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Summary

The Program for International Student Assessment (PISA) is a system of international
assessments that measures 15-year-olds’ capabilities in reading literacy, mathematics liter-
acy, and science literacy every 3 years. PISA was first implemented in 2000 and is carried
out by the Organization for Economic Cooperation and Development (OECD), an intergov-
ernmental organization of industrialized countries. Each PISA data-collection effort
assesses one subject area in depth, even as all three are assessed in each cycle so that par-
ticipating countries have an ongoing source of achievement data in every subject area (fig-
ure 1). In addition to the major subject areas of reading literacy, mathematics literacy, and
science literacy, PISA also measures general or cross-curricular competencies such as
learning strategies. In this second cycle, PISA 2003, mathematics literacy was the subject
area assessed in depth, along with the new cross-curricular area of problem solving. Major
findings for 2003 in mathematics literacy and problem solving are provided here, as well as
brief discussions of student performance in reading literacy and science literacy and
changes in performance between 2000 and 2003.

U.S. Performance in Mathematics Literacy and Problem Solving

In 2003, U.S. performance in mathematics literacy and problem solving was lower than the
average performance for most OECD countries (tables 2 and 3). The United States also
performed below the OECD average on each mathematics literacy subscale representing a
specific content area (space and shape, change and relationships, quantity, and uncertainty).
This is somewhat different from the PISA 2000 results, when reading literacy was the
major subject area, which showed the United States performing at the OECD average
(Lemke et al. 2001).

Along with scale scores, PISA 2003 also uses six proficiency levels (levels 1 through 6, with
level 6 being the highest level of proficiency) to describe student performance in mathemat-
ics literacy (exhibit 5) and three proficiency levels (levels 1 through 3, with level 3 being the
highest level of proficiency) to describe student performance in problem solving (exhibit 9).
In mathematics literacy, the United States had greater percentages of students below level 1
and at levels 1 and 2 than the OECD average percentages (figure 5, table B-6). The United
States also had a lower percentage of students at levels 4, 5, and 6 than the OECD average
percentages. Results for each of the four mathematics content areas followed a similar pat-
tern. In problem solving, the United States also had greater percentages of students below
level 1 and at level 1 than the OECD average percentages, and a lower percentage of students
at levels 2 and 3 than the OECD average percentages (figure 8, table B-15).

This is also somewhat different from the PISA 2000 reading literacy results, which showed
that while the percentages of U.S. students performing at level 1 and below were not meas-
urably different from the OECD averages, the United States had a greater percentage of
students performing at the highest level (level 5) compared to the OECD average (Lemke et
al. 2001). In mathematics literacy and problem solving in 2003, even the highest U.S. achiev-
ers (those in the top 10 percent in the United States) were outperformed on average by their
OECD counterparts (figures 4 and 7, tables B-4 and B-13).

There were no measurable changes in the U.S. scores from 2000 to 2003 on either the space
and shape subscale or the change and relationships subscale, the only content areas for
which trend data from 2000 to 2003 are available (table B-11). In both 2000 and 2003, about
two-thirds of the other participating OECD countries outperformed the United States in
these content areas.
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U.S. Performance in Reading Literacy and Science Literacy

The U.S. average score in reading literacy was not measurably different from the OECD
average in 2000 or 2003 (figure 9, table B-16), nor was there any measurable change in the
U.S. reading literacy score from 2000 to 2003.

The U.S. score was below the OECD average science literacy score in 2003 (figure 9, table B-
17). There was no measurable change in the U.S. science literacy score from 2000 to 2003.

Differences in Performance hy Selected Student Characteristics

Sex

Males outperformed females in mathematics literacy in the United States and in two-thirds
of the other countries (figure 10, table B-18). Within the United States, greater percentages
of male students performed at level 6 (the highest level) than female students in mathemat-
ics literacy, but larger percentages of females were not seen at lower levels (below level 1
and levels 1 through 5; table B-19). In other words, differences in the overall scores between
males and females in the United States were due at least in part to the fact that a higher
percentage of males were found among the highest performers, not to a higher percentage of
females found among the lowest performers.

In the majority of the PISA 2003 countries (32 out of 39 countries), including the United
States, there were no measurable differences in problem-solving scores by sex (figure 10,
table B-21). However, females outscored their male peers in problem solving in six of the
seven remaining participating countries, as well as at the OECD average. Males outscored
females in problem solving in Macao-China.

Socioeconomic Background

In 2003, a few countries showed stronger relationships between socioeconomic background
(as measured by parental occupational status) and student performance than the United
States, while more showed weaker relationships. In 2003, the relationship between socio-
economic background and student performance in mathematics literacy was stronger in 5
countries (Belgium, Czech Republic, Germany, Hungary, and Poland) than in the United
States, while 11 countries had weaker relationships (table B-25). Three of the same five
countries (Belgium, Germany, and Hungary) had stronger relationships between socioeco-
nomic background and problem-solving performance than the United States, while 12 had
weaker relationships.

Race/Ethnicity

In the United States in PISA 2003, Blacks and Hispanics scored lower on average than
Whites, Asians, and students of more than one race in mathematics literacy and problem
solving (figure 11, table B-26). Hispanic students, in turn, outscored Black students. In

both mathematics literacy and problem solving, the average scores for Blacks and Hispanics
were below the OECD average scores, while scores for Whites were above the OECD
average scores.

For further results from PISA 2003, see the Organization for Economic Cooperation and
Development (OECD) publication Learning for Tomorrow’s World — First Results From PISA
2003, available at http://www.pisa.oecd.org (OECD 2004). A technical report for PISA 2003—
which describes in detail all the procedures used in the design, data collection, quality con-
trol, and analysis for the study, as well as the PISA 2003 data itself—will also be made avail-
able at that site.
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Introduction

PISA in Brief

The Program for International Student
Assessment (PISA) is a system of interna-
tional assessments that measures 15-year-
olds’ capabilities in reading literacy, mathe-
matics literacy, and science literacy every 3
years. PISA was first implemented in 2000
(figure 1).

PISA is sponsored by the Organization for
Economic Cooperation and Development
(OECD), an intergovernmental organization
of 30 industrialized nations. In 2003, 41 coun-
tries participated in PISA, including 30
OECD countries and 11 non-OECD coun-
tries (table 1). Of those 41 countries, com-
parisons for 39 countries (29 OECD coun-
tries and 10 non-OECD countries) are pro-
vided in this report. Data for one country,
Brazil, were not available at the time of
report production, and data for one other, the
United Kingdom, are not discussed due to
low response rates.

Figure 1. Program for International Student
Assessment (PISA) cycle

NOTE: The subject in all capital letters in each assessment
cycle is the major domain for that cycle.

SOURCE: Organization for Economic Cooperation and
Development (OECD), Program for International Student
Assessment (PISA), 2003.

