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Executive Summary

While there is broad consensus that literacy skills are essential for work and life in general, there is less
consensus about numeracy, even though both are defined as essential skills by a number of sources,
including provincial and national governments and international agencies. As a part of HEQCOQ's continuing
examination of learning outcomes in Ontario’s postsecondary sector, this report reviews the available data on
numeracy skills and revisits the postsecondary sector’'s understanding and treatment of numeracy as an
essential skill.

Current data present a mixed assessment of Canadians’ numeracy skills overall. The OECD’s Programme for
the International Assessment of Adult Competencies shows a slight deterioration in numeracy skills since
2003, with fewer university graduates achieving the upper levels of proficiency and more attaining standard
levels or below over the last decade. Similar international assessments of high school students, in grade 8
through the Trends in Mathematics and Science Study and in grade 9 through the OECD’s Programme for
International Student Assessment, suggest relative stability in numeracy skills over the last decade. But if
Ontario students’ scores have not changed significantly over time, an increasing number of other jurisdictions
are outperforming the province. Additionally, data from Ontario’s Education Quality and Accountability Office,
which tests grade 9 students on their attainment of math curriculum goals, highlight the considerable
discrepancy in skill level between students taking academic-stream math courses (over three-quarters reach
the provincial standard) and those taking applied-stream math courses (under half reach the provincial
standard).

Despite a general lack of data to evaluate student preparedness for college- and university-level math
classes, the College Math Project’s findings show that roughly one-third of students who take a math class in
their first year of college earn grades of D or less, putting them at risk of not completing their programs.
Incoming university students are not assessed, making it impossible to provide corresponding values, though
a number of informal studies by faculty members point to similar conclusions.

In summary, numeracy must be considered as an essential skill, especially in non-STEM fields. While literacy
is spread throughout the curriculum both in high school and in postsecondary institutions, numeracy is too
often segregated in particular courses, leaving students in non-STEM fields with very limited opportunities to
develop their numeracy skills. Like literacy, numeracy should be broadly incorporated into curricula.
Furthermore, colleges and universities collect very little information about the skills that students bring to
higher education, making it difficult to ensure that students have the skills required to succeed in a math-
intensive course of study and that the required supports are available to them. Finally, while OECD findings
demonstrate that individuals with completed postsecondary credentials, especially university-level credentials,
tend to have stronger numeracy skills, a variety of factors makes it impossible to attribute this gain to the
postsecondary education itself. This suggests a data gap that could be filled if institutions were to begin
collecting data on students’ skill levels at the time of graduation.

In light of the above conclusions, this report closes with the following recommendations:

1) Numeracy should be treated as an essential skill on par with literacy. It should be integrated
throughout postsecondary courses of study in Ontario’s colleges and universities, rather than isolated
in math classes, ensuring that all students are exposed to content that further develops and enhances
their numeracy skills, regardless of their major. Numeracy should be integrated in ways that are
relevant to the course material and that aim for a level of skill development that corresponds in non-
STEM fields to the OECD’s minimum proficiency level and in STEM fields to another, higher standard
appropriate to the area of study.

Higher Education Quality Council of Ontario
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2)

It is difficult to evaluate the direct effect of a postsecondary education on essential and discipline-
specific skills given the information currently being gathered on students’ skill levels at admission and
graduation. Postsecondary institutions should begin assessing the numeracy skills of incoming and
outgoing students to fill this data gap. Incoming information could also be used to ensure that the
appropriate supports are available to students as they begin their course of study, while outgoing
assessments will provide new data to assess the value added of a postsecondary education on
numeracy skills. Such assessment could be done in a variety of ways, from formal assessments such
as exams to informal assessments using in-class assignments or portfolios.

Higher Education Quality Council of Ontario
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Introduction?

Over the course of the last year, Canadians’ numeracy skills have (re)surfaced as a topic of discussion in
popular media. The release of results from the latest round of Ontario’s Education Quality and Accountability
Office (EQAO) data in August 2014, from the Organisation for Economic Co-operation and Development’s
(OECD) Programme for the International Assessment of Adult Competencies (PIAAC) in October 2013, and
from the OECD’s Programme for International Student Assessment (PISA) in December 2013 has provided
constant fodder for a spirited public debate on Canadians’ level of comfort with numbers and mathematics.
The tone of this debate has often been negative and the perception that of a budding crisis. TD Bank, for
example, has suggested that “Canada has an essential skills problem,” one that could hamstring the economy
in the coming years if drastic action is not taken to correct the situation (Alexander & Bendiner, 2013, p. 7). At
the same time, the essential skills debate seems to be perennial in nature, waxing and waning with the
release of relevant data. Even in 2007 the Canadian Council on Learning could point to “Canada’s learning
paradox,” the fact that this country has one of the highest postsecondary education (PSE) attainment rates in
the world, yet a substantial portion of its population still lacks the literacy and numeracy skills required to
thrive in a modern economy (CCL, 2007, p. 2).

When compared to literacy, the content of the discussion surrounding numeracy is markedly different. While
there is broad consensus that the ability to read and write effectively — “literacy” — is essential for everyone in
the modern world and that those with strong literacy skills benefit both on the labour market and in life in
general?, this agreement often seems to be lacking with respect to numeracy. As a result, the literature
surrounding the ability to manipulate and interpret numbers — “numeracy” — is much more insistent in its
definition of numeracy as an essential skill whose importance is on par with that of literacy. For example,
some have highlighted that the ever-increasing complexity of the demands of modern life in turn requires
increasingly sophisticated literacy and numeracy skills (Orpwood, Schmidt & Jun, 2012), that numeracy skills
are, in a sense, more important now than they ever have been. Similarly, an expert panel on student success
in mathematics struck by the Ontario Ministry of Education begins its report by emphasizing that
“[m]athematical literacy is as important as proficiency in reading and writing” (Government of Ontario, 2004,

p. 9).

This insistence opposes a cultural tradition that would minimize the importance of numeracy skills. Adults who
do not feel that they are good at math — an attitude that often dates back to their own experiences in school —
may normalize poor numeracy skills and pass low expectations on to their children, perpetuating a culture in
which strong numeracy skills are not valued. The expert panel on student success mentioned above reacts
against this trend in decrying that “[tJoo often, society has accepted the stereotype that mathematics is for the
few, not the many” (Government of Ontario, 2004, p. 9; cf. Parsons & Bynner, 1997; Brown, 2012; Brown &
Rushowy, 2013). Orpwood echoes these comments, contrasting attitudes toward numeracy with the
emphasis on literacy skills:

If you're illiterate, it's a matter of shame. But if you can’t do math, you brag about it — ‘Il can’t
do math and my kids can't either’ .... We need to change this perception. We don't believe
there is a ‘math gene.” Anyone can do math and everyone needs it. Math matters, that’'s what
the message needs to be. (Brown, 2012)

! The author wishes to thank the many reviewers, both internal and external, who provided feedback on earlier drafts of this report.
2 See, for example, the literature reviewed in Dion & Maldonado, 2013.
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When we attempt to identify the reflection of these cultural attitudes in hard data, we find a variety of
assessments that point to weak numeracy skills in certain segments of Canada’s population. We will survey
this literature in detail below. But when we focus on questions relevant to postsecondary transitions — on the
level of numerical proficiency that students bring with them from high school into PSE, for example, or on the
“value added” of a postsecondary education on recent graduates’ numeracy skills — we find a striking
shortage of information. The impressions of faculty members as reported in popular media hardly paint a
glowing portrait. Brenda Smith-Chant, a psychology professor at Trent University, discusses students’
difficulties with basic arithmetic — “we’re talking about adding three two-digit numbers” — in an article on
numeracy in University Affairs, while Gordon Robinson, a biology professor at the University of Manitoba,
describes being “aghast” at students’ math skills (Kershaw, 2010). Yet despite this common refrain from
faculty in STEM?® disciplines, solid data, especially institutional data, on students’ numeracy skills are difficult
to find.

