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Executive Summary

How are Canadian students performing in the strategically important subject of math-
ematics? Any useful answer depends on the measures consulted and the standards against
which results are compared. Given the exclusive authority over education assigned to
Canada’s provincial legislatures, attention must also be given to the relative performance
of provincial as well as other national systems. This study reviews the available test results
in search of answers to these questions.

Initial and particular attention is given to results from the Programme for
International Student Assessment (PISA). Conducted every three years, this is the most
extensive and widely accepted measure of academic proficiency among lower secondary
school students around the world. Results over the 2003 to 2018 period show a steady
decline in Canada’s math scores. Whereas Canada had the fifth highest score among the
37 countries participating in 2003, it occupied twelfth place among the 78 participat-
ing jurisdictions in the most recent 2018 assessment. Even so, Canada had the second
highest 2018 math score among G7 countries after Japan, and Canadian math scores
have remained significantly higher than the OECD average over this fifteen-year period.
Internally, PISA scores declined in every province. Declines were steepest in Manitoba,
Alberta, and British Columbia respectively, and least severe in Prince Edward Island
and Ontario, with the small drop in Quebec’s scores resulting in an essentially flat pro-
file. Against the broader decline, Quebec’s relatively stable scores gave it a growing lead
over all other provinces.

Canada’s participation in the Trends in International Mathematics and Science
Study (TIMSS), the only other international assessment, is limited to students in Alberta,
Ontario and Quebec. Assessments are conducted every four years. Results over the 2007
to 2015 period mirrored the PISA findings, with Grade 4 students in Quebec increas-
ingly outperforming those in Ontario, who outperformed those in Alberta. Alberta did
not participate in the Grade 8 assessment, where Quebec again outperformed Ontario.
While the limited participation of provinces is unfortunate, Ontario and Quebec account
for 63 percent of Canadian school enrolment, with Alberta bringing the total to three-
quarters of total enrolments. Internationally, Quebec placed sixth in the 2015 TIMSS
rankings, Ontario eleventh.

Interestingly, while trends from the Pan-Canadian Assessment of Science, Reading
and Mathematics (PCAP), our only national achievement measure, do not agree with
the PISA and TIMSS findings, the relative performance of the provinces is similar.
Assessments are performed on samples of Grade 8 students every three years. Over the
2010 to 2016 period, math scores improved in all provinces except Ontario, where they
were flat, and Saskatchewan, where they were hump-shaped. The greatest increases were
in Prince Edward Island, Quebec, Nova Scotia, and New Brunswick respectively. Quebec
had the highest average scores of all provinces in all three assessments, followed by
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Ontario and Alberta, conforming to the three top-flight performers in the international
assessments.

Each province has its own unique assessment system, differing in design and with
regard to grade levels assessed so that results from these measures cannot be compared.
Trends within provincial scores were estimated through analyses of reported results in
nine provinces. Findings in each of the highest performing PISA and PCAP provinces
(Alberta, Ontario and Quebec) identified one or more positive mark trends in secondary
or middle school assessments, while most other provinces had flat or negative internal
score trajectories.

The study concludes with a closer look at math assessments in the four provinces
with the largest school systems. Differences in the scores of students in the French and
English language systems in Quebec and Ontario are examined, as are scores in Ontario’s
soon to be discontinued Academic and Applied Grade 9 courses. Comparative results
from Alberta’s Grade 6 and 9 assessments are considered, together with trends in results
from the province’s Grade 12 math examinations. British Columbia’s criterion-referenced
results are compared to average scores to highlight interpretive differences, and persis-
tent differences in the scores of students attending public and independent schools are
considered.

On balance, Canadian math scores are in decline overall, while the relative per-
formance of the provinces has remained stable, with Quebec consistently outperforming
all other provinces on all available comparative measures, and Ontario and Alberta occu-
pying second and third place respectively. Results from the Pan-Canadian assessments
paint a partially contradictory picture, showing increasing scores in all provinces except
Ontario and Saskatchewan, but with a similar pattern of relative performance across the
provinces. The differences in score trends are likely attributable to a focus on measur-
ing the achievement of common Canadian curriculum expectations in the PCAP assess-
ment, rather than the broader conception of mathematical proficiency underlying the
international assessments. Given that the provinces measure math performance against
their own curriculum standards, consideration might usefully be given to adopting a
broader conceptual framework for the Pan-Canadian assessment similar to those used
in international assessments.
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Introduction

Mathematics holds a position of strategic importance in the school curriculum, increas-
ingly so in our ever more digital world. Yet there have been worrying signs of declin-
ing math performance by Canadian students, with educators, parents, and politicians
expressing concern (e.g., Canadian Mathematical Society, 2010; Hammer and Alphonso,
2018; Logan, 2014; Roshowy, 2019). This has encouraged calls for remedial measures
including curriculum changes and enhanced teacher training (Stokke, 2015). Ontario’s
Minister of Education recently acknowledged such concerns when announcing a $200
million, four-year overhaul of math instruction in the province, which will include a
revised elementary math curriculum (Ontario, 2019). Even so, accounts of students’ math
performance typically concentrate on results from a single province, as was the case in
the Ontario announcement, or on results from international assessments, particularly
the Programme for International Student Assessment (PISA). This, together with differ-
ences in test design and the grade levels at which students were tested, makes it difficult
to discern overall trends.

This study seeks to address these difficulties by drawing on available measures
to construct a comprehensive comparative account of math performance in Canada, in
search of a consensus on discernable trends. As such, thisis a descriptive work intended to
help clarify the state of math learning in Canada. We take the Programme for International
Student Assessment (PISA) over the period from 2003 to 2018 as providing the most
reliable benchmark data. These results are used to place Canadian performance in an
international context, and to compare results from the provinces. We then consider
results from the two other available measures providing provincial comparisons. Finally,
we offer an overview of provincial math assessments, concluding with more detailed
reviews of results in the most populous provinces of Ontario, Quebec, Alberta, and
British Columbia. Because each province designs and administers its own math assess-
ments, results are not comparable. Even so, internal trends in individual provinces help
solidify general conclusions, while the overview of the provincial assessment policies
illustrates the wide range of different measures in use.

What emerges from the sources considered is a relatively consistent portrait. Most
results paint a picture of declining math performance for Canada as a whole and in the
provinces, with the notable exception of Quebec. Only results from the Pan-Canadian
Assessment Program (PCAP) yield improving scores, but the design of this assessment
appears less than fully suited for interprovincial comparisons. There is nonetheless gen-
eral agreement on relative provincial performance. Quebec has performed consistently
above the Canadian average over the fifteen years considered; Alberta, British Columbia,
and Ontario have fared relatively well, placing around the Canadian average, although
B.C. scores have been slipping in more recent assessments. The Atlantic provinces fare
less well, and Manitoba and Saskatchewan even less so.
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International and National Assessments

Programme for International Student Assessment (PISA)

The most widely accepted assessment of student and system performance is conducted
by the Programme for International Student Assessment (PISA) under the aegis of the
Organisation for Economic Co-operation and Development (OECD). Administered at
three-year intervals since 2000 in the core academic domains of reading, mathemat-
ics, and science, it provides a comprehensive set of comparable measurements for all
OECD members and participating partner countries and economies (Cordero et al., 2018;
Zamarro et al., 2016). Comparable measures for some sub-national jurisdictions, includ-
ing the Canadian provinces, are also available. The PISA assessments measure student
performance at 15 years of age so that almost all participating Canadian students are in
Grade 10. [1] The presumption is that differences in test scores reflect differences in con-
tent knowledge and procedural ability.

Sophisticated random sampling is used to maximize coverage and minimize bias
in selecting participants. [] First, a stratified random sample of schools is drawn in each
participating jurisdiction. [3] Second, a representative sample of students within each
school is selected (OECD, 2019a). The tests are conducted within the same time win-
dow to minimize differences related to the amount of instruction received. Additional
procedures are implemented to account for schools that exit the survey or fail to provide
acceptable response rates. Test scores are standardized and scaled to a mean of 500 with
a standard deviation of 100.

Because the assessments are derived from samples of national and sub-national
populations, all reported scores are estimates of student performance rather than exact
measures. Both the samples and the tests themselves are designed to reduce and man-
age the associated uncertainty. All results have accompanying standard error statistics.
This allows the margin of error to be determined by calculating confidence intervals
around the estimated score. These confidence intervals establish high and low bound-
aries that have a high probability of bracketing the true population value. We follow the
PISA convention of reporting statistical significance based on 95 percent confidence
levels (p. < .05). When estimated scores fall within these confidence levels there is less
than a five percent chance that the true population value falls outside the confidence
interval. When comparing scores between jurisdictions or over time, overlapping con-
fidence intervals are interpreted as implying results are statistically similar as there is a

'1] 87.7 percent for Canada as a whole in the 2018 assessment (OECD, 2019a: Annex A2, Table I.A2.8).
2] There are some exclusions that are allowed, but these are small in number.

3] The stratification is designed to provide proper subnational representations (e.g., states, provinces,
rural, urban) and to reflect institutional makeup of student population (e.g., type of school—although

proportions of independent (private) schools are not always accurately represented).
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95 percent chance that there is no actual difference between the population values of the
scores being compared.

Sampling errors increase as sample sizes decrease, so that there is greater uncer-
tainty with smaller samples. Larger samples as usually found at the national level normally
have smaller standard errors and thus tighter confidence intervals than the characteristic-
ally smaller samples at sub-national levels, particularly in the smaller Canadian provinces.
The sampling errors associated with average performance estimates at the national level
are typically on the order of two to three PISA score points (OECD, 2019a: 45). Sampling
errors for the Canadian provinces are larger. [4]

Tests and test items change from assessment to assessment introducing further
uncertainty when comparing results over time. This is addressed through various tech-
niques which quantify the comparative measurement uncertainty of the tests used in dif-
ferent years. This uncertainty is expressed as the link error between, for example, math
scores in 2003 and 2006, or any other assessment years. Link errors pertain to assess-
ments and are independent of sample sizes. One of the three subject domains receives
more detailed attention every three assessment cycles which, in addition to allowing for
more detailed analysis, provides the additional data used to calculate the link errors. For
this reason, time comparisons of subject scores can only be properly made with reference
to the first year in which the subject was a major domain. The first year in which math
was the major domain was 2003 so this is the base year for time comparisons of math
performance. Link errors are the most significant sources of uncertainly when compar-
ing PISA scores over time. In the discussions that follow the appropriate link errors have
been incorporated into the calculation of the confidence levels used to determine the
statistical significance of differences between math scores.

