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Introduction

The skills and knowledge that individuals bring to their jobs, to further studies, and to our society play an
important role in determining our economic success and our overall quality of life. Today’s knowledge-
based economy — driven by advances in information and communication technologies, reduced trade
barriers, and the globalization of markets — has precipitated changes in the type of competencies that the
present and future economy requires. This includes a rising demand for a core set of foundational skills
upon which further learning is built.

Education systems play a central role in laying a solid base upon which subsequent knowledge and skills
can be developed. Students leaving secondary education without strong basic competencies may experience
difficulty accessing the postsecondary education system and the labour market, and they may benefit less
when learning opportunities are presented later in life. Without the tools needed to be effective learners
throughout their lives, these individuals with limited skills risk economic and social marginalization.

Governments in industrialized countries have devoted large portions of their budgets to providing high-
quality schooling. Given these investments, they are interested in the relative effectiveness of their education
systems. To address these issues, member countries of the Organisation for Economic Co-operation and
Development (OECD), along with partner countries and economies,' developed a common tool to improve
their understanding of what makes young people — and education systems as a whole — successful.
This tool is the Programme for International Student Assessment (PISA), which seeks to measure the
extent to which youth, at age 15, have acquired some of the knowledge and skills that are essential for full
participation in modern societies.

The Programme for International Student Assessment

PISA is a collaborative effort among member countries of the OECD. PISA is designed to provide policy-
oriented international indicators of the skills and knowledge of 15-year-old students and shed light on a range
of factors that contribute to successful students, schools, education systems, and learning environments.” It
measures skills that are generally recognized by participating countries as key outcomes of the educational
process. The assessment focuses on young people’s ability to use their knowledge and skills to meet real-
life challenges. These skills are believed to be prerequisites for efficient learning in adulthood and full
participation in society.

Information gathered through PISA enables a thorough comparative analysis of the performance of students
near the end of their compulsory education. PISA also permits exploration of the ways that achievement
varies across different social and economic groups, and the factors that influence achievement within and
among countries.

' From this point forward, the term “countries” will be used to denote “countries and economies.”

2 OECD. (2013). PISA 2012 Assessment and analytical framework: Mathematics, reading, science, problem solving and financial literacy, Paris:
Author. Retrieved from http://www.oecd.org/pisa/pisaproducts/PISA%202012%20framework%20e-book_final.pdf.




Over the past decade, PISA has brought significant public and educational attention to international
assessments and related studies by generating data that enhance the ability of policy makers to formulate
decisions based on evidence. Canadian provinces have used information gathered from PISA, along with
such other sources of information as the Pan-Canadian Assessment Program (PCAP),* other international
assessments, and their own provincial assessment programs, to inform various education-related initiatives.
In Canada, PISA is carried out through a partnership consisting of Employment and Social Development
Canada (ESDC), the Council of Ministers of Education, Canada (CMEC), and Statistics Canada.

The project began in 2000 and focuses on the capabilities of 15-year-olds as they near the end of compulsory
education. It reports on mathematical, reading, and scientific literacy every three years, and selects one of
those domains for more detailed study. In 2012 the focus is on mathematical literacy.

Why did Canada participate in PISA?

Canada’s participation in PISA stems from many of the same questions motivating other participating
countries. In Canada, provinces and territories invest significant public resources in the provision of
elementary and secondary education, and Canadians are interested in the outcomes of learning. How can
resources be directed to the achievement of higher levels of knowledge and skills upon which lifelong
learning is founded, and to the potential reduction of social inequality?

Elementary and secondary education systems play a key role in providing students with the knowledge and
skills that form the foundation necessary to further develop human capital, either through participation in
the workforce, postsecondary education, or lifelong learning. Previous studies based on PISA data have
shown the relationship between strong skills in the core subject areas at age 15 and outcomes in later life.
Youth with strong reading skills were much more likely to finish high school and complete postsecondary
education. For example, results from the Youth in Transition Survey (YITS) show that there is a strong
association between reading proficiency and educational attainment. Canadian students in the bottom
quartile of PISA reading scores were much more likely to drop out of secondary school and less likely to
have completed a year of postsecondary education than those in the highest quartile of reading scores. In
contrast, Canadian students in the top PISA level of reading performance were 20 times more likely to go
to university than those in the lowest PISA level.*

Questions about educational effectiveness can be partly answered with data on the average performance
of Canada’s youth in key subject areas. However, two other questions with respect to equity can only be
answered by examining the distribution of competencies: Who are the students at the lowest levels? Do
certain groups or regions appear to be at greater risk? These are important questions because, among other
things, acquisition of knowledge and skills during compulsory schooling influences access to postsecondary
education, eventual success in the labour market, and the effectiveness of continuous, lifelong learning.