The cause for the perceived weakness in numeracy skills has been identified in everything from the
massification of postsecondary education, to teacher candidates with humanities backgrounds, to a lack of
math-oriented professional development opportunities for practicing teachers (Alphonso & Morrow, 2013;
Brown & Rushowy, 2013). Different parties have in turn suggested various solutions to the “numeracy crisis,”
proposing longer math periods, compulsory high school math classes through grade 12, a mandatory exit
exam in math similar to the Ontario Secondary School Literacy Test, and more support for teachers (Brown &
Rushowy, 2013; Brown, 2012; Friesen, 2003; Government of Ontario, 2004). For its part, the provincial
government has addressed concerns over numeracy skills most notably with the creation of the Literacy and
Numeracy Secretariat in 2004, whose work was reviewed positively in a 2009 impact study (Audet et al.,
2009). More recently, the government announced new measures to shore up students’ numeracy skills in light
of recent data, including new opportunities for teachers to upgrade their math skills, measures to increase the
numbers of teachers with math qualifications, and the creation of new resources for parents to help their
children with math (Government of Ontario, 2014).

What are the implications of recent numeracy data for students entering PSE and for the institutions receiving
them? As a part of HEQCOQO's continuing examination of learning outcomes in Ontario’s postsecondary sector,
and the teaching and learning that takes place within our colleges and universities, this paper examines the
numeracy skills of the province’s population. A companion piece to an earlier HEQCO project studying literacy
skills (Dion & Maldonado, 2013), this report pursues a similar line of inquiry to review the available data on
numeracy skills and revisit the postsecondary sector’s understanding and treatment of numeracy as an
essential skill.

Defining Numeracy

Numeracy, like literacy, is defined in terms of the types and levels of skill required to thrive in the modern
world. This level of “real-world knowledge” must be carefully distinguished from trigonometry, calculus,
statistics and other kinds of advanced math less commonly used outside STEM postsecondary programs or
careers requiring such expertise (HRSDC & Statistics Canada, 2005). It is important to understand where the
bar is being set here. On the one hand, the EQAO assesses students based on their knowledge of concepts
and operations covered in the curriculum to determine whether curriculum goals are being met. At the early
stages of education considered here, these curriculum goals overlap considerably with the skills needed to
succeed in life. On the other hand, however, the OECD’s assessments of adult numeracy skills would be

% Science, technology, engineering and mathematics.
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unlikely to include a question grounded in differential calculus or advanced statistics as being reflective of the
demands of everyday life. This distinction between mathematical knowledge and numeracy is a slippery albeit
an important one if we are to understand the standard against which Canadians’ numeracy skills are being
measured.

With that said, definitions of “numeracy” vary somewhat, but all seek to give some specificity to the vague
“skills required to thrive in the modern world.” Numeracy involves the deployment of the basic math skills
learned in formal schooling in a flexible and goal-oriented way to respond to the needs of a situation. This can
involve anything from performing basic operations like addition and subtraction to estimation, measurement,
proportions, ratios and statistical literacy (HRSDC & Statistics Canada, 2005).* According to the Ontario
Ministry of Education’s expert panel on student success, a mathematically literate (or, in other words,
numerate) person should be able to estimate, to interpret data, to solve day-to-day problems, to reason in
numerical, graphical and geometric situations, and to communicate using mathematics (Government of
Ontario, 2004). Essential Skills Ontario echoes many of these abilities, dividing numeracy into five dimensions
that reflect everyday use: 1) money math, or the ability to make financial transactions such as paying bills; 2)
scheduling, budgeting and accounting, or planning for the best use of money and time; 3) measuring and
calculating quantities, areas, volumes and distances; 4) data analysis; and 5) numerical estimation (Essential
Skills Ontario, 2012).

To give these concepts form, one HRSDC® report describes some of the tasks included in international
assessments to measure numeracy skills. An easier task, for example, asked adults to look at a photograph
containing two cases of cola and state the number of bottles contained in total. Another, more difficult task
asked adults to look at the results of a three-person election, reported in percentages, and determine the total
number of votes cast for each candidate given the total number of voters. Finally, a task of high difficulty
asked participants to determine the amount that would result if a certain sum of money were invested at a
fixed rate of interest for a given period of time (HRSDC & Statistics Canada, 2005). None of these questions
requires the use of advanced mathematical skills, such as calculus or statistics, but draws instead on
foundational levels of mathematical knowledge that would be more likely to be required in everyday situations.

Numeracy and the Labour Market

The numeracy debate has implications for the labour market, both in terms of the basic numeracy skills
required of any job and the advanced math skills that can become drivers of economic innovation (Orpwood,
Schmidt & Jun, 2012; CCL, 2006). For while every sector has its part to play (cf. CCL, 2006, p. 34), STEM
fields, including engineering, the natural and physical sciences and other math-intensive disciplines, have
often been identified as having major roles to play in economic innovation, due in part to the amount of money
they spend on research, development and other knowledge-generating activities (Hango, 2013a; CCL, 2006).
As a testament to both the importance and the rarity of advanced mathematical skills, individuals in STEM
fields also tend to experience better labour market outcomes and higher personal earnings (Hango, 2013a).

As a result of this emphasis on STEM, math skills make a more prominent appearance in the labour market
discussion than do numeracy skills in general, which tend instead to be taken for granted. Findings from
Borwein’s (2014) study of 316 job advertisements for entry-level positions also highlight the role that the

4 Operating in a policy context, this report treats the definitions from HRSDC/ESDC and Essential Skills Ontario as particularly relevant. A
more detailed genealogy of the academic literature defining numeracy can be found in Orpwood et al. (2012), p. 65ff.
Human Resources and Skills Development Canada, recently renamed Employment and Social Development Canada (ESDC).
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vague distinction between general numeracy and advanced math skills may play in clouding the issue here.
On the one hand, only 19% of the job advertisements studied listed numeracy skills as essential to the
position, a total that made numeracy the third least requested skill in the sample and fell far behind other skills
such as oral communication and the ability to work with others. On the other hand, positions in STEM fields
made up 26% of the study sample, suggesting that the advertisements for many STEM positions may have
left their numeracy and math-related requirements unlisted.

Despite this blurry line between numeracy and math, the benefits on the labour market of strong numeracy
skills are clear. Those who are employed tend to have higher literacy and numeracy scores on international
assessments than those who are unemployed or not in the labour force (HRSDC & Statistics Canada, 2005),
while those with lower numeracy skill levels are twice as likely to experience unemployment for six months or
more in a given year than they are to be employed all year (CCL, 2006). One Canadian study even suggests
that the benefits of strong numeracy skills extend to all those who completed high school, whether or not they
went on to PSE (Finnie & Meng, 2006).

Choosing STEM

While no one would suggest that every student should pursue a STEM field in college or university, it is clear
that these disciplines hold a place of particular prominence in Canadian economic discourse. Some have
concluded that Canada faces a growing shortage of workers with PSE credentials in STEM areas, those
same fields in which Economic and Social Development Canada (ESDC, formerly HRSDC) expects to see
the highest number of job openings in coming years (Orpwood, Schmidt & Jun, 2012). Others have observed
students’ weak numeracy skills affecting their course and career choices, as students are driven away from
math-intensive fields of study in college and university due to their math requirements (Kershaw, 2010). One
survey of Canadians aged 16 to 18 revealed that only 37% of high school students were interested in taking
at least one science course in PSE, demonstrating a lack of interest and/or confidence in STEM disciplines
even in high school (Orpwood, Schmidt & Jun, 2012). Two other surveys also conducted in 2010 similarly
showed that students’ interest in science declines with age and that the majority of senior high school
students do not see studying science as relevant to their future careers, leading to education choices at a
young age that make it difficult to re-engage with STEM disciplines in PSE (Let’'s Talk Science, 2013).

Another important consideration here is the influence of gender on STEM engagement. While women
accounted for 66% of university graduates in non-STEM fields in 2011, they made up only 39% of graduates
in STEM fields. Although percentages were higher in science and technology fields (59%), only 23% of
engineering graduates and 30% of math and computer science graduates were female (Hango, 2013a).6
Analysis from Statistics Canada found that women were less likely to choose a STEM field regardless of their
mathematical abilities at age 15, with only 23% of women in the three highest PISA proficiency levels
choosing STEM in PSE compared to 39% of men in the three lowest PISA levels (Hango, 2013a; 2013b). As
the report puts it, this strongly implies that “something other than pure ability is affecting young women'’s
likelihood of entering STEM programs in university” (Hango, 2013b, p. 5).