The PISA survey is a complex study with multiple layers of assessments. Considerable
attention is given to maximizing the comparability of results from cycle to cycle so as to
ensure apples are compared with apples. These efforts are subject to intense methodo-
logical discussions. The reading domain is subject to debates between experts over language
differences that may make comparisons difficult (Goldstein, 2017). There are also issues
that are known to exist with regard to how administrative directives are followed and the
tests are written (Grisay et al., 2007), or how participating students may be selected so as
to minimize the effect of skimming from the top or bottom of in-school performance dis-
tributions. Care is also taken to account for how cultural differences may induce different
interpretations which could cause inaccurate comparisons between countries.

These problems are more limited in the case of math performance given the greater
universality of mathematical concepts. Indeed, assessments of methodological points of
contention suggest very little differences in national rankings when adjustments intended
to compensate for such differences are made to the math scores ( Jerrim et al., 2018). Most
of the methodological concerns regarding performance assessment in mathematics relate

4] The mean sampling error for math scores from the Canadian provinces ranged from 2.88 in 2003
to 7.21in 2015.
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to sampling procedures and the comparability of results from widely differing countries.
Within Canada there are fewer variations that could cause errors in measurement and
we can feel more confident with regard to the results.

PISA test data are most often used in the literature when comparing student and
system performance largely because of the considerable effort taken to arrive at apples
to apples comparisons (Cordero et al., 2018). While not flawless, PISA clearly constitutes
the best available measure. As such, throughout this paper we benchmark most findings
against the full range of PISA math results from 2003 to 2018.

Canada’s PISA results in international context
Canada’s PISA math scores have been declining. Canada had an estimated average math
score of 532 in the 2003 PISA assessment, which was the fifth highest among the 37 coun-
tries participating in that baseline assessment. In that year Canada’s math score was sta-
tistically lower than top ranked Hong Kong (550), Finland (544) and Korea (542), and
statistically similar to the Netherlands (538), Japan (534) and Belgium (530). In the most
recent 2018 assessment, Canada’s math score had fallen 20 score points to 512, placing
Canada in twelfth place among the 78 participating jurisdictions. The five highest scoring
jurisdictions in 2018 were all non-OECD Asian economies. [5] Canada placed seventh
among OECD members, with a statistically lower score than Japan (527), Korea (526),
Estonia (523), and the Netherlands (519). Even so, Canada had the second highest 2018
math score among G7 countries after Japan.

Canada’s high rankings among G7 countries are noteworthy accomplishments.
Yet Canada was one of only five countries [¢] experiencing a decline of 20 score points or
more in math from 2003 to 2018. Table 1 compares math scores and various trend meas-
ures for Canada, the G7, and other selected OECD countries. Finland, once celebrated
for exemplary PISA performance, recorded the greatest score decline among OECD
countries, experiencing a loss of 37 score points from 2003 to 2018, which represents
an average loss of 6.2 points each assessment for an overall percentage decline of 6.8
points over the 2003/18 period, and 2.3 percentage points over the last three assessments.
Overall, Finland’s scores declined consistently between 2006 and 2018, conforming to
what PISA classifies as an “Increasingly negative” score trajectory (OECD, 2019a: 134).
Canada’s “Steadily negative” trajectory describes a less severe decline with an average
loss of 3.3 percentage points per assessment, and a 3.8 percent decline over the 2003 to
2018 period, flattening to a 1.2 percent decline over 2012 to 2018. Overall, Canada experi-
enced a sharp, statistically significant drop in PISA math scores between 2009 and 2012,
followed by a continuing but shallower decrease thereafter.

'5] These were the provinces/municipalities of Beijing, Shanghai, Jiangsu and Zhejiang, collectively
referred to as B-S-J-Z (China) with a score of 591, Singapore (569), Macao (China) (558), Hong Kong
(China) (551) and Chinese Taipei [ Taiwan] (531) (OECD, 2019a: Table I.BL.11).

6] The remaining four were Finland (37 points), Australia (33 points), New Zealand (29 points), and
Belgium (21 points). As shown in table 1, Canada’s score declined 20 points over the 2003 to 2018 period.
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Table 1: Estimated average PISA math scores for Canada, G7, and selected OECD countries

Assessment year Score difference Trajectory

Country 2003 2006 2009 2012 2015 2018 | Total Avg 6cy%A 3cy%A

Finland 544 548 541 519 511 507 | -37 -6.2 -6.8% -2.3% | Increasingly negative
Canada 532 527 527 518 516 512 | -20 -3.3 -3.8% -1.2% | Steadily negative
France 511 496 497 495 493 495 | -16 -2.7 -31% 0.0% | Negative but flattening
Japan 534 523 529 536 532 527 -7 -1.2 -1.3% -1.7% | Flat

OECDavg | 499 497 499 496 491 494 -5 -0.8 -1.0% -0.4% | Flat
USA 483 474 487 481 470 478 -5 -0.8 -1.0% -0.6% | Flat
Germany 503 504 513 514 506 500 -3 -05 -0.6% -2.7% | Hump-shaped

UK DNP 495 492 494 492 502 7 1.2 14% 1.6% | U-shaped

Estonia DNP 515 512 521 520 523 8 1.3 1.6% 0.4% | Steadily positive

Italy 466 462 483 485 490 487 21 35 45% 0.4% | Positive but flattening
Portugal 466 466 487 487 492 492 26 43 56% 1.0% | Positive but flattening

ference 2003-18. DNP = Did not partic tistically

>, € \ is percentage change i five for UK and

S wce“h;thm in scor *:mehr\ st three assessment ¢ ns as assigned
p ge g9

DECD, 2019a: 133).

Source: OECD, 2019a: Table 1B1.11; authors' calculations.

Scores for Japan and the USA clustered around the OECD average, with score
trajectories for all three categorized as “Flat”. Both countries and the OECD average
experienced small, non-significant score declines overall, with longer- and shorter-term
percentage decreases around 1 percent. Trajectories for Germany and the UK were
more variable, with modest changes overall. The remaining three countries in table 1 all
recorded increasing math scores. Estonia achieved a modest but significant 1.6 percent
gain over five assessments along a “Steadily positive” trajectory. Italy was the only G7
country to record significantly increasing math scores over the six PISA assessments.
Portugal had the greatest gain among OECD countries participating in all six math assess-
ments, with a notable increase of 26 score points, amounting to a 5.6 percentage change
over all assessments, flattening to a 1.0 percentage increase over the last three assessments,
for a “Positive, but flattening” trajectory.

Figure 1 places Canada’s declining math scores in the visual context of score chan-
ges in selected countries. The “T” shaped error bars extending from the plotted values
show the confidence intervals above and below the estimated scores. Canada and Japan
had the highest estimated average math scores among G7 countries over the six 2003 to
2018 assessments. As shown by the overlapping error bars, these scores were statistically
similar in the first three assessments, but the differences became statistically significant
after Canada’s scores dropped sharply in 2012. Math scores for the United States remained
statistically flat but, while the USA had the lowest math scores among G7 countries over
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Figure 1: PISA estimated math scores with confidence intervals, Canada
and selected OECD countries, 2003 to 2018
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Note: Lines have been slightly offset from each other due to overlap of error bars.

Source: OECD a: Table 1B1.11; authors' calculations.

the 2012 to 2018 period, Canada’s declining performance narrowed the score point differ-
ence between the two counties from 46 in 2015 to 34 in 2018. Even so, scores for Japan
and Canada remained significantly higher than the OECD average throughout this per-
iod, while those for the USA remained significantly lower. The positive performances
of Estonia and Portugal are evident in figure 1, Portugal moving from an average score
estimate statistically lower than the USA in 2003 to statistically higher scores in 2015 and
2018 to match the OECD average. Similarly, Estonia moved from a statistically lower aver-
age score than Canada in 2009, to a statistically higher score estimate in 2018.

In summary, table 1 and figure 1 show a statistically significant decline in Canada’s
international math scores over a fifteen-year period, while also showing improvements in
selected comparable countries. Canadian math scores have nonetheless remained signifi-
cantly higher than the OECD average over this period, and significantly higher than US
scores, although US scores remained stable while Canada’s declined. On balance, while
Canadian math scores have declined, Canada has maintained a commendably high place
among OECD and G7 countries. Yet, as noted earlier, these predominantly Western coun-
tries are overshadowed by the five Asian economies named in footnote 5, each of which
significantly and substantially outperformed Canada in the 2018 results.
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Provincial trends

Canadian students recorded lower average PISA math scores on all of the assessments
after 2003, except for 2009, when there was no change from 2006. In spite of this steady
decline, Canada’s average 2018 math score of 512 remains significantly higher than the
OECD average of 489 by a comfortable margin. [ /]

Even so, Canada’s falling math scores hide some more pronounced provincial
declines, as summarized in table 2 and figure 2. In both data displays, provinces are
ordered by decreasing 2018 scores so that Quebec, with the highest 2018 score of 532,
appears first and Manitoba, with a 2018 score of 482, last. The first four provinces shown
(QC, ON, AB, BC) had the highest scores in all six assessments, but occupied varying
places. Together, these provinces educate by far the great majority of Canadian students
(87.4 percent). [8]

Table 2: Estimated average PISA math scores with trend indicators, Canada and provinces,
2003 to 2018

Assessment year Score difference Trajectory
Jurisdiction | 2003 2006 2009 2012 2015 2018 | Total Avg 6cy%A 3cy%A
Qc 536 540 543 536 544 532 -4 -0.7 -07% -0.7% | Flat
ON 530 526 526 514 509 513 | -17 -28 -32% -0.2% | Negative but flattening
Canada 532 527 527 518 516 512 | -20 -33 -3.8% -1.2% | Steadily negative
AB 549 530 529 517 511 511 | -38 -63 -6.9% -1.2% | Negative but flattening
BC 538 523 523 522 522 504 | -34 -57 -6.3% -3.4% | Increasingly negative
NS 515 506 512 497 497 494 -21 -35 -41% -0.6% | Steadily negative
NB 511 506 504 502 493 491 -20 -3.3 -3.9% -2.2% | Steadily negative
NL 517 507 503 490 486 488 | -29 -48 -56% -0.4% | Negative but flattening
PE 500 501 487 479 499 487 -13 -22 -26% 1.7% | U-shaped
SK 516 507 506 506 484 485 -31  -52 -6.0% -4.2% | Increasingly negative
MB 528 521 501 492 489 482 | -46 -7.7 -87% -2.0% | Steadily negative

/ highest to lowest 2( erence (p. <05) from

change

Source: OECD, 2019b: TablelB2,10; authors' calculations.