3 CMEC. (2008). PCAP-13 2007 Report on the assessment of 13-year-olds in reading, mathematics, and science. Toronto: Author.
4 OECD. (2010). Pathways to success: How knowledge and skills at age 15 shape future lives in Canada. Paris: Author.




What is PISA 2012?

PISA 2012 is the fifth cycle of PISA to be completed, and it focuses on mathematical literacy. While
mathematics was also assessed in previous PISA cycles, it was the major focus only in 2003. Students who
participated in PISA 2012 entered primary school at about the time of the 2003 survey, and thus the 2012
results provide an opportunity to relate policy changes undertaken in 2003 to changes in learning outcomes.
With an emphasis on mathematics, PISA 2012 reports on general mathematical literacy as well as four
content knowledge areas (Change and Relationships; Space and Shape; Quantity; and Uncertainty and
Data) and three process areas (Formulating situations mathematically; Employing mathematical concepts,
facts, procedures, and reasoning; and Interpreting, applying, and evaluating mathematical outcomes). As
minor domains in PISA 2012, reading and science are only measured at an overall, rather than detailed,
level.

Until now, PISA in Canada has been implemented through a paper-based assessment. However, PISA
2012 also includes a computer-based assessment of problem solving, reading, and mathematics. The
2009 reading framework and the 2012 mathematics and problem-solving frameworks include electronic
assessments and expand the definition of ‘PISA literacies’ beyond what can be measured by a traditional
paper-and-pencil test. PISA recognizes the pervasiveness of computer-based tools in the workplace and
everyday life in the 21% century. This design feature of PISA 2012 represents a transition, as PISA 2015
will move to a fully computer-based mode of administration.

Sixty-five countries participated in PISA 2012, including all 34 OECD countries.® Between 5,000 and 10,000
students aged 15 from at least 150 schools were typically tested in each country. In Canada, approximately
21,000 15-year-olds from about 900 schools participated across the ten provinces.’

The large Canadian sample was required to produce reliable estimates representative of each province, and
of both francophone and anglophone school systems in Nova Scotia, New Brunswick, Quebec, Ontario,
Manitoba, Alberta, and British Columbia. It should be noted that PISA was administered in English or
French according to the respective school system.

The assessment was administered in schools, during regular school hours in April and May 2012. It was
a two-hour paper-and-pencil test. In addition, an 80-minute computer-based assessment was administered
to a subset of students in either mathematics, reading, or problem solving. All students also completed
a 30-minute background questionnaire providing information about themselves and their home, while
school principals completed a 20-minute questionnaire about their schools. As part of PISA 2012, national
options could also be implemented. Canada chose to add a 20-minute student questionnaire as a national
component to collect more information on the school experiences of 15-year-olds, their work activities,
their relationships with others, and their attitudes toward trades.

5
6

7

Results of the problem-solving component will be released later by OECD.

OECD countries include: Australia, Austria, Belgium, Canada, Chile, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece,
Hungary, Iceland, Ireland, Israel, Italy, Japan, Korea, Luxembourg, Mexico, the Netherlands, New Zealand, Norway, Poland, Portugal, Slovak
Republic, Slovenia, Spain, Sweden, Switzerland, Turkey, United Kingdom, and United States.

Partner countries are: Albania, Argentina, Brazil, Bulgaria, Chinese Taipei, Colombia, Costa Rica, Croatia, Cyprus, Hong Kong-China, Indonesia,

Jordan, Kazakhstan, Latvia, Liechtenstein, Lithuania, Macao-China, Malaysia, Montenegro, Peru, Qatar, Romania, Russian Federation, Serbia,
Shanghai-China, Singapore, Thailand, Tunisia, United Arab Emirates, Uruguay, and Vietnam.