The same study found STEM labour market outcomes to be conditioned by gender, as men in STEM fields
had lower unemployment than those in non-STEM (4.7% vs. 5.5%), while the opposite was true for women
(7.0% vs. 5.7%). The same trend held for salaries, where the difference between salaries in STEM and non-
STEM fields was much greater for men than for women, due in large part to the low concentration of women
in engineering occupations, where salaries tend to be particularly higher (Hango, 2013a).

® Based on data from the 2011 National Household Survey.
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Measuring Numeracy Skills in Canada and Abroad

To obtain data on the ways in which Canadians’ humeracy skills have evolved over the last two decades and
on how these skills compare internationally, we can turn to a number of assessments run by the OECD in
collaboration with Statistics Canada. Those same international assessments surveyed in HEQCOQO's literacy
report (Dion & Maldonado, 2013) generally also include a measure of numeracy, often treated as a dimension
of literacy itself and defined as numerical or quantitative literacy, the ability to interpret and use numerical
data. This section of the current report will review data from these international assessments as they relate to
numeracy, with a particular focus on Ontario’s results, though Canadian data will also be presented to provide
context. While much of the data will assess the skills of the general population, particular attention will be paid
to the effects of PSE on numerical proficiency itself.

International Adult Literacy and Skills Survey (IALSS), 2003

The IALSS evaluated the literacy and numeracy skills of 23,000 Canadians aged 16 to 65 in the 10 provinces
and three territories in 2003. It was designed to track the evolution of Canadians’ skills since the last
assessment in 1994." Numeracy was defined broadly as “the knowledge and skills required to effectively
manage the mathematical demands of diverse situations” (HRSDC & Statistics Canada, 2005). Tasks
blended both numeracy and literacy and involved working through text-based problems and completing
mathematical operations based on numbers provided in those texts. Questions were divided into five levels of
difficulty, described below (Table 1).

Table 1: Descriptions of Levels of Difficulty, IALSS 2003

Level 1 | Tasks in this level require the respondent to show an understanding of basic numerical
ideas by completing simple tasks in concrete, familiar contexts where the mathematical
content is explicit with little text. Tasks consist of simple, one-step operations such as
counting, sorting dates, performing simple arithmetic operations or understanding common
and simple percents such as 50%.

Level 2 | Tasks in this level are fairly simple and relate to identifying and understanding basic
mathematical concepts embedded in a range of familiar contexts where the mathematical
content is quite explicit and visual with few distracters. Tasks tend to include one-step or
two-step processes and estimations involving whole numbers, benchmark percents and
fractions, interpreting simple graphical or spatial representations, and performing simple
measurements.

Level 3 | Tasks in this level require the respondent to demonstrate understanding of mathematical
information represented in a range of different forms, such as in numbers, symbols, maps,
graphs, texts, and drawings. Skills required involve number and spatial sense, knowledge
of mathematical patterns and relationships and the ability to interpret proportions, data and
statistics embedded in relatively simple texts where there may be distracters. Tasks
commonly involve undertaking a number of processes to solve problems.

" While the IALSS found no real change in literacy scores since the IALS in 1994, numeracy scores were not compared since the
definition and conception of numeracy assessed had changed in the interim (HRSDC & Statistics Canada, 2005, p. 33).
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Level 4 | Tasks at this level require respondents to understand a broad range of mathematical
information of a more abstract nature represented in diverse ways, including in texts of
increasing complexity or in unfamiliar contexts. These tasks involve undertaking multiple steps
to find solutions to problems and require more complex reasoning and interpretation skills,
including comprehending and working with proportions and formulas or offering explanations
for answers.

Level 5 | Tasks in this level require respondents to understand complex representations and abstract
and formal mathematical and statistical ideas, possibly embedded in complex texts.
Respondents may have to integrate multiple types of mathematical information, draw
inferences, or generate mathematical justification for answers.

Source: HRSDC & Statistics Canada, 2005, p. 16

Canadians scored 263 out of a possible 500 on the IALSS, with Ontarians at 261. Of the Ontario population,
55% scored below level 3, the minimum level of proficiency required to meets the demands of life in today’s
society (Table 2)(HRSDC & Statistics Canada, 2005). As can be observed below, the distribution of scores
across proficiency levels aligns closely for Ontario and Canada.

Table 2: Numeracy Scores by Proficiency Level, Canada and Ontario, IALSS 2003

Canada Ontario
Level 1 25.5% 27.0%
Level 2 29.6% 28.8%
Level 3 30.1% 29.3%
Levels 4/5 14.7% 14.8%

Source: HRSDC & Statistics Canada, 2005, p. 113

IALSS results also showed gender to be an important factor influencing numeracy scores, with males
outperforming females by a statistically significant margin of 8 points on average. Higher levels of education
were also associated with higher numeracy scores. 73.3% of individuals with a completed university
credential scored at level 3 or above, compared to 56.2% of those with a non-university PSE credential,
43.3% of those with a trade or vocational credential, and 43.6% of those with a high school diploma (Table
3)(HRSDC & Statistics Canada, 2005).
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Table 3: Numeracy Proficiency by Educational Attainment, Canada, IALSS 2003

Level 1 Level 2 Level 3 Level 4/5
High school not completed 53.8% 28.6% 14.1% 3.6%
High school 21.9% 34.4% 32.7% 10.9%
Trade-vocational 19.2% 37.5% 32.9% 10.4%
Non-university PSE 14.1% 29.7% 38.5% 17.7%
University 6.3% 20.4% 39.7% 33.6%

Source: HRSDC & Statistics Canada, 2005, p. 127

The largest gains in numeracy skills were associated, first, with the completion of high school and, second,
with that of a university degree, with fewer individuals scoring at levels 1 and 2 and more at levels 4 and 5 in
each case. 33.6% of those with a university credential scored at the top level of numeracy, compared to
17.7% of those with a non-university PSE credential and 11% of those with a high school diploma. Finally,
IALSS results also emphasized the labour market benefits of solid numeracy skills. Higher levels of numeracy
were associated with lower unemployment and higher earnings (OECD & Statistics Canada, 2011).

Programme for the International Assessment of Adult Competencies (PIAAC), 2012

The OECD conducted PIAAC in 2012 to follow up on results from IALSS, which were then almost 10 years
old. Participants included 27,285 Canadians aged 16 to 65 from all provinces and territories (Statistics
Canada, ESDC & CMEC, 2013). In this case, Canada ranked below the OECD average on numeracy (265
vs. 269), with Ontarians scoring at the Canadian average (266). The proportion of Canadians scoring at level
1 and below on the numeracy scale was also greater than the OECD average (23% vs. 19%), with only 13%
of Canadians scoring at the top level of the numeracy scale (Table 4).

Table 4: Numeracy Scores by Proficiency Level, Canada, Ontario and OECD, PIAAC 2012

Canada Ontario OECD
average
Below level 1 6% 6% 5%
Level 1 17% 16% 14%
Level 2 32% 31% 33%
Level 3 33% 33% 35%
Level 4/5 13% 14% 13%

Source: Statistics Canada, ESDC & CMEC, 2013, p. 21
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Table 5: Numeracy Scores by Proficiency Level, Canada, IALSS 2003 vs. PIAAC 2012

IALSS 2003 PIAAC 2012

Average 272 266
Below level 1 5% 6%

Level 1 13% 17%
Level 2 31% 32%
Level 3 37% 33%
Level 4/5 14% 13%

Source: Statistics Canada, ESDC & CMEC, 2013, p. 55
Numeracy scores were found to be highest in Canada for those aged 25 to 34 (277) and lowest for those
aged 55 to 65 (251). Men again scored higher than women in all age groups and the difference between the
two sexes increased with age.