7] In 2003, the average OECD score stood at 499 which meant that Canada was 6.4 percent above the
OECD average. Relative to the OECD 2018 mean score of 494, Canada’s advantage had fallen to 3.6 percent.
8] Students attending all public and independent schools and programs in 2017/18 (Statistics Canada,
2020). Despite year-to-year variation in enrolments, the relative shares of provincial enrolments have
been stable since 2000 with the exception of Alberta replacing British Columbia in third place over
the 2006/07 to 2007/08 period. Respective 2017/18 proportions for the largest four provinces were:
ON 38.9 percent, QC 24.2 percent, AB 12.7 percent, and B.C. 11.7 percent.
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Figure 2: Estimated average scores and confidence intervals for PISA math results,
Canada and the provinces, 2003 to 2018

i
Il |

Notes: Jurisdictions ranked from highest to lowest 2018 scores. The linkage error is incorporated into the standard error for 2006 and subse-
quent years. For some provinces, the standard errors differ from those in previous PISA reports due to OECD methodological changes.

560
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550

540

530

520

510

500
490
480

470

460
N Canada AB BC NS NB NL PE SK MB

Source: CMEC, 2018: Table B3.15a; authors’ calculations

As shown in the two data displays, Alberta had the highest score of 549 in the
2003 assessment, British Columbia ranked second with 538, Quebec third with 536,
and Ontario fourth with 530, slightly below the Canadian average of 532. As shown by
the overlapping confidence interval error bars in figure 2, Alberta’s 2003 score was sta-
tistically similar to British Columbia and Quebec, but significantly higher than all other
provinces, including Ontario. By maintaining a relatively flat trajectory over successive
assessments, Quebec assumed and then maintained the highest score from 2006 onward
with scores significantly above the national score. In contrast, scores for Alberta and
B.C. declined steeply. After a significant decline over the 2003 to 2012 period, Ontario’s
scores stabilized so that, while Ontario’s 2018 score of 513 is significantly below its 2003
score, Ontario had the second highest score of all provinces in those most recent results.
With the exception of Manitoba, 2003 scores in the remaining provinces were signifi-
cantly lower than the Canadian score and continued to decline thereafter at variable rates.
Manitoba ranked fifth among the provinces in 2003 with a score statistically similar to
Quebec, Ontario, and Canada overall, but Manitoba’s score then declined steadily and
steeply.

Table 2 shows estimated average scores and selected trend indicators for Canada
and each province, with entries ordered by the estimated 2018 average scores as in
figure 2. Quebec’s essentially negligible decline of 4 score points for an average 0.7 per-
cent decrease over the 2003 to 2018 period yields a flat score trajectory over the six assess-
ments with no statistically significant change from the 2003 baseline score. With this
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exception, the overall pattern is one of decline. As noted, the 2018 scores for all provinces
were lower than their 2003 baseline scores, significantly so for all but Quebec and Prince
Edward Island. Prince Edward Island had the second smallest decline of 13 score points
over the six assessments. Yet, P.E.I’s U-shaped score trajectory includes scores that were
significantly below the 2003 baseline in 2009 and 2012, until achieving a marginal but
non-significant gain over the other Atlantic provinces in 2015. Still, P.E.I’s scores were
the lowest in Canada until the 2015 assessment. In 2017/18, the province enrolled only 0.4
percent of all Canadian students (Statistics Canada, 2020). The 2018 scores of the other
three Atlantic provinces were statistically similar to P.E.I. over the 2012 to 2018 period,
as were the scores for Saskatchewan and Manitoba in 2015 and 2018. Taken together,
these six provinces enrolled 12.6 percent of Canadian students in 2018. Score trajector-
ies in these provinces varied over the six assessments. New Brunswick and Nova Scotia
experienced relatively modest but steady and statistically significant declines similar to
Canada overall. Scores for Newfoundland and Labrador declined more substantially over
the first three assessments, before flattening over the last three assessments.

With a percentage decrease of six percent or more over the 2003 to 2018 period,
each of the Western provinces experienced the greatest overall declines in math scores.
Alberta’s loss of 38 score points was concentrated in the 2003 to 2012 period with a flat-
tening trajectory after 2012. As shown in figure 2, scores in British Columbia followed
more of a stepped trajectory, with a stable period between 2006 and 2015 after a drop
from 2003 to 2006, culminating in a substantial drop in 2018. Saskatchewan’s score tra-
jectory follows a similar stepped trajectory, but with a steep drop in 2015. Manitoba’s
leading decrease of 46 score points for a decline of 8.7 percent was distributed relatively
evenly over all six assessments.

Overall, the national-level score is prevented from showing a steeper decline by
the contributions of Quebec, Alberta, and British Columbia in the earlier assessments,
and Quebec and Ontario in more recent years. Figure 3 provides a graphical overview of
the comparative magnitude of provincial declines by charting the percentage change in
estimated average scores from the 2003 baseline to 2018. Prince Edward Island’s vola-
tile scores over the six assessments, as shown in table 2 and discussed earlier, suggest
its current second ranked position may not be sustained into the future. Ontario’s more
stable score trajectory over the last three assessments implies a more solid comparative
ranking. Regardless, the high scores and smaller percentage declines of Quebec and
Ontario, together with their combined 63 percent share of Canadian enrolment, boost
the national score. In this respect it is worth noting that Quebec ranked fifth internation-
ally in the 2018 PISA results with a score statistically similar to Japan and significantly
higher than Estonia, but significantly lower than the five Asian countries listed in foot-
note 5. Less spectacularly but still commendably, Ontario’s 2018 score was statistically
similar to Estonia but significantly higher than France, Australia, Italy, and the USA. [9]

(9] Alberta’s 2018 score was also significantly higher than these nations, although Alberta scored sig-
nificantly below Estonia.
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and provinces, 2003 to 2018
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In sum, all provinces except Quebec and Prince Edward Island suffered statistically
significant declines from their 2003 baseline PISA scores, with P.E.1s scores recovering
from statistically significant lows in 2009 and 2012. Seven provinces, enrolling three-
quarters of Canadian students in total, experienced greater percentage declines than the
Canadian average. Taken together, the Western provinces—the three prairie provinces
and British Columbia—suffered the greatest score declines. The declines in Alberta and
British Columbia are particularly notable: both provinces stood above the national score
in 2003, but have since experienced substantial declines.

Trends in International Mathematics and Science Study (TIMSS)

A second data source providing interprovincial comparisons is the Trends in International
Mathematics and Science Study (TIMSS), conducted by the International Association
for the Evaluation of Educational Achievement (IEA). The TIMSS is similar in design
to PISA as it is meant to provide international comparisons of student achievements in
science and mathematics in Grades 4 and 8 every four years.

The TIMMS results are often used as a complement to the PISA results because
they focus on achievements at different school grades. The two tests are practically quite
similar as suggested by the high correlation between the two measures (Klieme, 2016). [ 10]
In terms of quality, TIMSS rivals PISA. As with PISA, scores are standardized to a mean
of 500 with a standard deviation of 100 to facilitate comparisons.

[10] Klieme reports a correlation of .923 between TIMSS Grade 8 and PISA 2015 math scores for 27
comparable countries, a .931 correlation for TIMSS Grade 8 2007 and PISA 2006 (25 countries), and
.944 for TIMSS Grade 8 2011 and PISA 2012 (28 countries).
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Unfortunately, Canadian participation is limited. Although other provinces par-
ticipated at reduced sampling levels, [11] results have only been published for Grade 4
and 8 students in Quebec and Ontario from 2003 to 2015, and for Grade 4 Alberta stu-
dents from 2007 to 2015. [12] Results are not available for the other provinces. Even
though Ontario and Quebec enrol almost two-thirds (63.1 percent) of Canadian school
students, the incomplete data has led some international researchers to exclude Canada
in their analyses of the TIMMS results (Broer et al., 2019: 21). Nevertheless, the TIMSS
data that are available complement and extend the insights provided by PISA.

Table 3 shows estimated average TIMSS math scores together with selected trend
indicators. Figure 4 offers graphical comparisons with error bars mapping respective
confidence intervals around the plotted scores. Quebec’s status as a consistent high per-
former is confirmed, with significantly higher Grade 4 and 8 scores in the two most
recent assessments.

Table 3: Estimated average TIMSS math scores with trend indicators,
participating provinces, 2003 to 2015

Assessment year Score difference Trajectory
Jurisdiction | 2003 2007 2011 2015 | Total Avg 4cy%A 2cy%A
Grade 4
Quebec 506 519 533 536 30 75 59% 0.6% | Positive, but flattening
Ontario 511 512 518 512 1 0.3 02% -1.2% | Flat
Alberta DNP 505 507 484 -21 7.0 -42% -45% | Increasingly negative
Grade 8
Quebec 543 528 532 543 0 00 0.0% 21% | U-shaped
Ontario 521 517 512 522 1 03 02% 2.0% | Flat

Notes: Provinces ranke cally significant

/ increasing negative score point difference. Scores in bold indic
) from 2003 baseline (2007 for Alberta). DNP = Did not participate. 4c
) le percentage change (2011 & 2017). Trajectory descriptions from the nine vari-
SA (OECD, 2019a: 133) as ¢

cycle percentage

difference (p. <(

chang
ants identified by d by authors.