Table 1. Participation in the Program for
International Student Assessment
(PISA), by country: 2000 and 2003

Country 2000 2003

Organization for Economic
Cooperation and Development
(OECD) countries

Australia ° °
Austria ° °
Belgium ° °
Canada ° °
Czech Republic ° °
Denmark ° °
Finland ° °
France ° °
Germany ° °
Greece ° °
Hungary ° °
Iceland ° °
Ireland ° °
Italy ° °
Japan ° °
Korea, Republic of ° °
Luxembourg ° °
Mexico ° °
Netherlands' ° °
New Zealand ° °
Norway ° °
Poland ° °
Portugal ° °
Slovak Republic °
Spain ° °
Sweden ° °
Switzerland ° °
Turkey °
United Kingdom? i o
United States ° °
Non-OECD countries
Brazil® ° °
Hong Kong-China °
Indonesia °
Latvia ° °
Liechtenstein ° °
Macao-China °
Russian Federation ° °
Serbia and Montenegro °
Thailand °
Tunisia °
Uruguay °

"Due to low response rates, PISA 2000 data for the
Netherlands are not discussed in this report. For information
on the results for the Netherlands, see OECD (2001).

2Due to low response rates, PISA 2003 data for the United
Kingdom are not discussed in this report.

8 Although Brazil participated in PISA 2003, its data were not
available in time for production of this report.

NOTE: A "e" indicates that the country participated in PISA
in the specific year. Because PISA is principally an OECD
study, non-OECD countries are displayed separately from the
OECD countries.

SOURCE: Organization for Economic Cooperation and
Development (OECD), Program for International Student
Assessment (PISA), 2000 and 2003.
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Each PISA data-collection effort assesses
one subject area in depth, even as all three
are assessed in each cycle so that partici-
pating countries have an ongoing source of
achievement data in every subject area. In
addition to the reading literacy, mathematics
literacy, and science literacy, PISA also
measures general or cross-curricular com-
petencies such as learning strategies. In
this second cycle, PISA 2003, mathematics
literacy was the subject area assessed in
depth, along with the new cross-curricular
area of problem solving. In 2006, PISA will
focus on science literacy. Results from
PISA 2000, which focused on reading litera-
cy, are described in Lemke et al. (2001) and
Organization for Economic Cooperation and
Development (OECD) (2001). In addition, a
series of thematic reports exploring topics
related to reading literacy in greater depth
are available through http://www.pisa.oecd.org
(see also the PISA resources and publica-
tions section of this report for information
about PISA publications).

This report focuses on the performance of
U.S. students in the two major areas
assessed in 2003, mathematics literacy and
problem solving. Achievement in the minor
domains of reading literacy and science lit-
eracy in 2003 is also presented, and differ-
ences in achievement by selected student
characteristics are covered in the final sec-
tion.

The Unique Contribution of PISA

The United States has conducted surveys of
student achievement at a variety of grade
levels and in a variety of subject areas
through the National Assessment of
Educational Progress (NAEP) for many
years. NAEP provides a regular benchmark
for states and the nation and a means to
monitor progress in achievement over time.

In order to provide a critical external per-
spective on the achievement of U.S. stu-
dents through comparisons to other nations,
the United States participates at the inter-
national level in PISA, the Progress in
International Reading Literacy Study
(PIRLS), and the Trends in International
Mathematics and Science Study (TIMSS).!
TIMSS and PIRLS seek to measure stu-
dents’ mastery of specific knowledge, skills,
and concepts, and are designed to reflect
curriculum frameworks in the United States
and other participating countries.

PISA provides a unique and complementary
perspective to these studies by not focusing
explicitly on curricular outcomes, but on the
application of knowledge in reading, mathe-
matics, and science to problems with a real-
life context (OECD 1999). The framework for
each assessment area is based upon con-
tent, processes, and situations or contexts.
For example, for mathematics literacy, the
content is made up of major mathematical
ideas, such as space and shape and uncer-
tainty. The processes describe what strate-
gies students use to solve mathematics
problems, such as making connections or
performing simple calculations. The situa-
tions or contexts refer to the kinds of places
in which students might encounter mathe-
matical problems, such as personal or edu-
cational. Assessment items are then devel-
oped based on these descriptions.

PISA uses the terminology of “literacy” in
each subject area to denote its broad focus
on application of knowledge and skills; that
is, PISA seeks to ask if 15-year-olds are
mathematically literate, or to what extent
they can apply mathematical knowledge and
skills to a range of different situations they
may encounter in their lives. Literacy itself
refers to a continuum of skills—it is not a
condition that one has or does not have (i.e.,
literacy or illiteracy), but rather each per-
son’s skills place them in a particular place
on the literacy continuum.

The United States has also participated in international comparative assessments of civics knowledge and skills (CivEd 1999)
and adult literacy (International Adult Literacy Survey [IALS 1994] and Adult Literacy and Lifeskills Survey [ALL 2003]).
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The target age of 15 allows countries to
compare outcomes of learning as students
near the end of compulsory schooling.
PISA's goal is to answer the question “what
knowledge and skills do students have at
age 15?” taking into account schooling and
other factors that may influence their per-
formance. In this way, PISA’s achievement
scores represent a “yield” of learning at age
15, rather than a direct measure of attained
curriculum knowledge at a particular grade
level, since 15-year-olds in the United
States and elsewhere come from several
grade levels and are enrolled in a variety
of classes (figures 2 and 3, tables B-1 and
B-2).

How PISA 2003 Was Conducted

PIS A 2003 was sponsored by the OECD and
carried out at the international level through
a contract with the PISA Consortium, led by
the Australian Council for Educational
Research (ACER).? The National Center for
Education Statistics (NCES) of the Institute
of Education Sciences at the U.S.
Department of Education was responsible
for the implementation of PISA in the
United States. Data collection in the United
States was carried out through a contract
with Westat. A review panel (see appendix
C for a list of members) provides input on
the development and dissemination of PISA
(and TIMSS) in the United States.

PISA 2003 was a 2-hour paper-and-pencil
assessment of 15-year-olds collected from
nationally representative samples in partici-
pating countries. Like other large-scale
assessments, PISA was not designed to
provide individual student scores, but rather
national and sub-national estimates of per-
formance. Every studentin PISA 2003 was
assessed in mathematics literacy; reading,
problem solving, and science questions were
spread among students (for more informa-
tion on PISA 2003’s design, see the techni-
cal notes in appendix A).

PISA 2003 was administered between March
and May 2003. The U.S. sample included
both public and private schools, randomly
selected and weighted to be representative
of the nation.® In the United States, to
improve response rates (a response rate of
approximately 50 percent was projected for
the end of the data collection period) and
better accommodate school schedules, a
second testing window was opened from
September through November 2003. In total,
262 schools and 5,456 students participated
in PISA 2003 in the United States. An over-
all weighted school response rate of 65 per-
cent before the use of replacement schools
and a weighted student response rate of 83
percent was achieved after testing in the
second window was complete (see technical
notes in appendix A for additional details on
sampling, administration, response rates,
and other issues).

For further results from PISA 2003, see the
Organization for Economic Cooperation and
Development (OECD) publication Learning
for Tomorrow’s World — First Results From
PISA 2003, available at http://www.pisa.oecd.org
(OECD 2004). A technical report for PISA
2003—which describes in detail all the pro-
cedures used in the design, data collection,
quality control, and analysis for the study, as
well as the PISA 2003 data itself—is also
available at that site.