Table 6: Numeracy Proficiency by Educational Attainment, Canada, PIAAC 2012

Average Level1and Level 2 Level 3 Level 4/5
below

Less than high school  222.2 50.7% 31.4% 15.4% 2.5%
High school 256.6 26.0% 37.0% 29.5% 7.5%
PSE — below 268.5 18.6% 35.5% 35.5% 10.5%
bachelor’s
PSE — bachelor’s or 295.1 8.3% 23.4% 41.8% 26.5%
higher

Source: Statistics Canada, ESDC & CMEC, 2013, p. 87

Higher educational attainment, especially the completion of a bachelor’s degree or higher, was associated
with higher numeracy skills (Statistics Canada, ESDC & CMEC, 2013). These results improve when one
examines only bachelor’s graduates from Canadian universities, filtering out those with foreign university-level
credentials.? In this case, Canada moves above the OECD average in numeracy (Charbonneau, 2014;
Munro, 2014; CMEC, 2013). Analysis by the Conference Board of Canada also suggests that the proportion
of Canadians with a bachelor’s, master’s or doctoral degree scoring at the highest numeracy levels was
significantly higher than the proportion of Canadians with a college-level credential such as a diploma or a
certificate scoring at those levels, pointing to the relative strength of university graduates’ numeracy skills
compared to those of college graduates (Munro, 2014).

8 39% of bachelor’s graduates who responded to PIAAC in Canada were immigrants and over half of them had been educated abroad
(Munro, 2014).
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Canada’s PIAAC results make it difficult to ignore the deterioration — albeit slight, in some cases — in
numeracy skills since 2003. Most relevant for our purposes is the drop in numeracy skills by educational
attainment. While 33.6% of IALSS 2003 participants who had completed a university degree scored at levels
4 and 5, this value dropped to 26.5% in PIAAC 2012, which in turn saw a rise in bachelor's graduates scoring
at levels 2 and 3. Overall, slightly more bachelor's graduates scored at level 3 in 2012 (41.8% vs. 39.7%),
although this increase came at the expense of the top performers in levels 4 and 5 rather than the weaker
performers in levels 1 and 2. While 73.3% of individuals with a university credential scored at level 3 or above
in 2003, this value dropped to 68.3% in 2012. Given that the definitions of the college-type categories
changed from 2003 to 2012, it is difficult to draw corresponding conclusions about performance in the college
sector.

Numeracy in Ontario’s High Schools

We now turn to numeracy data that come from Ontario’s school system, with a particular focus on the skills
that students bring with them into PSE. To preserve this focus, we exclude certain provincial assessments,
such as the EQAO math assessments in grades 3 and 6, which deal with a younger student population, while
including others, such as the Trends in International Mathematics and Science Study (TIMSS) in grade 8,
PISA (age 15) and the EQAO Grade 9 Assessment of Mathematics, which evaluate students at an age where
their skills are more likely to reflect their proficiency heading into PSE.

To obtain their Ontario Secondary School Diploma (OSSD), students must complete three compulsory math
credits, at least one of which must be at the grade 11 or 12 level (Government of Ontario, 2004). As a result,
many students do not take math every year during high school. Math courses can be drawn from any of the
available academic- or applied-stream options, as well as a host of locally developed courses.” All Ontario
students entering PSE today have studied under the new mathematics curriculum, which places less of an
emphasis on procedure and rote memorization and focuses instead on real-life, word-based problems and
applied mathematical concepts (Ontario Ministry of Education, 2005; 2007).

Trends in International Mathematics and Science Study (TIMSS)

Organized by the International Association for the Evaluation of Educational Achievement, the TIMSS is
administered to grade 4 and grade 8 students in Ontario to evaluate their skills in math and science. The
TIMSS has been conducted every four years since 1995, with the next iteration planned for 2015. For the
purposes of this report, we focus on the grade 8 version of the assessment. Furthermore, we exclude data
from 1995 and 1999, since a change in the conception of numeracy meant that these results could not be
compared to those gathered in subsequent years.

Ontario and Quebec were the only two Canadian jurisdictions to participate in the TIMSS in 2003. The content
of the exam was set internationally and the overlap between this content and the Ontario curriculum was
carefully evaluated. In this case, 90% of questions were found to be appropriate for students given the

® “Academic courses develop students’ knowledge and skills through the study of theory and abstract problems. These courses focus on
the essential concepts of a subject and explore related concepts as well. They incorporate practical applications as appropriate.” “Applied
courses focus on the essential concepts of a subject, and develop students’ knowledge and skills through practical applications and
concrete examples. Familiar situations are used to illustrate ideas, and students are given more opportunities to experience hands-on
application of the concepts and theories they study” (Ontario Ministry of Education, 2005, p. 6).
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Ontario curriculum.® Questions were sorted into five content domains (number, algebra, measurement,
geometry and data) and four cognitive domains (knowing facts and procedures, using concepts, solving
routine problems and reasoning) (EQAO, 2004).

In 2003, grade 8 students in Ontario scored 521, well above the participant average of 467 but also well
below the top country, Singapore, at 605. Eight jurisdictions, including Quebec, scored higher than Ontario.
No significant difference was found between the scores of boys and girls.

British Columbia joined Ontario and Quebec for the grade 8 administration of the TIMSS in 2007. This time,
Ontario grade 8 students scored 517, only slightly (and not significantly) below their performance four years
earlier. Taipei performed best at 598 and six jurisdictions scored significantly better than Ontario (EQAO,
2009). Boys were found to perform significantly better than girls in grade 8, with a greater percentage of boys
than girls also reporting high levels of self-confidence in math (66% vs. 50%).

The fifth and latest round of TIMSS data was collected in 2011. Ten jurisdictions scored better than Ontario
(512), with Korea scoring highest at 613. Contrary to 2007 but in line with 2003, no significant gender
difference in score was found (EQAO, 2012b).

Overall, TIMSS scores show a slight drop in numeracy skills among grade 8 students, from 521 in 2003 to
512 in 2011. In either case, they remain well behind the international leaders. The EQAQ’s analysis of student
scores by benchmark level provides one final conclusion — while grade 8 students may be good, ranking on
average in the upper-middle of the international pack, very few are great, scoring at the upper benchmark
levels (EQAO, 2012b).

Education Quality and Accountability Office (EQAQO) Grade 9 Assessment of
Mathematics

The Grade 9 Assessment of Mathematics is written by every grade 9 student in Ontario who is working
toward a credit in academic or applied math. The exam evaluates how well students are meeting the
expectations set forth in the curriculum. The EQAO designates level 3 as the provincial standard, explaining
that “students performing at or above the provincial standard were able to apply their knowledge and skills in
mathematics with considerable effectiveness and were progressing toward the acquisition of the 21*-century
skills related to numeracy” (EQAO, 2012a, p. 123).

Since 2008, over 77% of students taking academic math courses and over 38% of students taking applied
math courses have met or exceeded the provincial standard (EQAO, 2012a). The difference between these
two values is stark and points to weak numeracy skills among applied-stream students. While both academic
and applied-stream students have shown improvement since 2008, the percentage of applied-stream
students who meet or exceed the provincial standard still only peaks at 47%.

19 \while overlap was assessed, student scores were still calculated based on the total number of questions in the exam, including those
that may not have been appropriate given the Ontario curriculum.
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Figure 1: Percentage of Students at or above the Provincial Standard, EQAO Grade 9 Assessment of
Mathematics, Academic vs. Applied, EQAO, 2008-2014
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In terms of gender, EQAOQ results show that male and female results have both been improving but that a
higher percentage of males than females perform at or above the provincial standard (EQAO, 2013a). This
gap is greater in the applied stream than in the academic stream.

Programme for International Student Assessment (PISA)

Contrary to the TIMSS and EQAO assessments, PISA provides an internationally set rather than a
curriculum-based evaluation of students’ math skills. Administered by the OECD, PISA is conducted every
three years and measures 15-year-old students’ skills in literacy, numeracy and science. Each iteration of the
assessment contains a major domain — an area of focus in which extra questions are added to allow for in-
depth analysis of the data. Numeracy was the major domain in 2003 and 2012. PISA defines mathematical
literacy or numeracy as “[t]he capacity to identify, to understand, and to engage in mathematics and make
well-founded judgements about the role that mathematics plays, as needed for individuals’ current and future
private life, occupational life, social life with peers and relatives and as a constructive, concerned and
reflective citizen” (Bussiére et al., 2001).

The first administration of PISA took place in 2000. Canadian students scored 533, ranking sixth out of 31
participating countries, lower than their ranking in literacy (second) and science (fifth). Students in Ontario
performed at the Canadian average with a score of 524. Boys tended to perform better than girls on the
numeracy measure, with average scores of 539 for boys and 529 for girls (Bussiére et al., 2001).