No data were collected in the three territories and in First Nations schools. Further information on sampling procedures and response rates for
Canada can be found in Appendix A.




Overview of PISA 2012

International Canada
Participating jurisdictions 65 countries and economies e 10 provinces
Population Youth aged 15 e Same
C Between 5,000 and 10,000 per country

Number of participating with some exceptions for a total of around e Approximately 21,000
students

470,000

Major: paper-based mathematics
Domains Minor: paper-based reading and science e Same

Languages in which the test
was administered

Assessment

International options

National options

Computer-based problem solving
47 languages o

Two hours of assessments of mathematics,
reading, and science

Forty-minute computer-based assessment
of problem solving

A contextual questionnaire administered to
students

A school questionnaire administered to
school principals

Ten-minute optional questionnaire

on information technology and

communications administered to students
Ten-minute optional questionnaire on °
educational career administered to students
Twenty-minute optional questionnaire
administered to parents

Forty-minute optional electronic reading o
and mathematics assessment

Grade-based sampling

One-hour optional assessment of financial

literacy

One-hour booklet directed at assessment of
lower-level skills

Other options were undertaken in a limited °
number of countries

English and French

Same

Forty-minute optional electronic
reading and mathematics
assessment

Ten-minute optional
guestionnaire on educational
career administered to students

Ten-minute questionnaire
administered to students
regarding their attitudes towards
working in the trades




Objectives and organization of the report

This report provides the initial results from the PISA 2012 assessment for Canada and the provinces. It
presents the national and provincial results in mathematics, reading, and science, and complements the
information presented in the PISA 2012 International report.® Results are compared to other participating
countries, and across Canadian provinces.

Chapter 1 provides information on the performance of Canadian 15-year-old students on the PISA 2012
assessment in mathematics, covering both the paper-based and computer-based assessments. Chapter 2
presents results on the performance of Canada and the provinces in the minor domains of reading (paper-
based and computer-based) and science. Finally, the major findings and opportunities for further study are
discussed in the conclusion.

8 The PISA 2012 international report is released in five volumes. Results presented in this report correspond to results presented in Volume 1,
OECD. (2013). What Students Know and Can Do: Student Performance in Mathematics, Reading and Science. Paris: Author.







Chapter 1

The performance of Canadian students in mathematics in an international context

This chapter presents results of the PISA 2012 assessment in the major domain of mathematics in terms
of average scores and proficiency levels for both the paper-based and computer-based components. First,
the performance of Canadian 15-year-old students is compared to the performance of 15-year-olds from
the other participating countries. Results are presented for Canada overall and by province, both for
mathematics overall and by the sub-domains of mathematics (processes and content areas) for the paper-
based component. The Canadian results are then described in terms of the six PISA proficiency levels for
mathematics.

Next, the report presents the performance of students enrolled in anglophone and francophone school
systems for those provinces in which the two groups were sampled separately, and compares the performance
in mathematics of Canadian students by gender. It follows this with results from the new computer-based
assessment of mathematics. These are presented by province and by gender, as well as in aggregate with
the paper-based component for a combined score denoted as “composite mathematics.” Finally, change in
mathematics performance over time is also discussed.

Defining mathematics

In the PISA context, “mathematics” denotes “mathematical literacy,” which implies a focus on students’
active engagement in mathematics and their preparedness for life in a modern society. As such, it is expected
that students can demonstrate their capacity to use mathematical content and language in contexts that are
appropriate for 15-year-olds, when they are close to the end of their formal mathematics training.

Mathematical literacy is defined as: “... an individual’s capacity to formulate, employ, and interpret
mathematics in a variety of contexts. It includes reasoning mathematically and using mathematical concepts,
procedures, facts, and tools to describe, explain, and predict phenomena. It assists individuals to recognize
the role that mathematics plays in the world and to make the well-founded judgments and decisions needed
by constructive, engaged and reflective citizens.”