This report provides results for the United
States in relation to the other countries par-
ticipating in PISA 2003, distinguishing
OECD countries and non-OECD countries.
All differences described in this report have
been tested for statistical significance at
the .05 level. Additional information on sta-
tistical procedures used in this report is pro-
vided in the technical notes.

®The PISA Project Consortium consists of the Australian Council for Educational Research (ACER), the Netherlands National
Institute for Educational Measurement (CITO), Educational Testing Service (ETS, USA), National Institute for Educational Policy

Research (NIER, Japan), and Westat (USA).

3The sample frame data for the United States for public schools were from the Common Core of Data (CCD), and the data for
private schools were from the Private School Survey (PSS). Any school containing at least one 7th- through 12th-grade class as
of the school year 2000-01 was included on the school sampling frame.
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Figure 2. Percentage distribution of U.S. 15-year-old students, by grade: 2003
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SOURCE: Organization for Economic Cooperation and Development (OECD), Program for International Student Assessment
(PISA), 2003.

Figure 3. Percentage distribution of U.S. 15-year-old students, by type of mathematics class:
2003
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not sum to totals because of rounding.

SOURCE: Organization for Economic Cooperation and Development (OECD), Program for International Student Assessment
(PISA), 2003.
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U.S. Performance in
Mathematics Literacy

PISA’s major focus in 2003 was mathematics
literacy. Mathematics literacy is defined as:

...an individual's capacity to identify and
understand the role that mathematics plays
in the world, to make well-founded judge-
ments and to use and engage with mathe-
matics in ways that meet the needs of that
individual’s life as a constructive, con-
cerned, and reflective citizen. (OECD 2003,
p.24)

PISA’s emphasis is on the ability to apply a
range of knowledge and skills to a variety of
problems with real-life contexts. In the
PISA 2003 mathematics literacy assess-
ment, students completed exercises
designed to assess their capabilities in
using a range of mathematical competen-
cies, grouped and described as “competen-
cy clusters.” These clusters—reproduction,
connections, and reflection—describe sets
of skills students may use to solve prob-
lems. The reproduction cluster involves the
reproduction of the practiced material and
performing routine operations. The connec-
tions cluster calls for integration and con-
nection of material, and the modest exten-
sion of practiced material. The reflection
cluster relates to students’ abilities in
advanced reasoning, argumentation,
abstraction, generalization, and modeling
applied to new contexts.

The problems themselves were designed to
come from the variety of situations (person-
al, educational/occupational, public, or sci-
entific) that students encounter, and to have
a real-life context. The mathematical con-
tent of the problems was drawn from four
overarching ideas: space and shape, change
and relationships, quantity, and uncertainty.

These overarching ideas represent a way to
organize mathematical content broadly and
encompass many traditional curricular areas
such as algebra or geometry (see also
Steen 1990).

* Space and shape includes recognizing
shapes and patterns, describing, encod-
ing, and decoding visual information,
understanding dynamic changes to
shapes, understanding similarities and
differences and relative positions, and
understanding the relationship between
visual representations and real shapes
and images.

* Change and relationships covers the rep-
resentation of change, including mathe-
matical functions such as linear, expo-
nential, or logistic, as well as data analy-
sis needed to specify relationships or
translate between representations.

* Quantity focuses on quantitative reason-
ing (including number sense, estimating,
mental arithmetic, understanding mean-
ing of operations, having a feel for the
magnitude of numbers, and computa-
tions) and understanding of numerical
patterns, counts, and measures.

* Uncertainty includes the two related topics
of data and chance, or statistics and prob-
ability, including data analysis and graphic
and numeric representations of data.

A comparative analysis of the NAEP, PISA,
and TIMSS mathematics assessments spon-
sored by NCES found that the 2003 PISA
mathematics literacy assessment used far
fewer multiple-choice items than NAEP or
TIMSS. PISA also had a much stronger con-
tent focus on the “data” area (which often
deals with using charts and graphs), which
fits with PISA’s emphasis on using materi-
als with a real-world context (see technical
notes for more information on the results of
the assessment comparisons).*

*See Neidorf, T.S., Binkley, M., Gattis, K., and Nohara, D. (forthcoming) and the technical notes in appendix A for more informa-
tion. Other comparative analyses focus on assessments of science and reading in PISA, NAEP, TIMSS, and PIRLS. See
Neidorf, T.S., Binkley, M., and Stephens, M. (forthcoming); Binkley, M., and Kelly, D. (2003); Binkley, M., Afflerbach, P., and Kelly, D.

(forthcoming); and Nohara, D. (2001).
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Sample mathematics literacy items for each
of these areas and student responses are
shown here. For more information about the
mathematics literacy domain, refer to The
PISA 2003 Assessment Framework:
Mathematics, Reading, Science, and Problem
Solving Knowledge and Skills (OECD 2003).
Additional mathematics literacy sample
items can be found at http://nces.ed.gov/
surveys/pisa, in the PISA 2003 framework
document referenced above, in Measuring
Student Knowledge and Skills: The PISA 2000
Assessment of Reading, Mathematical and
Scientific Literacy (OECD 2000) and in
Sample Tasks from the PISA 2000
Assessment: Reading, Mathematical and
Scientific Literacy (OECD 2002).
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Exhibit 1. Space and shape sample item: 2003

Question 20: CUBES AT45001
In this photograph you see six dice, labeled (a) to {f). For all dice there is a rule:

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

Write in 2ach box the number of dots on the bottom face of the dice coresponding to
the photograph.

(a) (b) (&)

|5 |+

AEE

(dy (e} (B

RESULTS:

U.5. percentocomect...............G2.7
OECD percent correct............68.0

ltem difficulty; Level 2
Situation: Occupational
Competency: Reproduction

SOURCE: Organization for Economic Cooperation and Development (OECD), Program for
International Student Assessment (PISA), 2003.
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Exhibit 2. Change and relationships sample item: 2003

The Best Car

A car magazine uses a rating systam to evaluate new cars, and gives the award of "The
Car of tha Year" to the car with the highast total score. Five new cars are baing
avaluated, and their ratings are shown in the tabla.

Car Safety Fuel External Internal
Features Efficiency | Appearance Fittings
(5) {F) (E) (m
Ca 3 | i 2 3
M2 2 i 2 2 2
Sp 3 | 1 3 2
N i _ 3 3 3
KK 3 I 2 3 2
The ratings are interpreted as follows:
3 points = Excellent
2 points = Good
1 point = Fair
Question 5: THE BEST CAR My

To calculate the total score for a car, the car magazine uses the following rule, which is a
weighted sum of the individual score points:

Total Score=(3xS)+F+E+T

Calculata the lotal scora for Car “Ca”. Write your answer in the space below.