The establishment of numeracy as the major domain in 2003 provided added opportunities for data analysis.
Here, performance was broken down according to four mathematical domains: space and shape, which
involved tasks grounded in geometry; change and relationships, which dealt with algebra; quantity, which
dealt with patterns and other relationships; and uncertainty, which involved probability and basic statistics
(Bussiére et al., 2004).
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Only two countries scored significantly better than Canada on the overall numeracy score, though Canadian
students were particularly weak in the space and shape domain. Ontario performed at the Canadian average,
with only Alberta scoring significantly above it. Ontario was also at the Canadian average for each of the four
task domains and the distribution of Ontario students by proficiency level closely paralleled that for Canada as
a whole (Table 7). 28.4% of students scored below level 3 in Ontario, with 18% scoring at level 5 and above
(Bussiere et al., 2004).

Table 7: Numeracy Scores by Proficiency Level, Canada and Ontario, PISA 2003

Canada Ontario
Below level 1 2.4% 2.0%
Level 1 7.7% 7.7%
Level 2 18.3% 19.1%
Level 3 26.2% 27.7%
Level 4 25.1% 25.1%
Level 5 14.8% 13.8%
Level 6 5.5% 4.6%

Source: Bussiére et al., 2004, p. 75

Boys performed better than girls by an average of 11 points, a margin that is statistically significant but still
relatively small. This was true in both Ontario and Canada. While gender differences were significant across
all four task domains, they were most pronounced in the space and shape (geometry) domain and less so in
the quantity (patterns) domain. The difference in attitudes towards math was also stark:

After controlling for mathematical performance, girls reported lower levels of confidence in
their ability to solve specific mathematical problems, lower levels of their perceived ability to
learn mathematics, and higher levels of anxiety in dealing with mathematics. Girls were also
less likely to believe that mathematics will be useful to their future employment and education,
and were more likely to report lower levels of interest and enjoyment in mathematics.
(Bussiere et al., 2004, p. 49)

Due to certain changes made to the exam, the overall PISA numeracy scores from 2000 and 2003 cannot be
compared reliably (Bussiére et al., 2004).

PISA numeracy scores in 2006 were generally in line with those from three years earlier for both Ontario and
Canada. Canada scored above the OECD average (498) at 527, with Ontario scoring 526. Two countries
scored significantly better than Canada. Boys again scored significantly better than girls, this time by a slightly
greater margin (Bussiére et al., 2007).

PISA 2009 numeracy scores provided more of the same. Canada scored 527, above the OECD average of
497. Ontario performed at the Canadian average, with four countries scoring significantly better. Canadian
males continued to outperform females.

As Knighton et al. (2010) note, these results are at once both comforting and worrisome. On the one hand,
Canadian students’ scores have not changed significantly over time, moving from 523 in 2003 to 527 in both
2006 and 2009. This points to stability in students’ skill levels. On the other hand, however, the humber of
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countries that perform significantly better than Canada increased from 2006 to 2009 despite this stability,
which may suggest that “stability” is better interpreted as stagnation in the face of international improvement.

Math was again the major domain in PISA 2012, allowing for comparisons with the more detailed data
collected in 2003. The four task domains, now renamed “content knowledge areas,” remained essentially the
same (change and relationships; space and shape; quantity; uncertainty and data) and were joined by three
process areas, which designated modes of mathematical thought and ability: formulating situations
mathematically; employing mathematical concepts, facts, procedures, and reasoning; and interpreting,
applying, and evaluating mathematical outcomes (Brochu et al., 2013).

Scores dropped slightly in 2012 when compared to 2009, with Canada scoring 518 and Ontario 514
compared to an OECD average of 494. This time, seven countries performed better than Canada. When
examining the four different content knowledge areas, Canadians performed lowest in space and shape
(510), followed by quantity (515), uncertainty (516) and change and relationships (525). Space and shape
was also found to generate the lowest scores on average among participating countries. Boys again scored
significantly better than girls in both Canada and Ontario.

The distribution of Ontario students by proficiency level in 2012 closely paralleled that for Canada as a whole
but showed a marked deterioration compared to 2003. 14% of students in both Ontario and Canada scored at
level 1 or below in 2012, compared to only 10% in 2003. The percentage of Ontario students scoring below
level 3 also rose from 28.8 to 36.4%. The percentage of students performing at the upper end of the scale
dropped, with 15% of Ontario students scoring at level 5 or above in 2012 (compared to 18% in 2003) and
16% of Canadian students doing the same (compared to 20% in 2003) (Bussiére et al., 2004).

Table 8: Numeracy Scores by Proficiency Level, Canada and Ontario, PISA 2012 vs. PISA 2003

Canada Ontario

2012 2003 2012 2003
Below level 1 3.6% 2.4% 3.8% 2.0%
Level 1 10.2% 7.7% 10.0% 7.7%
Level 2 21.0% 18.3% 22.6% 19.1%
Level 3 26.4% 26.2% 27.3% 27.7%
Level 4 22.4% 25.1% 21.3% 25.1%
Level 5 12.1% 14.8% 11.0% 13.8%
Level 6 4.3% 5.5% 4.0% 4.6%

Source: Brochu et al., 2013, p. 62; Bussiéere et al., 2004, p. 75

Examining further the trends in student performance from 2003 to 2012, Brochu et al. describe the results as
mixed. On the one hand, they claim that “PISA demonstrates that Canadian youths are well equipped with the
foundational skills that are essential for participation in modern society” (2013, p. 47): “Canada remains in a
small group of top-performing countries, and achieves its standing with mostly equitable outcomes” (2013, p.
48). On the other hand, however, they also acknowledge that, while remaining strong, math scores have
slipped over time, from both a relative and an absolute perspective. As a result, Canadian ministers of
education have agreed that numeracy needs to be a priority going forward: “This trend is perhaps a strong
signal for ministries and departments of education, as well as for education partners, to work together in
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validating current education policies... as well as allocating resources to ensure that they continue meeting
the needs of our society” (2013, p. 48).

Numeracy Skills and Postsecondary Education

Grade 8 students’ performance on the TIMSS points to consistently good — though not great — math skills.
While scores declined slightly between 2003 and 2011, the most striking finding here is the relatively low
number of students ranking at the upper proficiency levels, with scores clustering instead around the middle
ranges. Results from the EQAO Grade 9 Assessment of Mathematics highlight the discrepancy in skill level
that exists between students taking academic-stream and applied-stream math courses. Based on this, there
is good reason to believe that universities are receiving a greater share of students with strong math skills
than are colleges. Finally, PISA results are best described as mixed. While Ontario students’ scores have not
changed significantly over time, the number of jurisdictions whose students perform significantly better than
Ontario has increased. In addition, the percentage of students scoring at proficiency level 5 dropped from
18% in 2003 to 15% in 2012, while the percentage of students scoring below level 3 rose from 28.8 to 36.4%.
With these data in mind, what can we determine about the numeracy skills that students bring with them into
PSE?

First, it is important to note that the numeracy standard PSE institutions use for admission is far from clear.
While an assessment like PISA measures numeracy as defined by the OECD, the TIMSS and EQAO
emphasize student knowledge of the high school math curriculum, which may overlap with but is also distinct
from the OECD'’s definition. High school grades, the measure of math skill most commonly employed by
postsecondary institutions, also come closer to measuring knowledge of high school math than numeracy. We
must recognize the existence of two different standards of reference here. The mathematical knowledge
required to succeed in a typical first-year undergraduate math course like introductory statistics or advanced
calculus goes well beyond the everyday mathematical literacy requirements assessed by the OECD.

We should therefore give some thought to the level and type of numeracy skills to be expected of students
entering PSE. Disciplines that require entering students to have a minimum grade in a senior high school-
level math class, for example, are setting a clear standard, one upon which they hope to build in order to
develop more advanced math skills. But this level of math knowledge, typically required of STEM majors, also
goes beyond the general level of proficiency that would be expected of all graduates. The discussion
concerning numeracy skills cannot simply be a STEM discussion, relevant only to those students who choose
to take math courses. If numeracy is to be labelled an essential skill — an ability that is required of everyone,
regardless of their studies and employment — we must take this designation seriously and ask how
postsecondary institutions are building the numeracy skills of those students who have no interest in STEM
and may choose to study history, religion or art. This becomes a discussion about whether the teaching of
basic cognitive skills in general or numeracy in particular is a desired learning outcome for all postsecondary
students, regardless of their field of study.