The mathematics framework was originally developed for PISA 2000 and further articulated in 2003, when
mathematics was the major domain. It has kept its essential features since then, which allows reporting
on trends in performance over time. However, in 2012 two major improvements were made to the 2003
framework: 1) the articulation of “processes” in which students engage when solving mathematical
problems, and their inclusion as a distinct reporting category; and 2) the new, optional computer-based
assessment of mathematics in which 32 countries, including Canada, participated. These two elements do
not jeopardize the possibility of reporting on trends in mathematics performance because they expand the
information that was already available in PISA 2003.

® OECD. (2013). PISA 2012 Assessment and analytical framework: Mathematics, reading, science, problem solving and financial literacy. Paris:
Author.




Three mathematical processes are used in PISA 2012 to describe what individuals do to integrate the
context of a problem with mathematics to solve it. These processes are as follows:

e Formulating situations mathematically: being able to recognize and identify opportunities to use
mathematics and then provide mathematical structure to a problem presented in some contextualized
form by translating it into a mathematical form.

e Employing mathematical concepts, facts, procedures, and reasoning: being able to employ these
elements to solve mathematically formulated problems.

e Interpreting, applying, and evaluating mathematical outcomes: being able to reflect upon mathematical
solutions, results, or conclusions and interpret them in the context of real-life problems.

Although students use all these processes together when solving mathematical problems, each item on
the PISA assessment is assigned to one of them only, for reporting purposes. Overall, approximately half
of the score points are assigned to the process of Employing, with the other half divided equally between
Formulating and Interpreting.

As was the case in 2003, the mathematical content knowledge is organized around four broad content areas
central to the discipline. Although their definitions and delineations may vary, these are also consistent with
the way provincial curricula, as well as provincial, pan-Canadian'® and other international assessments,'!
are organized. These broad content categories are as follows:

e Change and Relationships involves the study of temporary and permanent relationships among
phenomena, where changes occur within systems of interrelated objects or phenomena when the elements
influence one another. This requires understanding fundamental types of change and recognizing when
they occur, in order to use suitable mathematical models to describe and predict change. Mathematically
this means modelling the change and relationships with appropriate functions, as well as creating,
interpreting, and translating symbolic and graphical representations of relationships. Aspects of the
traditional mathematical content of functions and algebra, including symbolic expressions, tables, and
graphical representations, are central in describing, modelling, and interpreting change.

e Space and Shape relates to visual phenomena that are encountered everywhere in our world: patterns,
properties of objects, positions and orientations, representations of objects, decoding and encoding of
visual information, navigation, and dynamic interaction with real shapes and representations. From
a curricular and a pedagogical perspective, it is worth noting that concepts of geometry serve as an
essential foundation for Space and Shape. Mathematical literacy in the area of Space and Shape
involves a range of activities, such as understanding perspective: for example, perspective is required
in painting, creating and reading maps, transforming shapes using technology, interpreting views of
three-dimensional scenes from various perspectives, and constructing representations of shapes.

e Quantity incorporates the quantification of phenomena, relationships, situations, and entities in the
world; understanding representations of those quantifications; and judging interpretations and arguments
based on quantity. To engage with the quantification of the world involves understanding measurements,
counts, indicators, relative size, and numerical trends and patterns. Mathematical literacy in the area
of Quantity relies heavily on knowledge and processes related to numbers, applied in a wide variety of
settings.

10 CMEC. (2011). PCAP 2010: Report on the pan-Canadian assessment of mathematics, science, and reading. Toronto: Author.
1" Mullis, I., Martin, M., Ruddock, G., O’Sullivan, C. and Preuschoff, C. (2009). TIMSS Assessment Frameworks. Chestnut Hill, MA: Boston
College.




e Uncertainty and Data involves recognizing the place of variation in processes, having a sense of the
quantification of that variation, acknowledging uncertainty and error in measurement, and knowing
about chance. In the traditional areas of probability and statistics, it provides means of describing,
modelling, and interpreting uncertainty phenomena, and of making inferences. It further includes a
knowledge of numbers and certain aspects of algebra, such as graphs and symbolic representation, with
a focus on data interpretation and presentation.

These four content categories are equally weighted on the PISA assessment. In addition, each item is set
in one of four contexts also equally balanced throughout the assessment: personal, occupational, societal,
and scientific.