Source: CMEC, 2017: Tables 1.10 & 2.10.

[11] Manitoba and Newfoundland and Labrador participated in the 2015 assessments but at sampling
levels insufficient for reliable comparative results. Aggregated results from all participating provinces
were nonetheless used to calculate the Canadian average reported by the Council of Ministers of
Education Canada (2017), but in the absence of applicable published results for all provinces these
“Canadian” averages are not reported here.
[12] TIMSS data are also available for 1995 (Grade 4) and 1999 (Grades 4 and 8) but we have not
included these earlier results in order to focus specifically on a time span directly comparable to the
PISA results. The earlier data show a significant drop in Quebec’s Grade 4 scores from 1995 to 2003
with a steady increase thereafter. A similar but less pronounced pattern appears in Quebec’s Grade 8
scores with a significant decline between 1999 and 2003 and flat scores thereafter. Ontario experienced
a statistically significant increase in Grade 4 scores from 1995 to 2003, remaining essentially flat in the
following years. A significant gain in Ontario’s Grade 8 scores between 1995 and 2003 mirrored the
Grade 4 results, with most of this gain occurring between 1995 and 1999.
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Figure 4: Estimated Grade 4 average scores and confidence intervals,
TIMSS math, 2003 to 2015
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Source: CMEC, 2017: Tables 1.10 & 2.10.

As shown in figure 4 and with reference to entries in table 3, Quebec’s Grade 4
math scores increased steadily from cycle to cycle resulting in a statistically significant
gain over the 2003 baseline by 2011, which is sustained until 2015, but at a reduced pace,
describing a positive, but flattening trajectory. Ontario’s Grade 4 scores traced a flat tra-
jectory over the full 2003 to 2015 period, with no statistically significant gains or decreases.
Alberta’s Grade 4 scores followed an increasingly negative trajectory, remaining steady
over the 2007 to 2011 period before a significant 23 score point drop from 2011 to 2015.
In the most recent 2015 results, Quebec’s average estimated score of 536 is significantly
higher than Ontario’s 512, which is itself significantly higher than Alberta’s 484. These
provinces occupied the same ranks in the 2011 TIMSS results, with Quebec significantly
outscoring Ontario whose score was statistically similar to Alberta in that assessment.

Figure 4 shows Quebec significantly outperforming Ontario at the Grade 8 level
in all but the 2007 assessment, when Quebec’s estimated average score fell significantly
below the 2003 baseline score and was statistically similar to Ontario’s. Increasing scores
thereafter brought Quebec’s Grade 8 results back to statistical parity with the 2003 base-
line. Ontario’s Grade 8 scores remained flat over the 2003 to 2015 period with no statis-
tically significant gains or losses. Under the TIMSS design, each Grade 4 student cohort
is sampled again four years later. In this respect, the consecutive increases in Quebec’s
Grade 4 scores over adjacent assessment cycles from 2003 to 2015 broadly agree with
the improving Grade 8 score over the 2007 to 2015 period, reinforcing the reliability of
the results. Similarly, the statistically flat trajectory of Ontario’s Grade 4 scores over the
2003 to 2015 time span is similar to the flat trajectory of the lagged Grade 8 scores.
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These relative performance patterns are consistent with the PISA results for 15
year-olds, the great majority of whom are enrolled in Grade 10 courses. Comparative
TIMSS Grade 8 results agree with the PISA data and are internally consistent with the
TIMSS Grade 4 results. While the summative descriptive trajectories in tables 2 and 3 are
not in full agreement, they are not contradictory. Quebec’s PISA-based “flat” trajectory
in table 2, for example, is broadly consistent with the Grade 8 TIMSS shallow “U-shaped”
trajectory in table 3, with very small score differences between the baseline and terminal
assessment years. Ontario has a greater score point difference in the PISA data, but the
flattening of scores over the 2012 to 2015 period is compatible with the TIMSS profile.

Finally, the comparative international rankings from the TIMSS data agree with
those from the PISA results, with a few interesting anomalies. In PISA 2018, Quebec
ranked fifth overall after the four highest-scoring Asian countries listed in footnote 5,
with a score of 532, which was statistically similar to Japan’s 527. In the Grade 8 TIMSS
results, Quebec was sixth with a score of 543, close to but statistically lower than Japan’s
586. Ontario placed thirteenth in PISA18 with a score (513) statistically lower than Japan
but considerably greater than the USA (478). In the TIMSS Grade 8 rankings, Ontario
placed eleventh with a score of 522, statistically lower than Japan (586) but statistically
similar the USA (518). As shown earlier in figure 1, the USA’s PISA math scores have been
flat and significantly lower than Canada’s. In notable contrast to the pattern of TIMSS
results in Canada, Grade 8 TIMSS results in the USA have been consistently lower than
the USA’s Grade 4 scores. In conformity with this pattern, the USA’s 2015 Grade 4 score
of 539 was statistically similar to Quebec’s 536 and significantly higher than Ontario’s 512
and Alberta’s 484, even though all three provinces outperformed the USA in the Grade
10 PISA results.

Pan-Canadian Assessment Program (PCAP)
Canada has only one set of national school achievement tests: the Pan-Canadian
Assessment of Science, Reading and Mathematics (PCAP), sponsored by the Council
of Ministers of Education, Canada (CMEC). The PCAP is structurally similar to PISA
and TIMSS with scores standardized to a mean of 500 and a standard deviation of 100.
Grade 8 students in randomly selected classrooms in randomly selected schools in each
province respond to subsets of a larger universe of test items which are pooled for analy-
sis (CMEC, 2016). Test items are developed and field tested in Canada with reference to
provincial curricular expectations and with the involvement of curriculum experts and
teachers across the country. Assessments have been conducted every three years since
2007. One subject receives more detailed attention every nine years as the rotating major
domain. This additional attention includes a wider range of test items including common
“anchor items” designed to provide baseline linked results to facilitate comparisons over
time (O’Grady, Fung, Servage, and Khan, 2018: 5). Such comparisons can only be prop-
erly done with reference to the first assessment in which a subject was the major domain.
This was 2010 for mathematics. Consequently the following review is limited to results
from the three assessments conducted in 2010, 2013, and 2016.
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The architecture and administration of PCAP resembles the PISA and TIMSS stud-
ies (Volante, 2016). But whereas PISA and TIMSS are designed to assess mathematical
reasoning and application in an international context, PCAP focusses directly and exclu-
sively on Canadian needs and expectations with specific attention to Grade 8 curriculum
areas common to the provinces (O’Grady and Fung, 2016: 10). Results are intended to be
used primarily by provincial policy makers to monitor, assess, and improve their educa-
tion systems (O’Grady, et al., 2018: 6).

Results for the three comparable years are shown in table 4 and figure 5, with prov-
inces ranked according to their decreasing 2016 scores to facilitate comparison with the
PISA results shown earlier. There is evident disagreement between the two sets of results:
While the PISA scores portray variable rates and patterns of decline in all provinces, the
PCAP results show variable patterns and rates of increase in all provinces.

There were statistically significant increases in PCAP math scores at the national
level and in nine provinces over the three assessments. Only Ontario failed to record
statistically significant increases, scores following a flat trajectory with no significant
gains or losses. Results in Saskatchewan traced a hump-like trajectory with a statistically
significant gain from 2010 to 2013 followed by a non-significant decline over the 2013 to
2016 period, resulting in a 2016 score that remained significantly higher than the 2010
baseline. Scores in all other provinces followed either a steadily positive or an increasingly

Table 4: Estimated average PCAP math scores with trend indicators, Canada and

provinces, 2010 to 2016
Assessment year Score difference | Trajectory

Jurisdiction 2010 2013 2016 | Total Avg %A
Quebec 515 527 541 26 87 5.0% | Steadily positive
Canada 500 507 511 11 3.7 2.2% | Steadily positive
Ontario 507 512 508 1 0.3 0.2% | Flat (non-significant hump)
Alberta 495 502 505 10 3.3 2.0% | Steadily positive
Prince Edward Island 460 492 503 43 143 9.3% | Increasingly positive
New Brunswick 478 480 498 20 6.7 4.2% | Increasingly positive
Nova Scotia 474 488 497 23 7.7 4.9% | Steadily positive
British Columbia 481 489 494 13 43 2.7% | Steadily positive
Newfoundland and Labrador | 472 487 490 18 6.0 3.8% | Steadily positive
Saskatchewan 474 488 483 9 30 1.9% | Hump-shaped
Manitoba 468 471 479 11 3.7 2.4% | Steadily positive

Notes: Jurisdictions ranke

by decreasing 2016 scores. Scores in bold indicate statistically significant difference (p. <05) from

~

e 6. Trajectory descriptions from the nine variants identified by PISA

entage change from 2010 to 201

ed by aut

Source: O'Grady, Fung, Serage, and Khan, 2018: Table B.13; authors' calculations.
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Figure 5: Estimated PCAP average Grade 8 math scores and 95% confidence
intervals, Canada and provinces, 2010 to 2016
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Source: O'Grady, Fung, Serage, and Khan, 2018: Table B.16; authors' calculations.

positive trajectory. The 9.3 percentage increase for Prince Edward Island is exceptional,
catapulting the province from the lowest score in 2010 to the fourth highest provin-
cial score in 2016, statistically higher than Newfoundland and Labrador, Saskatchewan,
and Manitoba. Yet despite this substantial increase, Prince Edward Island’s 2016 score
remained 38 points below Quebec’s dominating score of 541. Quebec’s performance was
itself exceptional with significantly higher scores than all other provinces in each assess-
ment, as well as significant assessment-to-assessment gains within the province, resulting
in a greater percentage increase than any other province except P.E.I.. Quebec’s 2016
score of 541 was 33 score points higher than Ontario’s next highest score of 508. Not only
did Quebec perform consistently above the national result in each assessment, the score
point difference between Quebec and the national average increased at an accelerating
pace, from 15 points in 2010 to 20 in 2013 and 30 in 2016.