This issue is more difficult to resolve for the university sector than for the college sector. College programs
are mandated by the Ministry of Training, Colleges and Universities (MTCU) to include the development of
both “the vocational outcomes relevant to the particular industry, field of study, or profession” as well as “the
applicable outcomes for essential employability skills and general education” (Ontario MTCU, 2005). A strong
argument could be made that these essential employability skills should include numeracy skills. Indeed,
MTCU’s own definition of essential employability skills includes numeracy, defined as the ability “to execute
mathematical operations accurately” (2009a).
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Government guidelines in the university sector, however, are more general. The Ontario Qualifications
Framework (OQF) contains discipline-specific criteria at the bachelor’s level, such as the ability to analyze
and interpret information typical of a field of study (Ontario MTCU, 2009b). The relativism of the statement
means that many students in non-quantitative areas could meet the guideline without developing numeracy
skills, potentially graduating without having ever seen a number. It is interesting to contrast this situation with
that of literacy (cf. Dion & Maldonado, 2013). The OQF dedicates a whole category to communication skills,
making it easier to argue that some level of literacy skills would be developed in any postsecondary course of
study. Numeracy, however, is embedded within other categories, such as those that deal with the
development of discipline-specific research or data analysis skills, making it possible for students to meet
these criteria in non-quantitative ways.

With this in mind, the remaining sections of this report will ask what we know about the numeracy and math
skills that students bring with them into Ontario’s colleges and universities. We begin with the college sector.

Numeracy in Ontario’s Colleges

Many colleges in Ontario assess the math skills of incoming students admitted to certain courses of study.
These data are often used within the institution to stream students into particular courses based on their level
of proficiency. Serving primarily an institutional purpose, these data are not generally published or released
publicly. The College Mathematics Project’'s (CMP) access to and analysis of data concerning students’
performance in first-year college math courses therefore makes its work of particular interest. An initiative of
the York-Seneca Institute for Mathematics, Science and Technology Education, the CMP began reporting
annually in 2007. Its goals are to analyze the math achievement of first-year college students, especially in
relation to their high school background.

In 2007, the CMP examined the records of all students who entered a college diploma (and some certificate)
program™ in the fall of 2006 at one of six participating Ontario colleges and who took a first-semester college
math course (Schollen et al., 2008). The six participating colleges offered a total of 470 programs, 247 (53%)
of which listed a first-semester math course. While only 6% of students in the applied arts took a first-
semester math course, 73% of those in business programs, 87% of those in general education programs and
78% of those in technology programs did so, reflecting a need for strong math skills for graduates in these
disciplines (Schollen et al., 2008).

The CMP analyzes student achievement by categorizing math performance as either ‘good’ (grades of A, B,
C, or ‘Pass’) or ‘at risk’ (grades of D or ‘Fail’). Data from 2007 showed that more students in applied arts
programs (77%) had good grades, while fewer did in general education programs (59%) (Figure 2). Overall,
two-thirds of students had good math grades in their first semester math courses, which means that the
remaining third of students were at risk. It is interesting to note that these values are generally in line with
those reported earlier for literacy based on data collected from a large college (Dion & Maldonado, 2013).12 It

1 “The CMP Data Collection Protocol called for the records of all students in postsecondary programs including Ontario College Diploma,
Ontario College Advanced Diploma and Ontario College Certificate programs. The study did not include students enrolled in applied
degree, Ontario graduate certificate or apprenticeship programs (as these programs have different admission and curriculum standards)”
(Schollen et al., 2009, p. 15).

12 See also Schollen et al., 2009, p. 23: “From this analysis, we can see that 10.7% of all students received an A grade in both
Mathematics and English and 12.3% failed both, and that a relationship appears to exist between achievement in the two subject areas.”
“Overall, the CMP found that, when withdrawals are also included, 53.2% of all students received “good grades” in both Mathematics and
English while 20.7% were “at risk” in both. There is evidently a significant group of students whose mathematics achievement was high
and English achievement low — some immigrant communities might be represented here for example.”
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is also worth noting that results varied considerably between participating colleges, with the percentage of
students at risk in math ranging from 21 to 39% (Schollen et al., 2008). The CMP’s main finding from this
analysis, not surprisingly, is that the “achievement of students in college mathematics courses is
unacceptably low” (Schollen et al., 2008, p. 59).

Figure 2: Math Achievement Overall and by Program Type at six Colleges, CMP 2007
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The CMP digs deeper into the data to make a number of other noteworthy observations. Over 30% of
incoming students take preparatory or foundational mathematics courses, which are designed to strengthen
the skills of students who do not perform at the college level upon admission. Recent graduates from Ontario
high schools™ (ROGs) filled a disproportionate number of the seats in these classes. ROGs also achieved a
lower proportion of A grades than did non-ROG students.

CMP results also document the great variety of high school math backgrounds that students bring with them
to college and the impact that the choice of high-school-level math courses can have on college-level
performance. Beginning in grade 9, Ontario high school students are required to choose courses from either
the applied or academic stream. The Ontario secondary school math curriculum includes 16 different math
courses — three in each of grades 9 and 10, four in grade 11 and six in grade 12 — an “unusually large
number” according to the CMP (Schollen et al., 2009, p. 44). Students are required to take three credits in
math to earn their OSSD, and many postsecondary programs require four credits or more. This allows for a
great variety in mathematical preparation from grade 9 to graduation (Schollen et al., 2009).

Given this, the CMP is particularly interested in the correlation between math pathways through high school
and college math achievement. For example, data from 2007 suggest that 71.7% of students with grade 9 or

'3 Defined as students under the age of 23 who had completed high school in Ontario.

Higher Education Quality Council of Ontario




Emphasizing Numeracy as an Essential Skill

grade 10 academic math got good grades in college, while less than 48.7% of those with grade 9 or grade 10
applied math did so. Close to 50% of the students who took no math in grade 12 still managed to achieve
good grades in college math. Overall, 2007 data suggest that while many students take lower-level courses in
high school and do less well in college, a smaller number of students take more challenging high school math
courses and reap the benefits in college, achieving greater math success (Schollen et al., 2008).

The CMP’s findings are perhaps most remarkable in their consistency over time. While the project began with
participation from a relatively small number of colleges, results changed little as the sample grew to include
11 institutions in 2008 and all 24 colleges in each year thereafter. With each iteration of data collection, the
CMP team developed new areas of investigation and new research foci, opening up different perspectives on
college student math achievement with each annual report.

In 2008, data were gathered from incoming students who had taken a math course in their first semester in
the fall of 2007 at 11 participating colleges. Mirroring results from 2007, 65% of students were found to be
getting good grades in college math, while 35% were at risk. Non-ROGs once again performed better, with
71% getting good grades compared to 62% for ROGs. While male enrolment in programs containing math
was much higher than female enrolment, women generally performed better than men in both the ROG and
non-ROG groups.

CMP data from 2008 also corroborate some of the 2007 findings concerning pathways through high school
math, as students with academic math in grades 9 and 10 did considerably better than students with applied
math. Discussion of the pathways results at the CMP’s annual forum generated complaints that “students
often choose courses in which they believe they will score high marks in order to achieve a high overall GPA,”
rather than courses that may challenge them and better prepare them for their postsecondary course of study
(Schollen et al., 2009, p. 30). Also mentioned was the fact that high school teachers and college instructors
rarely if ever talk to each other, keeping students’ level of math preparation a mystery to the latter and the
specific requirements of the college curriculum unknown to the former.

2009 marked the first year in which all of Ontario’s colleges participated in the CMP. Despite this, findings
remained in line with the previous year. Some 67% of students received good grades in first-semester math in
college, while 33% were at risk. An analysis of the evolution in student performance among the six colleges
that had participated in the CMP since the first round in 2007 also showed only a very small change in
grades. While males outnumbered females in math-intensive programs, females earned better grades, and
this was found to be true for all age groups. Non-ROGs again had better grades on average than ROGs. A
new category was created to capture the performance of “very recent Ontario graduates” (VROGS), students
who had taken a grade 12 math course in fall 2007 or later and therefore would have experienced the revised
mathematics curriculum for grades 9 to 12. These were treated as a subset of the ROG population and made
up quite a large portion of that group, having chosen math-intensive college programs at a higher rate than
their predecessors (Orpwood et al., 2010).