Total score for Ca™ .o iie e eneians

RESULTS:
LS, percent correct.......o.over. 748
QECD parcent cormect ............ 7249

item difficulty: Level 2
Situation: Public
Compatancy: Reproduction

SOURCE: Organization for Economic Cooperation and Development (OECD), Program for
International Student Assessment (PISA), 2003.
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Exhibit 2. Change and relationships sample item: 2003—Continued

The Best Car

Question 6: THE BEST CAR gk b ol
The manufacturer of car "Ca” thought the rule for the total score was unfair.
Write down a rule for calculating the total score so that Car “Ca” will be the winner.

Your rule should include all four of the variables, and you should write down your rule by
filling in positive numbers in the four spaces in the equation below.

3 | r

Totalsoore = ....5 ... X B X P i X E+..-.3....:-c T.

35 +F +E 437

ca =2

Ml = e

Sp =19

NIl =18

kk =20
RESULTS:
U.5. percent commect...............20.2
DECD percent comrect............25.4

ltem difficulty; Level 5
Situation: Public

Competency: Reflection

SOURCE: Organization for Economic Cooperation and Development (OECD), Program for
International Student Assessment (PISA), 2003.
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Exhibit 3. Quantity sample item: 2003

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 14: EXCHANGE RATE MA13002 - 0 1

On returning to Singapore after 3 months, Mei-Ling had 3 800 ZAR left. She changed
this back to Singapore dollars, noting that the exchange rate had changed to:

15GD =4.02ZAR
How much money in Singapore dollars did Mei-Ling get?

215

ANSWer;

RESULTS:
LS. percent correct ............ccoe 678
OECD percent correct................ 73.9

Rarm difficulty: Lavel 2
Situation: Public
Compatency: Reproduction

SOURCE: Organization for Economic Cooperation and Development (OECD), Program for
International Student Assessment (PISA), 2003.
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Exhibit 3. Quantity sample item: 2003—Continued

Exchange Rate

Question 15: EXCHANGE RATE W4 19003 - ¢
During thesa 3 months the exchange rata had changed from 4.2 to 4.0 ZAR per SGD.

Was it in Mei-Ling's favor that the exchange rate now was 4.0 ZAR instead of 4.2 ZAR,
when she changed her South African rand back to Singapore doflars? Give an
gxplanation 1o support your answer.

40, .. then 3900/4 = 975

it 42 . then 3900/421 = 91857

Yes pecause she would receive more
ONey,

RESULTS:

LS. percent correct. ..............37.2
OECD percent correct............40.3
ltem difficulty: Level 4

Situation: Public

Competency: Reflection

SOURCE: Organization for Economic Cooperation and Development (OECD), Program for
International Student Assessment (PISA), 2003.

11
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Exhibit 4. Uncertainty sample item: 2003

Question 32: TEST SCORES 120

The diagram balow shows tha rasulls on a Science test for two groups, labelad as Group
A and Group B.

The mean score for Group A ks 62.0 and the mean for Group B is 4.5, Sludenis pass
this test when their score is 50 or above.

Scores on a Science test

B
5
4
3
2

Number of students
o -
[ |
p—
—_—

52 ] o =1 5z =4 0 E
» T &S 9N N w5
s 2 8§ T & = & &
Group A PR Grouwp B
| studenrt failed L studerts pailed
| | Pass IO Pass

B Group A [|GroupB

Looking at the diagram, tha teacher claims that Group B did better than Group A in this
test,

The students in Group A don't agree with their teacher. They try to convince the teacher
that Group B may not necessarily have done better

Give one mathematical argument, using the graph, that the students in Group A could
use,

Group A could araue that | |
peQople from their aroup passed,
and only IO from aroup B did

RESULTS:

LS. percentcorrect...............39.8

QECD percent corract............ 322 SOURCE: Organization for Economic
Itemn difficulty; Level 5 Cooperation and Development
Situation: Educational (OECD), Program for International
Competency: Conneclions Student Assessment (PISA), 2003.
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Combined mathematics literacy scores are
reported on a scale with a mean of 500 and
standard deviation of 100.° Fifteen-year-old
students in the United States had an aver-
age score of 483 on the combined mathemat-
ics literacy scale, lower than the OECD
average score of 500 (tables 2 and B-3). U.S.
students were less mathematically literate
than their peers in 20 of the other 28 OECD
countries and 3 of the 10 non-OECD coun-
tries. Eleven countries (5 OECD countries
and 6 non-OECD countries) reported lower
scores compared to the United States in
mathematics literacy.

U.S. students also had lower scores than
the OECD average scores for each of the
four content area subscales (space and
shape, change and relationships, quantity,
and uncertainty). Twenty-four countries (20
OECD and 4 non-OECD countries) outper-
formed the United States on the space and
shape subscale, 21 countries (18 OECD and
3 non-OECD countries) outperformed the
United States on the change and relation-
ships subscale, 26 countries (23 OECD and 3
non-OECD countries) outscored the United
States on the quantity subscale, and 19
countries (16 OECD and 3 non-OECD coun-
tries) outscored the United States on the
uncertainty subscale.

®Because the average was set for the combined mathematics literacy scale, average scores for the mathematics literacy subscales

differ slightly from 500. PISA 2000 mathematics literacy scores were re-scaled using the greater detail in PISA 2003 data in order to

provide a more complete measure of achievement than that available in 2000. See technical notes in appendix A for more informa-

tion on scaling. PISA's intent for each subject area is to draw baseline information for describing changes and trends in achieve-

ment from the cycle in which that subject area is the major domain. The use of minor domains allows PISA to provide indicative

information about changes in performance over time; however, changes in a subject area are best measured from the cycle in which

it is the major domain. Thus, changes in reading literacy achievement are based upon PISA 2000 data, when reading literacy was the 1 3
major domain, and changes in mathematics literacy scores, in turn, are based upon this 2003 cycle. Science literacy scores from 2000

and 2003 may be re-scaled based up on the much greater detail for science literacy which will be available in 2006.
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Table 2.

students, by country: 2003

Average combined mathematics literacy scores and subscale scores of 15-year-old

Combined mathematics literacy

Mathematics subscales

Space and shape

Change and relationships

Score

Country

OECD average

(200 LS00 K5 (4] [S1 [4;]
NN W W a1 (o1
o |N O |© N |

OECD countries

4
524
| Sweden | 509
| Austria | 506
3
Poland 490
Hungary 490
Spain 485
United States 483
Non-OECD countries
597

Latvia 483
Russian Federation

S
[=2]
(]

S
w
hy]

Serbia and Montenegro

Urugua
Thailand

W |~
> |—=
!I

Indonesia

a
o

Tunisia

See notes at end of table.

Score

Country

OECD average

OECD countries
ELEN
Korea
Switzerland
Finland
Belgium
Czech Republic

(<))
(3]

New Zealand 2

(S
N

Australia

=2
(o)
-
=
Q
>
o
»

Canada
Austria
Denmark 512
France m
Slovak Republic
Iceland m
German m
Sweden
Poland
Luxembourg
Norwa 483
Hungary 479
Spain 476
Ireland 476
United States 472
Italy 470

Non-OECD countries

528

| latvia |

!