While each province except Ontario experienced statistically significant gains over
their 2010 baseline results, scores for the three provinces at the lower end of the score dis-
tribution remained well below the national score in each of the three assessments. Both
Newfoundland and Labrador and Saskatchewan recorded large, significant increases
between 2010 and 2013, before leveling off, in the case of Newfoundland and Labrador,
or declining in Saskatchewan, leaving Saskatchewan with the second smallest percentage
change overall (1.9 percent). Manitoba’s increasingly positive trajectory resulted in a statis-
tically significant increase over the 2013 to 2016 period for a modest overall percentage gain
of 2.4. British Columbia performed comparatively weakly with the sixth lowest 2016 prov-
incial score of 494, significantly lower than Ontario, Alberta, and Canada. Although B.C.
scores traced a steadily positive trajectory over time, increases amounted to a modest 2.7
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percentage gain over the three assessments. Alberta’s scores followed a similar pattern for a
more modest increase of 2 percent, but Alberta’s higher 2016 score built on a 2010 baseline
score 14 points higher than B.C. Nova Scotia achieved the largest sustained improvement
after Quebec with significant assessment-over-assessment gains for a 4.9 percent increase
overall. Scores in New Brunswick followed an increasingly positive trajectory with 18 of
the total 20 score point gain being achieved over the final two assessments.

Results from the last three PISA assessments in 2012, 2015, and 2018 are those most
directly comparable to the available PCAP results. Indeed, the Grade 8 student cohorts
sampled by PCAP form the bulk of the PISA sample two years later. Figure 6 compares
percentage changes in PCAP and PISA scores over these three comparable periods, with
the provinces ordered by increasing percentage changes in PCAP scores. The discrepan-
cies between the PISA decreases and PCAP increases are evident but, with some excep-
tions, the magnitude of these discrepancies is reduced by the smaller percentage change
in the three most recent PISA assessments than those over the six assessments charted in
figure 3. Prince Edward Island is one exception. In this case, the changesin both PCAP and
PISA are positive, with a large difference between the two positive score estimates. Given
the very small student population on P.E.I, this discrepancy, along with the volatility of
P.E.Is PISA scores over the longer time span as noted earlier, may be influenced by sam-
pling issues. In figure 6, only Saskatchewan, British Columbia, and New Brunswick have
declines greater than two percentage points in the three most recent PISA assessments,
the remaining provinces having percentage declines of two points or less. The essentially
negligible difference in the Ontario’s PCAP and PISA results is especially notable given
the schools in this province enrol well over a third (38.9 percent) of all Canadian students.

Figure 6: Percentage change in PCAP 2010-16 Grade 8 and PISA 2012-18
Grade 10 scores, Canada and provinces
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Sources: See tables 2 and 4.
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Discrepant results

The best explanation for the discrepant provincial score trajectories in the PCAP and
PISA results is that the two assessment instruments are measuring different things. Most
obviously, PISA is designed to assess the performance of 15 year old, lower secondary
school students, most of whom are enrolled in Grade 10, while PCAP assesses Grade 8
students enrolled in either junior high or, in the case of most Ontario students, the sen-
ior year of elementary school. In addition to the important structural and cultural differ-
ences in the teaching-learning environments in secondary and middle/senior elementary
schools, curriculum expectations vary. These differences, together with the differing
international and national orientations of the PISA and PCAP assessments respectively,
mean that the two instruments have been designed within different theoretical frame-
works to assess different aspects and applications of mathematical proficiency.

This view is supported by accounts in the technical literature for the two projects
(OECD, 2019b; O’Grady and Fung, 2016). The PISA mathematical framework focuses on
assessing “mathematical literacy” defined as “an individual’s capacity to formulate, employ
and interpret mathematics in a variety of contexts” (OECD, 2019b: 75). Assessment items
focus on applying mathematical concepts and capabilities to understand and respond to
meaningful real-world problems. While PISA recognizes that this approach is “closely
aligned with that typically found in national mathematics curricula,”(OECD, 2019b: 83),
it is not designed to directly measure student proficiency in the subjects and strands
contained in official curriculum as is the PCAP project, but rather to demonstrate abil-
ity to function mathematically in the real world. As declared by O’Grady et al. (2018:
8), PCAP is intended to serve as an “Assessment of learning” by providing “a snapshot
of student achievement relative to specific curriculum requirements.” More specifically,

“The PCAP Mathematics Assessment focuses on curricular outcomes that are common
to all Canadian provinces at the Grade 8/Secondary II level” (O’Grady et al., 2018: 35).
In sum, while the PISA test items are necessarily framed within and oriented to a gener-
alized international context, PCAP items draw on curriculum content common to the
Canadian provinces. Moreover, and importantly, PCAP is geared to expectations for
Canadian Grade 8 students while PISA seeks to assess the proficiency of lower second-
ary school students who have had a further two years or so of instruction.

In addition to offering a plausible explanation for the discrepancies between the
PCAP and PISA results, this view suggests that increases in PCAP scores over the 2010 to
2016 period can be reasonably attributed to improved harmonization of test items, provin-
cial curricula, and instruction within the Canadian context. The absence of a similar direct
linkages between item design, official curricula, and classroom instruction in the design
of the PISA assessment removes these potential influences on measurement outcomes.

The differing purposes and foci in the PISA and PCAP assessments result in a lack
of commensurability. Rather than measuring a common underlying standard of math-
ematical proficiency among children at the same stage of development and schooling,
each measures different aspects of mathematical meaning and ability within different
performance contexts. There are nonetheless underlying commonalities, so that while
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the respective measurements are not fully commensurable, they are complementary, as
reflected in the similar relative ranks of the provinces. In one sense, poor commensurabil-
ity impedes our quest for consensus on the direction and degree of changes in Canadian
math scores, yet the two measures broaden the tentative conclusions available by yielding
results at two different points on the ladder of formal schooling, PISA assessing Grade
10 performance, PCAP Grade 8.

Summary

Figure 7 plots the most recent provincial results from the three measures considered in
this section against each other. Scores on all three measures are scaled to their standard-
ized means of 500 with standard deviations of 100. Confidence intervals for PISA and
TIMSS scores are omitted to avoid clutter.

As summarised in figure 7, the relative levels of provincial performance largely
hold across the most recent PISA, PCAP, and TIMMS results. Indeed, there is a high
correlation between aggregate 2016 PCAP and 2018 PISA scores (.(8) =.889, p. < .01)
and the linear regression line shows a good fit, accounting for almost 80 percent of the
variation with a significant B(1) value (8.826, £(9)=4.459, p.<.001). Quebec stands out
in all four sets of results as the preeminent performer, clearly outscoring all provinces
on all measures. Ontario and Alberta share a statistical tie for second place in the 2016

Figure 7: Scatter plot of PISA 2018, PCAP 2016, and TIMSS 2015
estimated average provincial math scores

Qc

@TIMSSGr82015

ATIMSS Gr4 2015

Errorbars map 95% PCAP
confidenceintervals

AB A
R*=0.791
r.(8)=.889, p.<.001
MB
470 480 490 500 510 520 530 540 550
PCAP 2016 and TIMSS 2015
Note: Dotted line is best fit linear regression trend line for 2018 PISA scores against PCAP scores (B(1)=8826
t(9)=4.459, p.<001). Solid blue line shows statistical smooth line through

Source: See tables 2, 3, and 4.
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PCAP results but, as shown earlier in figure 2, the larger confidence intervals in the 2018
PISA data include British Columbia and Nova Scotia in the statistical tie for second place
in those results. There is a sharper differentiation in the 2016 PCAP data, with British
Columbia’s estimated score being statistically lower that Alberta and Ontario, but simi-
lar to those of the Atlantic provinces. Manitoba and Saskatchewan fall at the lower end
of both distributions with statistically indistinguishable scores. The statistical smooth
line connecting PCAP scores highlights the graphically anomalous results for Prince
Edward Island with a difference of 16 standardized score points between the PCAP 2016
and PISA 2018 results.

Overall, the pattern of score distributions in figure 7 divides the provinces into
three groups. Quebec is the sole occupant of the premier performing group. Ontario and
Alberta comprise the second highest performing group as defined by shared PISA and
PCAP results, and reinforced in the case of Ontario by the 2015 TIMSS results. In gen-
eral, the remaining provinces fall into a statistically undifferentiated lower performing
group. Manitoba and, to a less precise degree Saskatchewan, could be separated out as
a fourth group on the basis of PCAP scores, but are to be included with the Atlantic
provinces on the basis of 2018 PISA results given the wider confidence intervals in the
PISA data. Similar considerations apply to Newfoundland and Labrador which could be
distinguished from the other Atlantic provinces (as well as Saskatchewan) in the PCAP
results, but not in the PISA data. On this analysis, Prince Edward Island’s graphical out-
lier status is negated by overlapping PCAP confidence intervals with the other Maritime
provinces (and B.C.), as well as overlapping PISA confidence intervals with all third
group members. Together, the seven provinces in the lowest performing group enrol
almost a quarter (24.3 percent) of Canadian school students.