Another analysis of the existence of preparatory or foundations courses in college math found them to be
concentrated largely in the Greater Toronto Area (GTA), with other colleges opting for alternative strategies to
support students, such as remedial modules, peer tutoring and additional tutorial classes (Orpwood et al.,
2010). Also noted was the increasing existence of foundations programs, year-long certificate programs for
students who lack the required preparation for their desired course of study or who wish to determine their
suitability for a particular field.

By 2010, over 94,000 students in 2,559 programs at all 24 colleges were participating in the CMP (Orpwood
et al., 2011). 68.6% of students were found to be receiving good grades in first-year college math courses,
representing an increase from 67% in 2009 and 64.6% in 2008. Males, largely due to their higher enrolment in

Higher Education Quality Council of Ontario




Emphasizing Numeracy as an Essential Skill

technology programs, made up the majority of students in first-year math programs, though females
continued to outperform them. Non-ROGs, this time including Second Career students, also outperformed
ROGs.

The latest round of CMP data was published in 2012 and collected in 2011 from students who began college
in 2010 (Orpwood et al., 2012). 67.6% of students got good grades (Figure 3), a slight decline over the
previous year that drew the CMP’s attention:

Considering the efforts that have been made over the past three years by both secondary
schools and colleges to enhance student success, this apparent lack of improvement is
somewhat disappointing. It suggests that either we have not yet identified those factors that
most influence mathematics achievement in college programs or that these contributing factors
are very resistant to change. At the very least, it suggests that the ultimate goals of the CMP —
to improve college mathematics achievement significantly — have yet to be reached. (Orpwood
etal., 2012, p. 21)

Figure 3: Math Achievement Overall and by Program Type, 24 Ontario Colleges, CMP 2008-2010
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Past years’ findings about gender and age again held true, with women outperforming men and older
students, especially those in their 30s and 40s, outperforming younger students.

In addition to documenting the generally low level of skill that students bring with them into college-level math
courses, with roughly one-third of students performing poorly, the CMP’s pathways analysis can also help us
to better understand the development of these skills. For example, in studying the alignment between the high
school curriculum and the expectations of college instructors, it was determined that many of the at-risk
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students observed by the CMP “have inadequate understanding of concepts that were first taught in
elementary school — key concepts such as fractions, ratio and proportion, and percentages, among others”
(Orpwood et al., 2010, p. 7; see also Orpwood et al., 2012, p. 50 (Table 22)), suggesting the possibility of a
broader systemic issue with math instruction. The CMP expands on this using the example of fractions:

The concept of fractions is introduced and developed gradually in Grades 1 through 3, with a
major emphasis on the nature of fractions in Grade 4. Following consolidation and elaboration
of this in Grades 5 and 6, operations on and with fractions (such as addition, subtraction,
multiplication, and division) are taught in Grades 7 and 8. The secondary mathematics
curriculum only refers to fractions three times in Grades 9 and 10, all in the context of solving
problems and equations involving their use, and not at all in Grades 11 and 12. Clearly, there
are two grades (7 and 8) during which the key operations using fractions are expected to be
learned. (Orpwood et al., 2012, p. 54)

A student who does not sufficiently assimilate the concept in grades 7 and 8, however, may carry this deficit
through to PSE.

While college admission requirements for math are usually framed in terms of grade 11 or grade 12 credits,
the CMP also notes the importance of grade 9 and 10 courses, highlighting that they too need to be
considered as fundamental to the development of students’ skills and reflective of the abilities they bring to
PSE (Orpwood et al., 2012). Furthermore, the CMP has identified “a much more intensive emphasis on
mathematical skills in college courses than is the case at the secondary school level” (Orpwood et al., 2011,
p. 6), further strengthening the need for students to develop highly proficient skills for success at the college
level.

In addition to simply absorbing course material, the CMP also emphasizes repeatedly the importance of
teaching students learning skills — the ability to study, learn and integrate knowledge more effectively — for
success in the intensive PSE environment. It may be the strength of these skills, seasoned over time and
strengthened on the labour market, that allows both older students in general and Second Career students in
particular to outperform younger students in first-semester mathematics courses (Orpwood et al., 2010).

The CMP’s various conclusions over the years have also led to a series of recommendations, including the
following:

1. High school students should select math courses that are appropriate to their PSE goals
rather than those in which they expect a high mark.

2. High schools and high school teachers should place equal value on colleges as they do on
universities as PSE destinations.

3. Colleges should design a common mathematics assessment tool to evaluate incoming
students and facilitate student support (Schollen et al., 2008; Orpwood et al., 2011).

4. Parents and teachers should stress the importance of learning skills and support students in
their development (Schollen et al., 2009; Orpwood et al., 2010).

5. The province of Ontario requires a comprehensive numeracy strategy, one that could include
the implementation of a grade 10 numeracy assessment similar to the Ontario Secondary
School Literacy Test and the use of a numeracy test for teacher candidates (Orpwood et al.,
2012).

Finally, and critical to this discussion, the CMP’s findings remind us of the critical distinction between math
and numeracy. It is helpful here to view numeracy much like literacy, rather than like the “math” that we
traditionally know. Numeracy skills, like literacy skills, cannot be learned in high school and shelved
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indefinitely; they must be exercised regularly to remain strong (Orpwood et al., 2012). In this same way, it is
not helpful to continue viewing numeracy as a discrete part of a curriculum. Like literacy, numeracy “is a
context-based rather than a discipline-based set of abilities” which “can be developed in the context of music,
art and drama, through history and geography, even sometimes in the study of literature as well as through
mathematics and science subjects” (Orpwood et al., 2012, p. 66).

While teaching math, especially in its advanced forms, is appropriately limited to STEM fields, numeracy is an
essential skill whose integration is required in all disciplines. An English major hired to work in
communications, for example, still requires the ability to understand and discuss the economic implications of
the policy being communicated, even if he or she is not responsible for deriving them in detail. Yet the CMP
data also tell us that even in the college sector, whose mandate is built around the development of essential
employability skills such as numeracy, many students are still not required to take math classes as part of
their programs of study. While this is not in itself problematic, keeping in mind the distinction between
numeracy and math, it should lead us to reflect more carefully on how the development of numeracy skills is
built into non-mathematical areas of study.

Numeracy in Ontario’s Universities

While many colleges collect data internally on incoming students’ math skills, the strength of these skills at the
time of graduation is still in doubt. There is no exit testing to pair with the entrance testing that exists in many
college programs. How many of the one-third of college students who are at risk in their first-year college
courses complete their credential and meet the expected math standard? We have no clear data with which
to answer this question.

This lack of data is even more acute in the university sector. In the case of literacy, we could point to a few
exemplary institutions that were assessing the skills of incoming students or that were requiring students to
pass a proficiency exam before graduation, thereby certifying some degree of competency in all graduates
(Dion & Maldonado, 2013). With numeracy, however, no such wide-ranging assessments seem to exist in
Ontario’s universities, giving institutions little idea of the skills students possess upon arrival beyond those
indicated by high school transcripts. This information may be even more problematic given the wide array of
pathways that students can take through the high school math curriculum. Furthermore, as discussed earlier,
the place of numeracy in university curriculum guidelines is hardly clear. While the OQF gives communication
skills their own category, numeracy is only referenced in the context of discipline-specific analyses, and the
Ontario Council of Academic Vice-Presidents’ (OCAV) University Degree Level Expectations (UDLES)
mention “the ability to review, present and critically evaluate qualitative and quantitative information” to a
variety of different ends (OCAYV, 2007). This makes clear the central role of strong math skills in math-
intensive disciplines such as STEM but says little about the importance of numeracy skills for those in other
fields of study.