Latvia

£~

Russian Federation 47

Serbia and Montenegro
Thailand

Urugua

Indonesia

e e I
| Thailand | 424]
| Uruguay | 1]
| indonesia | s61]
_Tunisia |

359

Tunisia

Score

Country

OECD average

OECD countries

551
| Korea | s
I ")
| lceland | 509
| Denmark | 509
[ reland | 506
| Sweden | 505]
| Austria | 500
Slovak Republic 494
Norway 488
Luxembourg 487
United States 486
Poland 484

Spain 481
Portugal
Ital
Greece
Turke

Mexico

Non-OECD countries
Hong Kong-China
Liechtenstein
Macao-China
Latvia 48
Russian Federation 47

| 540
| 540

~N

Serbia and Montenegro
Urugua
Thailand

| o5]

w

Tunisia

| Thailand | 5

w
w
g

Indonesia
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Table 2. Average combined mathematics literacy scores and
subscale scores of 15-year-old students, by country:

2003—Continued

Mathematics subscales

Uncertainty

Quantity
Country Score
| OECDaverage [ 501
OECD countries
Finland
Korea
Switzerland
Belgium
Netherlands
Canada 528

Czech Republic
Japan
Australia
Denmark
German
Sweden

Iceland

Austria

Slovak Republic
New Zealand

(S0 [$)]
N N
~ |0

o1
=
3

(S0 (S, 0 (S, 10 [0 [S, 0 (S, I (&) ]
Pt D Pt P PG PG 'y
=W W |w |||

France 7
Ireland
Luxembourg
Hungar m
Norwa m
Spain
Poland
United States 476
Italy 475

Non-OECD countries

| Hong Kong-China | 545

533
Latvia 482
Russian Federation 472

Serbia and Montenegro
Urugua

A
w |
!!

Thailand
Tunisia

w
=S

6
Indonesia 357

S
—_
o1

Country Score

OECD average m

OECD countries
Finland m
Korea
52
51
51
51

| dceland | ses
| Belgium | o2
| Sweden | s
| France | s06]
_Czech Republic | ___500]

Austria 494
Poland 494
Germany 493
Luxembourg 492
United States 491
Hungary 489
Spain 489

Slovak Republic

Ital

Non-OECD countries
Hong Kong-China m

Liechtenstein 523
474

Russian Federation
Serbia and Montenegro
Thailand

@ Average is significantly higher than the U.S. average

0O Average is not significantly different than the U.S. average

m Average is significantly lower than the U.S. average

NOTE: Statistical comparisons between the U.S. average and the Organization for
Economic Cooperation and Development (OECD) average take into account the contri-
bution of the U.S. average toward the OECD average. The OECD average is the average
of the national averages of the OECD member countries with data available. Because the
Program for International Student Assessment (PISA) is principally an OECD study, the
results for non-OECD countries are displayed separately from those of the OECD coun-
tries and are not included in the OECD average. Due to low response rates, data for the
United Kingdom are not discussed in this report.

SOURCE: Organization for Economic Cooperation and Development (OECD), Program
for International Student Assessment (PISA), 2003.
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On average, the highest U.S. achievers
(those in the top 10 percent of U.S. students)
were outperformed by their OECD counter-
parts (figure 4, table B-4). To be in the top 10
percent in the United States, students had
to score 607 or higher, while on average
across the OECD countries, students would
have had to score 628 or higher to be in the
top 10 percent. Scores for the top 10 percent
of students within countries ranged from 466
or better in Indonesia and Tunisia to 672 or
better in Hong Kong-China. Low performers
in the United States (those in the bottom 10
percent) had a cutoff score of 356 or lower,
which was lower than the cutoff score of 369
or lower for the OECD average. There was
approximately a 251 point score difference,
or about two and a half standard deviations,
between the cutoff scores for the top 10 per-
cent and the bottom 10 percent of 15-year-old
students for mathematics literacy in the
United States, compared to about a 259 point
difference using the OECD average scores.

The standard deviation (which measures the
spread of scores around the average) for the
United States (95), in fact, was lower than
the OECD average standard deviation of 100
(table B-5). Sixteen countries (10 OECD and
6 non-OECD countries) showed less varia-
tion in performance than the United States,
while three countries (Belgium, Germany,
and Uruguay) had larger standard deviations.

Along with scale scores, PISA 2003 also uses
six proficiency levels (levels 1 through 6, with
level 6 being the highest level of proficiency)
to describe student performance in mathe-
matics literacy (exhibit 5). An additional level
(below level 1) encompasses students whose
skills cannot be described using these profi-
ciency levels. The proficiency levels describe
what students at each level can do and allow
comparisons of the percentages of students
in each country who perform at different lev-
els of mathematics literacy (see technical
notes in appendix A for more information
about how levels were set).

The U.S. average score of 483 on the com-
bined mathematics literacy scale was just
above the bottom cut point for level 3; the
OECD average score of 500 was near the
midpoint of level 3 (table 2, exhibit 5). The
cutoff score of 607 for U.S. high performers
(those in the top 10 percent in the United
States) placed it just into level 5; the OECD
score for high performers was near the mid-
point of level 5. The cutoff U.S. score of 356
for low performers (those in the bottom 10
percent) was below level 1, while the OECD
cutoff score of 369 for the bottom 10 percent
was a level 1 score (figure 4, exhibit 5).
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Figure 4. Distribution of combined mathematics literacy scores of 15-year-old students, by
country: 2003

Country
OECD average - ' ' ' [ I 7777 '
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Finland 4 | | | , T 1777 !
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Macao-China - : : ' ' 777 '
Latvia - ' ' ' [ — —ro '
1 1 1 1
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interval (+/- 2 standard error)

NOTE:The Organization for Economic Cooperation and Development (OECD) average is the average of the national averages
of the OECD member countries with data available. Because the Program for International Student Assessment (PISA) is
principally an OECD study, the results for non-OECD countries are displayed separately from those of the OECD countries and
are not included in the OECD average. Due to low response rates, data for the United Kingdom are not discussed in this report.
SOURCE: Organization for Economic Cooperation and Development (OECD), Program for International Student Assessment
(PISA), 2003.



18

International Outcomes of Learning in Mathematics Literacy and Problem Solving

Exhibit 5. Description of proficiency levels for combined mathematics literacy: 2003

Proficiency level

Task descriptions

Level 1

At Level 1 students can answer questions involving familiar contexts where all rele-
vant information is present and the questions are clearly defined. They are able to
identify information and to carry out routine procedures according to direct instruc-
tions in explicit situations. They can perform actions that are obvious and follow
immediately from the given stimuli.

Level 2

At Level 2 students can interpret and recognize situations in contexts that require
no more than direct inference. They can extract relevant information from a single
source and make use of a single representational mode. Students at this level can
employ basic algorithms, formula, procedures, or conventions. They are capable of
direct reasoning and making literal interpretations of the results.

Level 3

At Level 3 students can execute clearly described procedures, including those that
require sequential decisions. They can select and apply simple problem solving
strategies. Students at this level can interpret and use representations based on
different information sources and reason directly from them. They can develop short
communications reporting their interpretations, results, and reasoning.