As discussed earlier, the most notable discrepancies between the measures con-
sidered in this section concern changes over time. Whereas the PISA results show decline,
PCAP results show improvement. If, as seems reasonable, this is a result of each test meas-
uring different forms of mathematical performance at different grade levels, informed
by different theoretical frames for different purposes, then each set of results needs to
be interpreted with reference to these different purposes. Given that the PCAP assess-
ment is geared to provincial curricula while PISA seeks a more global assessment, it
seems reasonable to conclude that Canada is gaining ground locally while falling behind
internationally. More specifically, the average mathematical proficiency of Canadian
students has improved when measured against provincial curriculum expectations, but
has declined when measured against the most widely accepted international standards.
Despite this decline, Canada has continued to outperform other comparable countries.
Still, Canada’s impressive international record rests heavily on Quebec’s particular prom-
inence. This implies that the increasing PCAP math scores in other provinces may foster
a fragile complacency which distracts from noticing and addressing possible weaknesses
in curriculum design and delivery that may be slowly eroding our PISA results.
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Provincial Assessments

Provincial measurement systems

Each province has a unique student assessment system, precluding cross-provincial com-
parisons. When considering the range and variety of systems in place an initial distinction
can usefully be made between progress assessments conducted at designated points in
students’ progression through the curriculum, and cumulative examinations held toward
or at the end of a school program, the results from which typically contribute a defined
portion to final course marks. All provinces except Quebec and Saskatchewan report
provincial progress assessments for mathematics, but these are conducted at differing
grade levels. Alberta measures math performance in Grades 6 and 9, British Columbia
in Grades 4 and 7, while Nova Scotia is currently implementing new math assessments
in Grades 4, 6, and 8. These provinces also administer culminating examinations in math,
with British Columbia recently replacing its Grade 10 math exam with an on-line Grade
10 Graduation Numeracy Assessment. In contrast, Ontario administers progress assess-
ments in math in Grades 3, 6, and 9, but does not have cumulative provincial examina-
tions for math, although students must meet a Grade 10 literacy requirement to graduate.

Quebec has a unique hybrid system of compulsory examinations in Grades 4, 6,
and 8 (Secondary II). Exams are set centrally but administered in each school under uni-
form conditions, then marked locally by the teachers. Results are used to guide instruc-
tion but also count for 20 percent of students’ final marks. Consequently, there are no
provincial level assessment data for students in the lower and middle grades in Quebec.
Alberta is phasing in a similar Grade 3 Student Learning Assessment program in literacy
and numeracy where the student response tasks are also managed centrally but marked
locally, with results intended for teacher and school use. Alberta’s new SLA program is
distinct from the progression assessment results provided by its Provincial Achievement
Tests in Grades 6 and 9.

Provincial progress and cumulative assessments seek to assess each eligible student
to achieve complete coverage of designated student populations and provide individual
results for students, teachers, schools, and parents, as well as aggregated board and prov-
incial results. Various exceptions are permitted, but the aggregated results are accepted
as census measures of the populations concerned, rather than estimates derived from
population samples, as in the international and national assessments reviewed earlier.
Culminating examinations normally focus on the content of specific secondary courses
and will thus cover only students enrolled in each course.

All progress assessments use criterion referenced measures expressed as the per-
centage of students at a predetermined standard of achievement. The declared provincial
standard of achievement sets the milepost which students are expected to have reached or
exceeded by that year. Those who meet this standard are considered to be on pace with
curriculum expectations. The sum of those who meet and exceed the expected standard
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relative to the sum of all students is taken to approximate mathematical performance.
Even if achievement standards in different provinces could be accepted as commensur-
able, the categorical classification of student performance into the categories of “does not
meet the standard,” “meets the standard” and/or “exceeds the expected standard” is not
well suited for comparison, as it does not tell us the true cardinal performance distances.

The broad picture
A detailed summary of 36 different provincial measures of math performance is included
in the Appendix, together with selected trend indicators. The variety of assessments and
the results provide a bewildering picture. Missing data also limits comparative analysis,
especially the lack of progress measures in Quebec and Saskatchewan, and the lack of
cumulative secondary level measures in Ontario. Even so, trends within the provincial
results cohere in several ways with trends in the PCAP and PISA results reviewed earlier.
Table 5 summarizes the trends reported in the Appendix under three curriculum
levels, Elementary (Grades 3 to 6), Intermediate (Grades 7 to 9), and Secondary (Grades
10 to 12). Trend trajectories shown in the Appendix are collapsed into single summative
trend indicators. Thus, the U shaped and positive flattening trajectories for Alberta’s two
Grade 12 exams in the Appendix are condensed to Positive in table 5, and so forth. [15]
Provinces are ranked by decreasing 2016 Grade 8 PCAP scores, with 2018 PISA ranks
shown in the final column.

Table 5: Summary of trends in provincial math assessments over varying periods

Provinces ranked by 2016 Curriculum level PISA 2018
PCAP scores (Table 4) Elementary Intermediate Secondary rank (Table 3)
(3-6) (7-9) (10-12)

1. Quebec No data No data 1

2. Ontario No data 2

3. Alberta 3

4. Prince Edward Island 8

5. New Brunswick Insufficient data to estimate trends 6

6. Nova Scotia Flat Flat Flat 5

7. British Columbia Flat Flat 4

8. Newfoundland & Labrador Flat Flat 7

9. Saskatchewan No data No data Flat 9

10. Manitoba _ Flat 10

Note: Bold typeface indicates at least one significant B(1) linear regression coefficient (p.< 05) for the long term score
changes reported in Appendix.

[13] The Grade 3 and Grade 6 trend indicators for both Prince Edward Island and Newfoundland and
Labrador were contradictory. In each case these were condensed to Flat after inspecting line graphs
of merged data.
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Each of the four highest PCAP scoring provinces and each of the three highest scor-
ing PISA provinces has a Positive internal score trajectory in its provincial assessments at
either the Intermediate or Secondary curriculum levels. Alberta has a conflicting Negative
trend at the Intermediate level. Ontario has a Negative score trend in its Elementary assess-
ments with both of the province’s Grade 3 and 6 scores having statistically significant but
shallow negative scores trends. These coincide with the province’s flat Grade 4 TIMSS profile.

Where results were available, lower scoring PCAP and PISA provinces have
either Flat or Negative provincial score trends in table 5, with the sole exception of lowest
ranked Manitoba which has statistically significant Positive trends at both Elementary and
Intermediate levels. The significant Intermediate level trend in the internal data is inconsis-
tent with both the province’s PCAP and PISA profiles. British Columbia’s statistically signifi-
cant negative trend at the Intermediate level is also inconsistent with the significant increase
in PCAP scores reported in table 4. Prince Edward Island’s solid performance in table 5
complements its PCAP ranking, but appears inconsistent with its PISA record, underscor-
ing the irregular pattern shown in figure 7. Consequently, P.E.I. has a positive record on all
measures except PISA, but even there the province’s gains on the up side of the U-shaped
recovery in recent results makes a positive contribution to its commendable overall record.

Provincial assessment results in selected provinces

We have selected results from Quebec, Ontario, Alberta, and British Columbia for closer
consideration because of their prominence in the PISA and PCAP results and their rela-
tively large enrolments. Provincial assessments in each of these provinces also illustrate

one or more aspects of interest shared with other provinces.

Quebec
The Ministere de 'Education, de 'Enseignement supérieur et de la Recherche (MEESR)
administers three compulsory Secondary IV (Grade 11) Ministerial examinations in math-
ematics as part of Quebec’s Secondary School Diploma requirements: (1) the Cultural,
Social and Technical Option (3414) taken by an average of 49 percent of students sitting
these exams over the seven years summarized in the Appendix, (2) the Science Option
(5426), accounting for an average of 41 percent of students, and (3) the Technical and
Scientific Option (4426) taken by an average of 10 percent of students over this period.
Exam materials are distributed by MEESR and completed in schools on a set day under
controlled conditions. Grading is divided between schools and the MEESR (Quebec, 2015).
Separate examinations are set for schools in Quebec’s French and English sec-
tions. On average, 88 percent of the three math exams over the 2012/18 period were
French language exams. The marks reported in the Appendix are weighted averages for
the results in each language. Figure 8a plots these weighted average scores together with
best fit linear regression lines for the Beta values in the Appendix. The positive mark tra-
jectories for all three sets of examination results are evident, as is the drop in scores for
the 5426 Science Option from 2016 to 2017, followed by a partial recovery which formed
the basis for assigning a positive but flattening trajectory in this case.
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Figure 8a: Quebec Ministerial math exam results, French and English weighted average

. M Math 5426
M Math 4426
Math 3414
80
.
- I et
T mmm—— NN\
s T
s T
8’ -
c 70
g L.
< g T
65
------ Linear (Math 5426)
""""" Linear (Math 4426)
Linear (Math 3414)
60

2012 2013 2014 2015 2016 2017 2018

Figure 8b: French - English score difference on Quebec Ministerial math exams

8 Higher French than English scores

"TETIN
-4

o)}

N

N

o

|
N

Difference between French language Kand
English language mean scores (F - E)

Math 3414
M Math 5426
M Math 4426 Higher English than French scores ¥
2012 2013 2014 2015 2016 2017 2018

Figure 8c: Average marks on three French and English language math exams

80
75 /\ \/
70 /
French
language
English language
65

2012 2013 2014 2015 2016 2017 2018

Source: Data provided by Direction des indicateurs et des statistiques on request (30 June, 2020) and authors' calculations.

fraserinstitute.org



24

Math Performance in Canada = Allison and Geloso

Scores on the two language versions of each exam were highly correlated, [14] but
there were higher average scores on the French language version of the 3414 CST exam
and higher average scores on the English language version of the 4426 TS exam. French
and English annual average score differences for each exam are compared in figure 8b,
values above the zero line showing higher French than English scores, those below the
zero line higher English language scores. Nevertheless, score differences between French
and English language exams are effectively cancelled out when scores for all three courses
are averaged, as shown in figure 8c. Linear regression of the grand average of scores on
all three courses in both languages showed a statistically significant positive trend across
the years considered. [15]

In sum, results from Quebec’s three culminating math exams from 2012 to 2018
are consistent with the stable or improving scores from international and national assess-
ments. The language-based differences are only partially consistent with other findings.
French language Quebec students in both the Grade 8 PCAP and 15 year old PISA math
assessments have consistently outperformed their English language peers (CMEC, 2018:
37). The internal exam data supports this pattern for students sitting only the most highly
subscribed of Quebec’s three culminating math examinations.