Given the lack of public institutional sources, concerns about declining numeracy skills among the population
of students entering Ontario’s universities can only be corroborated by isolated groups of data, many of which
deal with the math skills of students entering math-intensive disciplines rather than with the abilities of the
student population as a whole. Some studies performed at British universities have tracked the declining math
skills of incoming psychology undergraduates over a 10-year period, but these students are products of a very
different school system (Mulhern & Wylie, 2004; 2005). The Canadian Council on Learning cites the results of
one math exam used to assess the preparedness of incoming students in the Faculty of Engineering at the
University of Waterloo that ran from 1991 to 1996. It tested 4,000 first-year students and found a slight decline
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in performance over time (CCL, 2005). Many faculty members in math-intensive departments also keep their
own data on student performance, but these are rarely published or made public.

Perhaps the best indication of an issue with incoming students’ skills is the existence of strategies that
universities have adopted to address the problem and ensure that students have the math skills they need to
succeed. To prepare students for a new curriculum that will stress writing and math skills in all disciplines and
programs, Simon Fraser University in British Columbia requires new applicants to have a minimum grade of
either 70 or 80% in grade 12 math, depending on the faculty to which they are applying. As in Ontario’s
college sector, students who do not meet these criteria may be required to take a foundations course
(Tamburri, 2005). The University of Toronto, for its part, runs math camps for students over the March and
summer breaks and has created a math outreach department that offers free monthly workshops to math
teachers on teaching math effectively. It has also added material to first-year math courses to review key high
school math topics and has created a catch-up course for incoming students (Brown & Rushowy, 2013).
McMaster University has done much of the same, offering two fall courses that review grade 12 math, even
using grade 12 textbooks, to prepare students for university-level calculus (Brown & Rushowy, 2013).

Again comparing to literacy, the most interesting element that emerges is not the general lack of data, which
was also the case for literacy skills, but rather its different source. Those few institutions that assessed
incoming literacy skills did so on a large scale, above the departmental level. With math, however, data
collection is taking place on a smaller scale, instead involving departments or even faculty members who
experience the challenge posed by students’ skill levels firsthand. This may change in the coming years with
the expected launch of a University Math Project to mirror the work of the College Math Project in the
university sector.

Conclusions

The first conclusion that flows from this investigation concerns the need to take numeracy seriously as an
essential skill, especially in non-STEM fields. Here, the parallel with literacy is particularly revealing, as it
becomes clear that the two skills are treated quite differently. While literacy is spread throughout the
curriculum, both in high school and in PSE, numeracy is too often reduced to “math” and segregated in
particular courses. While college and university students can be expected to develop their literacy skills
regardless of their area of study, students in non-STEM fields often have very limited interactions with
numeracy skills in the pursuit of their postsecondary credential. Yet both numeracy and literacy are defined as
essential skills by ESDC, by the Government of Ontario and by the OECD. Students’ skills would benefit from
seeing numeracy incorporated into curricula as broadly as literacy has been.

It is important here to keep in mind the distinction that has been made between numeracy and math skills and
the different standards that accompany each. We do not mean to suggest that an everyday standard of
numeracy requires individuals to be comfortable with postsecondary-level math. One might argue that these
advanced skills are quite rightly reserved for those students who would pursue STEM careers. However, the
option for non-STEM students to disengage entirely from numeracy during PSE can allow their skills to
atrophy. Ultimately, the standard to be pursued here is the OECD’s and is set at the level of skill required to
complete everyday tasks.

The second conclusion is more particular to math skills and concerns the lack of data that institutions collect
on the skills that students bring with them to PSE, which makes it difficult to verify faculty complaints
regarding students’ abilities. EQAO results suggest a considerable disparity in math skills between those
students who take applied-stream math courses in high school and those who take academic-stream math
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courses. While many applied-stream students will choose to attend college and many academic-stream
students will choose to attend university, both types of institutions receive students from each category,
resulting in a range of skill levels upon admission. Finally, PISA results similarly point to declining math
proficiency at age 15, with fewer students scoring at the top levels and a greater number of students failing to
meet the level 3 standard. If this trend bears itself out into the last years of high school, it could point to
declining skill levels in students applying to PSE as well.

In this regard, the College Math Project sets itself apart as the most telling source of data concerning
incoming college students’ math abilities. The CMP documents the many pathways that students can take
through the high school math curriculum, resulting in even greater variety of skill levels upon PSE admission.
Overall, roughly one-third of students who take a first-year math course in college are “at risk,” obtaining
grades of D or less. CMP findings also confirm that, in the college sector at least, students who have taken
academic math in grades 9 or 10 perform better in college-level math, with 71.7% of students with academic
math getting good math grades in college and only 48.7% of students with applied math doing the same.

Taken together, these data highlight the wide range of math skills that students bring with them to Ontario’s
colleges and universities. When contrasted with the lack of information that institutions collect on incoming
students’ math skills, this variety makes it difficult to ensure that students have the skills required to succeed
in a math-intensive course of study and that the required supports are available to them.

The third and final conclusion considers the benefits of a postsecondary education to students’ numeracy
skills. Results from the OECD’s IALSS in 2003 and PIAAC in 2012 demonstrate that individuals with
completed postsecondary credentials, especially university-level credentials, tend to have stronger numeracy
skills. Among those who scored in the top numeracy proficiency levels in 2003, 33.6% had a university
credential, compared to 17.7% with a non-university PSE credential and 11% with a high school diploma.
While Canadians performed less well in the PIAAC numeracy assessment, with fewer scoring at level 5 and a
greater number scoring at level 1, the link between strong numeracy skills and educational attainment
remained. However, the percentage of respondents with a university credential who scored at levels 4 and 5
dropped from 33.6% in 2003 to 26.5% in 2012.

The reason for this drop is not clear, nor is the nature of the link between educational attainment and
numeracy skills. One might imagine a filter effect, for example, in which many of those students with the
strongest math skills in high school are attracted to STEM fields in PSE, developing highly advanced
mathematical proficiency and in turn performing very well on international assessments, while the numeracy
skills of those in non-STEM fields might remain relatively stagnant. In this scenario, the change in numeracy
performance could simply be explained by a drop in the number of students choosing STEM in PSE. Other
analyses suggest that respondents with foreign university credentials contribute to this shift and that the
performance of PIAAC respondents with university degrees improves greatly when those with foreign
credentials are removed from the population. The fact remains that PIAAC captures respondents at any point
in the life cycle, when their skills have already been influenced by other factors such as work and further
training. PIAAC results do not present us with a pure measure of the value added of a postsecondary
education.

Also worthy of mention are the areas that have been bracketed or set aside for the purposes of this
investigation. Much has been written, for example, about the influence of gender on the development of
numeracy and math skills. While data to this effect have been presented throughout the report, they have not
been analyzed or discussed to their fullest extent. Similarly, this report has not touched on the role of student
choice in selecting STEM programs of study in PSE. Though clearly an issue with considerable economic
repercussions, we have chosen to focus on the integration of numeracy skills throughout PSE rather than the
development of specialized math skills typical to STEM. Finally, given HEQCOQO’s mandate in the area of
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postsecondary education, this report has bracketed many important questions dealing with numeracy and
math in high school. We would refer readers interested in these issues to the College Math Project’s series of
reports, where pathways through high school math and other topics relevant to K-12 education are discussed
in considerable detail.

In light of the above conclusions, this report closes by making the following recommendations:

1)

2)

Numeracy should be treated like an essential skill on par with literacy. As a result, it should be
integrated throughout postsecondary courses of study in Ontario’s colleges and universities, rather
than isolated in math classes. In this manner, all students would be exposed to content that would
further develop and enhance their numeracy skills, and this regardless of their major. Care should be
taken to integrate numeracy in ways that are relevant to the course material and that aim for a level of
skill development that corresponds to level 3 on the OECD’s scale for students in non-STEM fields
and for another, higher standard for students in STEM fields.

Postsecondary institutions are tasked with teaching basic cognitive skills like numeracy and literacy in
addition to discipline-specific skills. However, it is difficult to evaluate the direct effect of a
postsecondary education on said skills given the information currently being gathered concerning
students’ skill levels upon admission and graduation. This report recommends that postsecondary
institutions begin assessing the numeracy skills of incoming and outgoing students to fill this data
gap. While incoming information could also be used to ensure that the appropriate supports and
provided for students as they begin their course of study, outgoing assessments will provide new
information by which institutions might be held accountable to government and to the public on their
performance in building graduates’ essential skills. Such assessment could be done in a variety of
ways, from formal assessments such as exams to informal assessments using in-class assignments
or portfolios.
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