Level 4

At Level 4 students can work effectively with explicit models for complex concrete
situations that may involve constraints or call for making assumptions. They can
select and integrate different representations, including symbolic, linking them
directly to aspects of real-world situations. Students at this level can utilize well-
developed skills and reason flexibly, with some insight, in these contexts. They can
construct and communicate explanations and arguments based on their interpreta-
tions, arguments, and actions.

Level 5

At Level 5 students can develop and work with models for complex situations, iden-
tifying constraints and specifying assumptions. They can select, compare, and eval-
uate appropriate problem solving strategies for dealing with complex problems
related to these models. Students at this level can work strategically using broad,
well-developed thinking and reasoning skills, appropriate linked representations,
symbolic and formal characterizations, and insight pertaining to these situations.
They can reflect on their actions and formulate and communicate their interpreta-
tions and reasoning.

Level 6

At Level 6 students can conceptualize, generalize, and utilize information based on
their investigations and modeling of complex problem situations. They can link dif-
ferent information sources and representations and flexibly translate among them.
Students at this level are capable of advanced mathematical thinking and reason-
ing. These students can apply this insight and understandings along with a mastery
of symbolic and formal mathematical operations and relationships to develop new
approaches and strategies for attacking novel situations. Students at this level can
formulate and precisely communicate their actions and reflections regarding their
findings, interpretations, arguments, and the appropriateness of these to the origi-
nal situations.

NOTE: In order to reach a particular level, a student must have been able to correctly answer a majority of items at that
level. Students were classified into mathematics literacy levels according to their scores. Exact cut point scores are
as follows: below level 1 (a score less than or equal to 357.77); level 1 (a score greater than 357.77 and less than or equal to
420.07); level 2 (a score greater than 420.07 and less than or equal to 482.38); level 3 (a score greater than 482.38 and less
than or equal to 544.68); level 4 (a score greater than 544.68 and less than or equal to 606.99); level 5 (a score greater than
606.99 and less than or equal to 669.3); level 6 (a score greater than 669.3).

SOURCE: Organization for Economic Cooperation and Development (OECD), Program for International Student
Assessment (PISA), 2003.
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The United States had greater percentages of
students below level 1 and at levels 1 and 2
than the OECD average percentages (figure 5,
table B-6). The United States also had a lower
percentage of students at levels 4, 5, and 6,
than the OECD average percentages. This is
somewhat different from the 2000 results,
when reading literacy was the major domain.
PIS A 2000 results showed that while the per-
centages of U.S. students performing at level 1
and below were not measurably different from
the OECD averages, the United States had a
greater percentage of students performing at
the highest level (level 5) compared to the
OECD average (Lemke et al. 2001).

In mathematics literacy in 2003, half (19) of the
other 38 countries had a higher percentage of
students at level 6 than the United States,
including 16 OECD countries and 3 non-OECD
countries (Hong Kong-China, Liechtenstein,
and Macao-China) (figure 6, table B-6). In
contrast, nine countries had a higher percent-
age of students below level 1 than the United

States (four of these nine—Greece, ltaly,
Mexico, and Turkey—were OECD countries).
These same nine countries, as well as the
Russian Federation and Portugal, had more
students at level 1 than the United States.

The United States had a lower percentage of
students at level 6 than the OECD average for
each of the four content area subscales

(space and shape, change and relationships,
quantity, and uncertainty) and a smaller per-
centage than the OECD average at level 4 and
level 5 on three of the four subscales (excep-
tions were for uncertainty at level 5 and change
and relationships at level 4) (tables B-7
through B-10).

The United States also had a higher percent-
age of students at level 1 than the OECD
average on each of the four subscales and
more at level 2 for all subscales except uncer-
tainty. On the quantity and uncertainty sub-
scales, the United States also had greater
percentages of students than the OECD aver-
age percentages below level 1.

Figure 5. Percentage distribution of 15-year-old students in the OECD countries and the
United States on the combined mathematics literacy scale, by proficiency level: 2003

Country
OECD average 21 24 | = 4
United States 24 | 24 | =s 2
| | |
60 80 100
Percent
B Below Level 1 [L] Level 1 O Level 2 [ Level 3 O Level 4 H Level 5 . Level 6

NOTE: In order to reach a particular proficiency level, a student must have been able to correctly answer a majority of items at
that level. Students were classified into mathematics literacy levels according to their scores. Exact cut point scores are as fol-

lows: below level 1 (a score less than or equal to 357.77); level 1 (a score greater than 357.77 and less than or equal to 420.07); level
2 (a score greater than 420.07 and less than or equal to 482.38); level 3 (a score greater than 482.38 and less than or equal to 544.68);
level 4 (a score greater than 544.68 and less than or equal to 606.99); level 5 (a score greater than 606.99 and less than or equal to
669.3); level 6 (a score greater than 669.3). The Organization for Economic Cooperation and Development (OECD) average is the
average of the national averages of the OECD member countries with data available. Detail may not sum to totals because of
rounding.
(SPOIgESE Organization for Economic Cooperation and Development (OECD), Program for International Student Assessment
, 2003.
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Figure 6. Percentage distribution of 15-year-old students on the combined mathematics
literacy scale, by proficiency level and country: 2003

Country

OECD average

OECD countries
Finland
Canada
Korea
Netherlands
Australia
Iceland
Ireland
Denmark
Japan
New Zealand
Switzerland
Czech Republic
Sweden
France
Austria
Slovak Republic
Poland
Norway
Belgium
Luxembourg
Hungary
Spain
Germany
United States
Portugal
Italy
Greece
Turkey
Mexico

Non-OECD countries
Macao-China
Hong Kong-China
Liechtenstein
Latvia
Russian Federation
Serbia and Montenegro
Thailand
Uruguay
Indonesia
Tunisia

3 13 15
5 1 87
8 ‘ 84
yA 82
8 [ 82
4 01 80
10 [ 81
12 [ 81
11 I 80
9 [ 18
10 [ 18
10 [ 18
12 [ 18
6 12 [ 79
6 11 I 80
6 13 I i
13 [ 71
15 [ 16
14 [ 16
i 9 [ 15
7 14 I 76
3 15 I 5
3 15 [ 16
9 12 [ 74
10 16 [ 2
19 [ 69
1 19 67
3 21 [ 60
3 25 [ 45
3 28 34
9 1 84
4 yA 79
7 ] 80
3 16 [ 15
19 [ 68
13 24 58
24 30 46
6 22 51
0 28 I 22
27 [ 22
[ [ [ [
20 40 60 80
Percent
Il Below level 1 [0 Level1 [ Levels2,3,4,and5 |l Level 6

NOTE: In order to reach a particular proficiency level, a student must have been able to correctly answer a majority of items at
that level. Students were classified into mathematics literacy levels according to their scores. Exact cut point scores are as fol-
lows: below level 1 (a score less than or equal to 357.77); level 1 (a score greater than 357.77 and less than or equal to 420.07); level
2 (a score greater than 420.07 and less than or equal to 482.38); level 3 (a score greater than 482.38 and less than or equal to 544.68);
level 4 (a score greater than 544.68 and less than or equal to 606.99); level 5 (a score greater than 606.99 and less than or equal to
669.3); level 6 (a score greater than 669.3). The Organization for Economic Cooperation and Development (OECD) average is the
average of the national averages of the OECD member countries with data available. Because PISA is principally an OECD
study, the results for non-OECD countries are displayed separately from those of the OECD countries and are not included in
the OECD average. Due to low response rates, data for the United Kingdom are not discussed in this report. Detail may not