Ontario

Ontario’s Education Quality and Accountability Office (EQAO), an arm’s length Crown
corporation operating independently of the Ministry of Education, administers progress
examinations in mathematics in Grades 3, 6, and 9 to all public school students. As in
Quebec, students in the English and French language systems sit separate forms of each
exam with results reported separately, but there are notably fewer minority language
students, accounting for an average of just 4.5 percent of the Ontario results summar-
ized in the Appendix, compared to the 11.7 percent in Quebec.

The Grade 3 and 6 results summarized in the Appendix are weighted averages of the
English and French language results. Score trajectories for both grades show statistically
significant declines, Grade 3 results experiencing a 13 percent decease over the 2008 to
2019 period, and Grade 6 results a more substantial 19 percent decline. Figures 9a and 9b
chart results for English and French language students in each grade respectively with
a line plot tracing the weighted average. With English language students accounting for
slightly more than 95 percent of total results, the increasingly negative score trajectories
for English language students in Grade 3 and the flattening negative trajectory for Grade
6 students both match the overall score trajectories in the Appendix. Yet the graphs show
that these overall negative trends mask positive gains for French language students in both
grades. Grade 3 French language scores increased 32 percent over the 2008 to 2015 per-
iod to peak at 81 percent of students at or above the provincial standard, before declining

(14] Ranging from 7(5)=.968, p.<.001 on the 3414 Culture, Social and Technical (CST) option, to
7(5)=.910, p.<.01 on the least popular 4426 Technical and Scientific (TS) option.
115] B(1) = 1161, #(6)=3.007, p.=.03.
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to 74 percent at this standard in 2019. Most strikingly, Grade 3 English language students
outperformed French language students in 2008 and 2009 before falling increasingly
behind in subsequent years (figure 9a). In Grade 6 (figure 9b), French language students
consistently and substantially outperformed their English language counterparts, with
78 percent of students at or above the provincial standard in 2008, rising to 82 percent in
2019. In contrast, the percentage of English language students at or above the provincial
standard declined steadily from 61 percent in 2008 to 48 percent in 2019.

Figure 9: Percentage of Ontario English and French language students at
or above provincial standard
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Notes: Years are the latest in the academic pair, so that 2018 corresponds to 2017/18 Missing English language results due
to exceptional circumstances in 2015 replaced with imputed values (multivatiate normal method).

Source: Ontario Education Quality and Accountability Office (EQAO) and authors' calculations.
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Ontario Grade 9 students enrol in either the Academic or Applied mathematics
course and consequently participate in one of two separate assessments. [16] The sum-
mary results in the Appendix show weighted averages for combined English and French
language students participating in each assessment. In contrast to the lower grades,
results in both the Academic and Applied Grade 9 assessments show statistically sig-
nificant positive but flattening score trajectories, as shown in figure 10a. This graph also
shows a substantial score gap between the two assessments. Many more students take the
Academic assessments than the Applied assessments, and the ratio has been increasing
so that while 68 percent of Grade 9 students took the Academic level test in 2008, this
proportion had risen to 75 percent in 2019. To provide a balanced overview of Grade 9
results, figure 10a also includes weighted average results for Academic and Applied stu-
dents. This weighted average shows a statistically significant 20 percent increase over
the 2008 to 2019 period.

There are two interesting things to point out. The first is that the course-based
differences in the Grade 9 results could simply be the product of less proficient students
sorting themselves into the less demanding course. This would create a composition bias
whereby mildly above average students choosing to enrol in the less demanding course
would boost the average performance in that course while simultaneously improving
test results in the more demanding course by concentrating contributions from the top
students. In this case, average marks in both groups go up even if the overall distribu-
tion of student proficiency has not changed. This effect will disappear with the recently
announced destreaming of the Grade 9 program. The resulting effect on Grade 9 math
performance will also be influenced by accompanying curriculum changes.

Figure 10b breaks out results for English and French language students in Academic
and Applied courses. Score trajectories for Grade 9 English and French language stu-
dents are positively correlated [17] and fall within similar ranges within each course. In
accord with the overall results, trends for all four score trajectories are positive, but with
slightly steeper increases for French language students in each course. In the Academic
assessments, English language results are essentially flat after 2010 while French language
results continue to increase to a peak of 90 percent of students at or above the provin-
cial standard in 2019, compared to 84 percent for English language students. Scores for
Applied students follow a similar, but less pronounced, pattern, with French language
students outperforming English language students in recent years, with the sole excep-
tion of 2017 when scores were tied.

(16] The Minister of Education announced the impending end of this policy in a July 9, 2020 state-
ment to the legislature (Ontario, 2020). A new foundational Grade 9 math course will be introduced
for September 2021. While this change will necessarily be integrated into Ontario’s new math strategy,
the announcement linked the new initiative to the government’s commitment to improving educa-
tion equity.

(17] Academic English and French language 7.(10)=.748, p.=.005; Applied English and French lan-
guage r.(10) = .817, p.=.00L.
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Figure 10a: Percentage of Ontario Grade 9 Academic and Applied
students at or above the provincial standard
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Figure 10b: Percentage of Ontario Grade 9 Academic and Applied
students at or above the provincial standard, by language group
100%

80%

60%

W"."'l“‘lll‘i
40%
W Grade 9 Academic English language

= Grade 9 Academic French language
= Grade 9 Applied English language
20% == Grade 9 Applied French language

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
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to exceptional circumstances in 2015 replaced with imputed values (multivatiate normal method).

Source: Ontario Education Quality and Accountability Office (FQAO) and authors' calculations.

Ontario’s internal Grade 9 results do not conform to the international and national
results discussed earlier. In the PISA data, Ontario experienced an overall 2.5 percent
decline in average mathematics test scores among 15 year olds over the 2009 to 2018
period, while the weighted average of students achieving or exceeding the provincial
standard in Grade 9 Academic and Applied courses over the same period increased by
15 percent. We ought to be careful not to infer too much from this discrepancy. Ontario’s
own assessments are based on the distribution of students” marks across and within the
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categories of not meeting and at or above the provincial standard. If the increase in the
proportion of students meeting or exceeding the standard in a test year comes from the
inclusion of students who would probably have fallen slightly below the standard in previ-
ous years, any increase in measured scores would be relatively small. To complicate mat-
ters further, all students selected through PISA’s sampling procedures will normally sit the
test, regardless of their enrolment in Academic or Applied courses. Moreover, Ontario’s
policy of charging fees for student assessment participants in independent (non-public)
schools excludes an unknown proportion of Grade 9 students from the EQAO results.
Finally, as discussed more generally when comparing PISA and PCAP outcomes, the
goals and philosophy of Ontario’s secondary level mathematics curriculum are likely not
tully compatible with those of PISA, so that gains on the provincial assessments will not
necessarily be accompanied by similar gains in the PISA data. In this respect, Ontario’s
impeding abandonment of Grade 9 streaming will include a curriculum review which
will provide opportunities to better harmonize the program of studies to the PISA frame-
work, if considered desirable.

In sum, the outcomes of the criterion-referenced EQAO and item-scored PISA
tests are not commensurable and we must be prepared to make appropriate allowances
when comparing results. In this case, it would not be unreasonable to interpret the PISA
Grade 10 and EQAO Grade 9 data as reflecting largely stable to somewhat positive math
performance by Ontario lower secondary level students over comparable time periods.
This interpretation conforms to the Grade 8 PCAP results, as does the superior perform-
ance of French language students.

The elementary level EQAO results largely match the Grade 4 TIMSS data, with
some reservations. The TIMSS results span the 2003 to 2015 period in four-year steps,
while EQAO data provides annual coverage from 2008 to 2019. The first three Grade 4
data points in the TIMSS results show essentially flat performance with a slight non-
statistically significant variation from 2003 to 2011, followed by a small but again non-
significant drop from 2011 to 2015. This compares to essentially stable English language
Grade 3 EQAO results from 2008 to 2011, followed by small, slightly accelerating, declines
thereafter resulting in a statistically significant decline over the full 2008 to 2019 per-
iod. The trajectory of the EQAO English language Grade 6 results is similar, but more
pronounced. Bearing in mind the difficulties in comparing criterion-referenced pro-
portions with standardized scores, both data sets can be interpreted as showing largely
steady performance over comparable years, with declines becoming more evident in
the more recent EQAO data. The soon to be published TIMMS 2019 results loom large
at this point. If they reveal a continuing decline in Grade 4 scores to match the decreas-
ing proportions of Grade 3 and 6 students achieving the EQAO standard, this will not
only support this trend, the TIMMS data may also provide independent support for a
statistically significant decline in Ontario’s elementary math scores since 2011. As noted
at the outset, Ontario has already committed to a revised program of studies in math as
aresult of concern over the declining EQAO results (Ontario, 2019).
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Alberta

Alberta Education administers Provincial Achievement Tests (PATs) in mathematics in
Grades 6 and 9. As summarized in the Appendix, results show mild declines in achieve-
ment over the 2011 to 2019 period. As illustrated in figure 11a, the score trajectory for
Grade 6 students at the acceptable standard was flat over 2011 to 2019 period with a
minor decline and temporary drop in 2016 and 2017 respectively. Grade 9 scores suf-
fered a more marked drop in 2018 and 2019, tracing an increasingly negative trajectory
overall. As summarized in the Appendix, while 76 percent of Grade 9 students met the
provincial standard in 2016 only 67 percent did so in 2019, for a percentage decline 0f10.7.

Results from Alberta’s Grade 12 diploma exams are more volatile. The M30-1 exam
focuses on course content intended to prepare students for university level studies in
mathematics-intensive programs requiring calculus, while course content for the M30-2
exam is less demanding. On average across the years summarized in the Appendix, the
M30-1 exam accounted for a 61 percent of Alberta’s Grade 12 math exams. As shown in
figure 11b, the percentage of students achieving the acceptable standard on this exam fol-
lowed a shallow U-shaped trajectory over the period considered, falling from a high of
81 percent in 2013 to a low of 71 percent in 2016, before recovering to 78 percent in 2018
and 2019. Results in the less demanding and less popular M30-2 course followed a posi-
tive but flattening trajectory.