As part of the PISA 2012 mathematics framework, a set of seven fundamental mathematical capabilities has
also been identified that underpins performance in mathematics: Communication; Representation; Devising
strategies; Mathematisation; Reasoning and argument; Using symbolic, formal and technical language and
operations; and Using mathematical tools.'” These cognitive capabilities are required to understand and
engage with the world in a mathematical way. They are embedded in all the content categories, and are
used to varying degrees in each of the three mathematical processes defined in the reporting.

The main features of the PISA 2012 mathematics framework are presented in the illustration below.

(¢ Challenge in real world context h
Mathematical content categories: Quantity; Uncertainty and data; Change and relationships; Space
and shape

Real world context categories: Personal; Societal; Occupational; Scientific

Problem Mathematical

in context problem
Evaluate w
Results Mathematical

) Interpret

in context results

(Source: PISA 2012 Assessment and Analytical Framework)

&

The PISA scores for mathematics are expressed on a scale with an average of 500 points and a standard
deviation of 100. This was the average score attained across OECD countries in 2003; in 2012 the OECD
average was 494."° This means that overall, across OECD countries, a slight deterioration of mathematical
proficiency can be observed over the past nine years. Approximately two-thirds of all students in OECD
countries scored between 394 and 594 (i.e., within one standard deviation of the average) on the PISA 2012
assessment.

12 PISA 2012 Assessment and analytical framework: Mathematics, reading, science, problem solving and financial literacy for further explanation.
13 Further details on the interpretation of change over time are provided in a separate section of this report.




International studies such as PISA summarize student performance by comparing the relative standing
of countries based on their average test scores. Care must be taken when comparing countries’ relative
positioning based on their average scores because there is a margin of uncertainty associated with each score.
When interpreting average performances, only those differences between countries that are statistically
significant should be taken into account.

A note on statistical comparisons

The results in PISA were computed from the scores of random samples of students from each country,
and not from the population of all students in each country. Consequently, it cannot be said with certainty
that a sample average has the same value as the population average that would have been obtained had
all 15-year-old students been assessed. Additionally, a degree of uncertainty is associated with the scores
describing student performance, as these scores are estimated based on student responses to test items.
A statistic called the standard error is used to express the degree of uncertainty associated with sampling
error and measurement error. The standard error can be used to construct a confidence interval, which
provides a means of making inferences about the population averages and proportions in a manner that
reflects the uncertainty associated with sample estimates. A 95% confidence interval is used in this report
and represents a range of plus or minus about two standard errors around the sample average. Using this
confidence interval it can be inferred that the population mean or proportion would lie within the confidence
interval in 95 out of 100 replications of the measurement, using different samples randomly drawn from the
same population.

When comparing scores among countries, provinces, or population subgroups the degree of uncertainty
in each average should be considered in order to determine if averages are truly different from each other.
Standard errors and confidence intervals may be used as the basis for performing these comparative
statistical tests. Such tests can identify, with a known probability, whether actual differences are likely to be
observed in the populations being compared.

For example, when an observed difference is significant at the .05 level, it implies that the probability is
less than .05 that the observed difference could have occurred because of sampling or measurement error.
When comparing countries and provinces, extensive use is made of this type of statistical test to reduce the
likelihood that differences due to sampling or measurement errors will be interpreted as real.

Only statistically significant differences at the .05 level are noted in this report, unless otherwise stated.
If the confidence intervals overlap, the differences are defined as not statistically significant. When the
confidence intervals overlapped marginally, an additional test of significance (t-test) was conducted in order
to determine whether the difference was statistically significant. In case of multiple t-tests, no corrections
were made to reduce the false positive, or Type-Il error rate.

Finally, when comparing results over time, the standard error includes a linking error to account for the fact
that different cohorts of students have been tested over time with a test that also varied slightly over time.

Canadian students continue to perform well in mathematics in a global context

Overall, Canadian 15-year-old students achieved a mean score of 518, which is 24 points above the OECD
average. As illustrated in Figure 1.1, Canada was outperformed by only Korea, Japan, and Switzerland
among OECD countries. Among all 65 participating countries, nine performed better than Canad