 million zeds.

mooOw>

44



EDU/WKP(2013)2

M467Q01: COLOURED CANDIES

Question 1

Robert’'s mother lets him pick one candy from a bag. He can't see the candies. The number of

candies of each colour in the bag is shown in the following graph.

What is the probability that Robert will pick a red candy?

o0Ow>

10%
20%
25%
50%

i

pad

abuelQ |

MOJ[DA

uaal9

anig

45

Juld

a|dind

umolg



EDU/WKP(2013)2

THE OECD EDUCATION WORKING PAPERS SERIES ON LINE

The OECD Education Working Papers Series may bedat:
— The OECD Directorate for Education website: wwwaeny/edu/workingpapers

— Online OECD-ilibrary: http://www.oecd-ilibrary.orgducation/oecd-education-working-
papers_19939019

— The Research Papers in Economics (RePEc) website:nepec.org

If you wish to be informed about the release of @@#CD Education working papers, please:
- Go to www.oecd.org

- Click on “My OECD”

— Sign up and create an account with “My OECD”

— Select “Education” as one of your favourite themes

— Choose “OECD Education Working Papers” as one ®fiwsletters you would like to receive

For further information on the OECD Education Warki Papers Series, please write to:
edu.contact@oecd.org.
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