20

(PISA), 2003.

sum to totals because of rounding.
SOURCE: Organization for Economic Cooperation and Development (OECD), Program for International Student Assessment
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Changes in Mathematics Literacy
Performance From 2000 to 2003

Because mathematics literacy was a minor
domain in 2000, items from only two content
areas (space and shape and change and rela-
tionships) were administered in that assess-
ment cycle. As a result, it is not possible to
describe changes since 2000 for the combined
mathematics literacy scale or for the other
two content areas (quantity or uncertainty).
Rather, changes can only be discussed for
the two content areas represented in 2000 and
2003 (space and shape and change and rela-
tionships). Data from 2000 were re-scaled
using 2003 mathematics literacy data in order
to make these comparisons.® Comparisons
were available only for OECD countries com-
mon to both the 2000 and 2003 cycle (28 coun-
tries) but results for the United Kingdom and
the Netherlands are not discussed here due
to low response rates for the United Kingdom
in 2003 and the Netherlands in 2000. In total,
results for 26 OECD countries were available
for comparisons and are discussed here.

There were no measurable changes in the
U.S. scores from 2000 to 2003 on either the
space and shape subscale or the change and
relationships subscale (table B-11). In both
2000 and 2003, about two-thirds of the other
countries outperformed the United States
on these scales. Eighteen of the other 25
OECD countries outscored the United
States on the space and shape scale in 2003
(compared to 19 in 2000); 17 OECD countries
outscored the United States on the change
and relationships scale in 2003 (compared to
14 in 2000).

Five countries had their scores improve on
the space and shape subscale. Four of the
five countries with improved scores on the
space and shape subscale also showed
improvements on the change and relation-
ships scale (Belgium, Czech Republic,
Luxembourg, and Poland; Italy improved its
score on the space and shape scale but not
on the change and relationships scale).

Of the five countries that showed increases
on the space and shape subscale, Belgium
and the Czech Republic already outper-
formed the United States in 2000 and also
improved their scores in 2003. Italy, despite
its improvement in score, was not measura-
bly different from the United States in either
year. Poland, which was not measurably dif-
ferent from the United States in 2000,
outscored the United States in 2003, and
Luxembourg, which scored below the United
States in 2000, also outscored the United
States in 2003.

Two countries (Mexico and Iceland) showed
decreased scores from 2000 to 2003 on the
space and shape scale. Despite these
decreases in performance, there was no
change in the relative position of either
country compared to the United States: that
is, Iceland outperformed the United States
in 2000 and 2003 on the space and shape sub-
scale, and Mexico performed worse than the
United States in 2000 and 2003.

Of the other 25 OECD countries, 11 had their
scores improve from 2000 to 2003 on the
change and relationships subscale, while no
country had a decrease. Of the 11 countries
that improved from 2000 to 2003, several
already outperformed the United States in
2000: Belgium, Canada, Denmark, Finland,
and Korea all scored higher than the United
States in 2000 on the change and relation-
ships subscale. Several other countries
were not measurably different from the
United States in 2000, but outperformed the
United States in 2003 (Czech Republic,
Germany, Hungary). Three countries
(Luxembourg, Poland, and Spain) had lower
scores than the United States in 2000 on the
change and relationships subscale, but were
not measurably different from the United
States in 2003. Portugal, despite its
improvement in score, still scored lower than
the United States in 2000 and 2003.

®For more information on scaling, see the technical notes in appendix A.
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U .S. Performance in For more information about the problem-

solving framework, please refer to The PISA

Problem solvin 2003Assessment Framework: Mathgmatics,
g Reading, Science, and Problem Solving
Knowledge and Skills (OECD 2003).
As noted, one of PISA’s major goals is to Additional released problem-solving items
assess skills that cut across traditional cur- can be found at
ricular areas. In 2003, PISA assessed stu- http://nces.ed.gov/surveys/pisa.

dents’ abilities in problem solving.’
Problem solving is defined as:

...an individual's capacity to use cognitive
processes to confront and resolve real,
cross-disciplinary situations where the
solution is not immediately obvious, and
where the literacy domains or curricular
areas that might be applicable are not with-
in a single domain of mathematics, sci-
ence, or reading. (OECD 2003, p. 156).

Students completed exercises that assessed
their capabilities in using reasoning
processes not only to draw conclusions but
to make decisions, to troubleshoot (i.e., to
understand the reasons for malfunctioning
of a system or device), or to analyze

the procedures and structures of a
complex system (such as a sim-

ple kind of programming lan-

guage). Problem-solving

items required students to

apply various reasoning

processes, such as induc-

tive and deductive reasoning,

reasoning about cause and

effects, or combinatorial rea-

soning (i.e., systematically compar-

ing all the possible variations which can
occur in a well-described situation).
Students were also assessed in their skills
in working toward a solution and communi-
cating the solution to others through appro-
priate representations. Sample problem-
solving items and student responses are
shown here.

\

"PISA 2003's problem-solving assessment focused explicitly on problem-solving skills, using a variety of contexts, disciplines, and
problem types. The items used to measure problem solving in PISA 2003 were different from other items, such as those measuring
mathematics literacy. Problem solving can also be embedded within measures of content areas such as mathematics or science,
however. TIMSS 2003, for example, incorporated an explicit aspect of problem solving and inquiry into the description of desired
outcomes for mathematics and science. A review of mathematics and science items in PISA and TIMSS showed that 38 percent of
eighth-grade TIMSS 2003 mathematics items and 48 percent of PISA 2003 mathematics literacy items measured some aspect of
problem solving; additionally, 26 percent of eighth-grade TIMSS 2003 science items and 49 percent of PISA science literacy items
measured problem-solving skills (Dossey, O'Sullivan, and McCrone forthcoming).
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Exhibit 6. Problem-solving sample item 1: 2003

Design By Numbers®!

Design by Mumbers is a design tool for generating graphics on computers, Pictures can
be generated by giving a st of commands to the program.

Study carefully the following example commands and pictures before answering the
questions.

. D -
FaE Pand
an
Line 20 0 B0 80 Line 20 20 80 20
g Lifie 0 20 50 80
Linix S0 BO 20 20

Question 4: DESIGN BY NUMBERS 41200
Which of the following commands generated the graphic shown below?

Paper 50
D Paper 75

L]

RESULTS:

LS. percent comect .. ..ccoovee. 413
QECD percent comect........... 50.3 SOURCE: Organization for Economic
Item difficulty: Level 2 Cooperation and Development (OECD),

Problem T : System analysis and dasian Program for International Student
ype. Sy ty 9 Assessment (PISA), 2003.

Paper 100

Paper 0
(B} Paper 20

1Design by Numbers was developed by the Aesthetics and Computation Group at the MIT Media Laboratory.
Copyright 1999, Massachusetts Institute of Technology. The program can be downloaded from
http://dbn.media.mit.edu.

23



International Outcomes of Learning in Mathematics Literacy and Problem Solving

Exhibit 6. Problem-solving sample item 1: 2003—Continued

Design By Numbers

Question 5: DESIGN BY NUMBERS
Which of the following set of commands generated the graphic shown balow?

A Papar 100 Pan O Line BO 20 BO &0
B Paper( Fen 100 Line 80 20 &0 80
C Paper 100 Pen 0 Line 20 80 80 60
EJ Paper 0 Pen 100  Line 20 80 80 60
RESULTS:
.S, percent comect...............48.6
DECD parcent oormect............ 48.3

Itern difficulty: Lavel 2
Problam Type: Systam analysis and design

Question 6: DESIGN BY NUMBERS
The following shows an example of the “Repeat” command.

The command “Repeat A 50 80" iells the

program to repeat the actions in brackets { },
Eﬁur:?: for sucesssive valuas of A from A=50 o
Fepeal A 50 80 A=80.
I'l.i'ln 20 A &) &

H

Write commands to generate the following graphic:
Paper O

Pen 100

fepeat & O o0

Line 20 A LD A

RESULTS:
LS. percent cormect............... 31.4
DECD percent comect............39.6
ltem diHi:;ull‘y: Layveal 2 SOURCE: Organization for Economic
. | Cooperation and Development (OECD),
Problem Type: System analysis and design Program for International Student

Assessment (PISA), 2003.
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Exhibit 7. Problem-solving sample item 2: 2003

Below is a diagram of a system of imrigation channels for watering sections of crops. The
gates A to H can be cpened and closed o let the water go where it is needed. When a
gate is closed no water can pass through it.

This is a problem about finding a gate which is stuck closed, preventing water from
flowing through the system of channels.

Figure 1: & system of irrigation channels

Michael notices that the water is not always going where it is supposed to.
He thinks that one of the gates is stuck closed, so that when it is switched to "open’”, it
does not open.

Question 17: IRRIGATION ey
Michael uses the sethings given in Table 1 to test the gates.

Table 1: Gate Settings
! A B c D E F G H

| Open | Closed | Open | Open | Closed | Open | Closed | Open

With the gate setfings as given in Table 1, on the diagram below draw all the possible
paths for the flow of water, Assume that all gates are working according to the setings.

#= Out

RESULTS:
U.5. percent corect...............008.2
OECD percent comect............62.9

ltem difficulty: Lavel 1
Problem Type: Trouble Shooting

SOURCE: Organization for Economic Cooperation and Development (OECD), Program for International Student
Assessment (PISA), 2003.
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Exhibit 7. Problem-solving sample item 2: 2003—Continued

Question 18: IRRIGATION XBOTCN

Michael finds that, whan the gates have the Table 1 settings, no water flows through,
indicating that at least one of the gates set to “open” is stuck closed.

Decide for each problem case below whether the water will flow through all the way,
Circle “Yes" or "No” in each case.

Problem Case Will water flow through all the way?
Gate A is stuck closed, All other gates Yes -‘frr“inl
are working properly as set in Table 1. et
zate D s stuck clozed. All other gates "
are working property as set in Table 1. I.EEE) f No
Gate F Is stuck closed. All other gales are (e
working properly as sat in Table 1. \Yes)/ Mo

RESULTS:
U.5. parcent comect...............44.6
QECD percant comect ............51.3

Item difficulty: Level 2
Problem Type: Trouble Shooting

Question 19: IRRIGATION X000
Michael wants to be able to test whather gate D is stuck closad.

In the fallowing table, show setlings for the gates o lest whether gate D is stuck closed
when it is set o “open”.

Settings for gates (each one “open” or “closed”)

A B c D E F G H
open |tosed | dosed | Open | clOosed |ﬁﬂ5€.{! tosed | closed

RESULTS:
LS. percent carrect ...............51.5
OECD percent correct ............ b44

tem difficulty: Level 2
Problem Type: Trouble Shooting

SOURCE: Organization for Economic Cooperation and Development (OECD), Program for International Student
26 Assessment (PISA), 2003.
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Exhibit 8. Problem-solving sample item 3: 2003

Library System

The John Hobson High School library has a simple system for lending books: for stalf
members the loan pencd is 28 days, and for students the loan period is 7 days. The
following is & decision tree diagram showing this simple system;

START

Loan pericd is

Is the borrower a 28 days.

staff mamber? Yas

Loan period is T
days.

The Greenwood High School library has a similar, but more complicated, lending
systam:
= Al publications classified as "Heserved” have a loan penod of 2 days.

*  [For books (not including magazines) that are not on the reserved list, the loan period
is 28 days for staff, and 14 days for students.

*  For magazines that are not on the reserved list, the loan period is 7 days for
everyone.
*  Parsons with any overdue items are not allowed to borrow anything.

Question 13: LIBRARY SYSTEM Y0200

You are a student at Greenwood High School, and you do not have any overdue items
from the library. You want to borrow a book that is not on the reserved list. How long
can you borrow the book for?

ANSWET  creereeeaiee days
RESULTS:
LLS. percent cormect......coceines 5.3
OECD percentcormect............ 74.8
Itemn difficulty:; Level 1
Problem Type: System analysis and design

SOURCE: Organization for Economic Cooperation and Development (OECD), Program for International Student
Assessment (PISA), 2003.
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Exhibit 8. Problem-solving sample item 3: 2003—Continued

Library System

Question 14: LIBRARY SYSTEM B e T

Daevelop a decision tree diagram for the Greenwood High School Library system so
that an automated checking system can be da-si;i]nad to deal with book and magazine
loans at the library. Your El«z:h:jnrn;r|1 systam should be as efficient as possible (i.e. it
should have tha least number of chacking steps). Mote that each chacking stap should
hava anly two outcomeas and the outcomas should be labaled appropriately (e.g.“Yes"
and "Na”).

START

v

e
[1ou

Py M
— Eln.c*

Y Bnrbim,

oo pericd | e il .
is 7 dogs {:— B Pdaazine

RIS TR R R |
el oar pericsd

i, peEr i
‘ is 1B days |‘é

is |4
RESULTS:
LS. percent correct.............. 13.5
QECD percent correct............14.3
item difficulty: Level 3 SOURCE: Organization for
- ] i Economic Cooperation and
Problem Type: System analysis and design Development (OECD). Program for

International Student Assessment
(PISA), 2003.
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Problem-solving scores are reported
on a scale with a mean of 500 and
standard deviation of 100. Fifteen-
year-old students in the United
States had an average score of 477
on the problem-solving scale, lower
than the OECD average score of 500
(table 3, table B-12). U.S. students
scored lower in problem solving
than their peers in 25 of the other 38
countries (22 OECD and 3 non-
OECD countries). Eight countries (3
OECD—Greece, Mexico, and
Turkey—and 5 non-OECD countries)
reported lower scores compared to
the United States in problem solv-
ing. Three OECD country scores
(and two non-OECD country scores)
were not measurably different from
the U.S. average score in problem
solving.

On average, U.S. high a