Alberta reports results as the percentage of students achieving the acceptable stan-
dard and those achieving a higher “standard of excellence.” The ratio of students at the
two standards is revealing of overall performance. For example, the percentage of stu-
dents who met the standard of excellence in Grade 6 fell from 20 percent in 2011 to 14
percent in 2017, before recovering to 17 percent in 2019, while overall performance as
measured by students achieving the acceptable standard remained stable. This suggests
that there was a compression at the top of the achievement range where the best stu-
dents continued to outperform the rest but by a declining, and then partially recovering,
margin. In the Grade 9 scores the reverse happens. There is a small overall increase of
2 percentage points in the share of students who met the standard of excellence, while
the proportion of those achieving the expected standard fell by 7 percentage points. This
suggests students at or above the excellent standard are hiding a non-negligible cohort
of students falling just under the cut-off point.

Alberta’s overall scores are largely consistent with the PISA trends reviewed ear-
lier. While Alberta experienced a marked decline in PISA scores, most of this decline (19
out of 38 score points) occurred between 2003 and 2006, with a less precipitous drop
of 13 score points from 2006 to 2012. This more recent, largely stable, pattern reflects
what is observed in the provincial assessments, with the exception of the drop in Grade
9 PAT results in 2017 and 2018.
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Figure 11: Percentage of Alberta students at the acceptable standard
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British Columbia

The Foundation Skills Assessment (FSA) administered by the Ministry of Education pro-
vides an annual assessment of numeracy skills in Grades 4 and 7. Recent changes have
made results from 2018 onward less than fully comparable with those from earlier years,
limiting the summary results considered in the Appendix to the 2008 to 2017 period,
although subsequent years are included in the B.C. graphs below for illustrative purposes.
As summarized in the Appendix and shown in figure 12a, Grade 4 results hovered around
77 percent of students meeting or exceeding expectations, touching highs of 80 percent
in 2012 and again 2016 before dropping to 77 percent in 2017, for a flat score trajectory
overall. Grade 7 results experienced a two step decline from 77 percent at or above the
provincial standard in 2008, to 73 percent in 2012, followed by a partial rebound before
further decline to a low of 72 percent in 2017, yielding a statistically significant nega-
tive, but flattening, score trajectory. The Appendix also summarizes results for British
Columbia’s now discontinued Grade 10 Foundations of Mathematics and Pre-Calculus
provincial examination, [ 18] where scores followed a flat trajectory with minor variation
around the mean.

British Columbia also reports FSA results as average scores, as plotted in figure 12b,
which illustrates important differences from the categorical data in figure 12a. Once a stu-
dent has been assigned to a category by falling above or below a predetermined achieve-
ment criterion, we are prevented from telling how far from that benchmark he or she is.
When applied to large numbers of students, we cannot tell how students are distributed
below or above the set criteria. Thus, it could be that a high proportion of students are
clustered just below the cut-off point, are spread out more widely below that point, or
follow some other distribution. Plotting average scores as in figure 12b helps address this
limitation by showing the numbers of students at more discrete, equally scaled achieve-
ment levels. As aresult, the initial decline, recovery, and then shallower decline of Grade
7 2008 to 2017 results noted above are cast into sharper relief in figure 12b, as are the
annual variations in Grade 4 scores. Including the adjusted average scores for 2018 and
2019 in figure 12b also modifies the picture to suggest more of a continual decline for
Grade 4 scores and a partial recovery for Grade 7.

British Columbia reports FSA results for public and independent (private) schools.
Asshown in figures 13a and 13b there are substantial differences between average student
marks in the two types of school at both grades. On average over the 2008 to 2019 period,
students in independent schools outperformed students in public schools by 69 score
points in Grade 4 and 68 score points in Grade 7. Over this period, the Grade 4 public
school average fell by 9 points, but increased by 10 points in independent schools. There
was a similar pattern in the Grade 7 results as shown in figure 13b, the average Grade 7
score in public schools falling by 11 score points, but increasing by a more modest 3 score
points in independent schools.

(18] The most popular of the four Grade 10 math exams over the 2011/16 period, accounting for 82
percent of reported marks.
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Figure 12a: Percentage of Grade 4 and 7 British Columbia students
meeting or exceeding expectations in numeracy
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Figure 13: Numeracy scores in British Columbia, independent and public schools
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Annual differences between the average scores in both kinds of schools are graphed
in figure 13c, showing a steady increase in the achievement gap between students in these
schools in both grades. This implies public schools are falling behind independent schools
in effectively teaching math as measured on these tests. This further suggests the overall
Grade 7 decline reported in the Appendix and shown in figure 12b is primarily attribut-
able to public rather than independent schools. These are important findings because
they show the relatively higher achievements levels in independent schools moderating
downward trends in math scores and boosting overall provincial performance.

Similar patterns may be present in other provinces. Summary results for Quebec’s
Ministerial Secondary V examinations in all subjects [19] over the 2007 to 2011 period,
for instance, showed an average seven percent point advantage for independent schools
(Quebec, 2012: Table 2). No comparable data are available for Ontario where, with the
exception of the Grade 10 literacy test, independent schools are not required to partici-
pate in the EQAO assessments and the policy of charging independent schools a per-
student participation fee deters many from doing so.

[19] Mathematics was not included in this set of subjects, which focus on Language at this level.
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Conclusion

On balance, there are good reasons to conclude that mathematical proficiency among
Canadian students is in decline. Care has to be taken in drawing inferences from the avail-
able assessments of mathematical achievement, yet a largely consistent picture emer-
ges from the preceding analysis. Results from multiple sources show Quebec Grade
8 and Grade 10 students consistently outperforming those in all other provinces over
the past decade and more. Ontario, Alberta, and British Columbia collectively occupy
a broadly defined second place in the Grade 10 Programme for International Student
Assessment (PISA) results, with British Columbia occupying a lower rank in results from
the Grade 8 Pan-Canadian Assessment Program (PCAP). Quebec’s continuing promin-
ence rests on stable or increasing scores in comparison to declines elsewhere. Alberta
and British Columbia placed above or around the national average in earlier PISA results,
but scores in both provinces subsequently declined markedly. Ontario Grade 10 PISA
scores declined less steeply than those in Alberta or British Columbia, while Ontario’s
Grade 8 PCAP scores remained stable. Scores in the Atlantic and remaining prairie prov-
inces have remained below the Canadian average on both measures, with a more volatile
and promising performance record from Prince Edward Island. With the exception of
contrary PCAP results discussed below, the overall pattern is one of a disturbing decline
in secondary and middle school measures of math achievement. Canada is not alone in
this respect, the most recent PISA data revealing widespread declines in secondary level
math scores across OECD countries.

Declining scores have lowered Canada’s international standing from fifth place
overall in the 2003 PISA rankings, to twelfth place in the most recent 2018 results. This
decline has been accentuated by the rise of Asian jurisdictions in recent assessments.
Even so, Canada still scores well above the OECD average and ranks second behind Japan
among G7 countries. Given the pattern of declining provincial scores this credible stand-
ing is largely attributable to Quebec’s contribution to the national score.

Trends in math performance in elementary grades are less clear due to a lack of
comparable data. Results from the sole admissible but limited international data source
(TIMSS) conform to the secondary and middle grade rankings, with Grade 4 students in
Quebec significantly outperforming those in Ontario, who outperformed those in Alberta.

Results from the many provincially designed and administered assessments and
examinations cannot be compared with each other, but internal trends in these results
paint a generally complementary picture. Secondary level exam results follow either
positive trajectories in Quebec, Alberta, and P.E.I., or flat trajectories in the remain-
ing five provinces for which data were available. Middle grade test results have positive
trajectories in Ontario and Manitoba, negative trajectories in Alberta, British Columbia
and Newfoundland and Labrador, or remain flat in P.E.I. and Nova Scotia. Elementary
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score trajectories are also flat in five of the seven provinces with useable data, negative
in Ontario, and positive in Manitoba.

A discordant note is struck by trends in provincial results from the Grade 8 Pan-
Canadian Assessment Program, Canada’s only home-designed national assessment. Math
scores in all provinces except Ontario increased significantly over the three PCAP cycles
from 2010 to 2016, while PISA scores declined. This appears attributable to differences
between the design and purposes of PCAP and PISA, with the Canadian assessment
aimed at measuring the performance of middle school students against common prov-
incial curriculum expectations, and PISA seeking to assess the mathematical literacy of
lower secondary school students within an international framework. Relative provincial
standings are nevertheless similar on both measures, with Quebec consistently and sig-
nificantly outperforming all other provinces, followed by Ontario and Alberta.

The contrary trends in the PCAP and international measures are disturbing,
prompting the question of whether the current design and purpose of PCAP should
be reconsidered. The improving performance of Grade 8 students in the current PCAP
framework distracts from contrary trends in both international and some provincial
assessments. Given that all provinces have their own assessment programs for mathemat-
ics (and other subjects), policy makers, teachers and parents could be better served by a
more independent national assessment program informed by the broader standards used
in international assessments. Key issues to be considered are the conceptual frame within
which student performance is assessed, and the grade levels at which the assessments are
conducted. A framework that complements, augments and extends provincial curriculum
expectations by incorporating elements of the mathematical literacy approach adopted
by PISA would have much to commend it. Continued assessment of Grade 8 students
would also appear sensible, with the possible addition of Grade 4 students to provide a
desirable estimate of developing proficiency at a crucial earlier age. Ideally, such a revised
and extended assessment program would be conducted annually, or at least biennially.

Investing in a domestically developed and independently administered program
of large scale mathematics assessment, solidly grounded in internationally anchored
standards rather than those in provincial curriculum documents, would benefit teach-
ers and parents, while providing policy makers with more widely based progress meas-
ures, especially as the provinces already have their own assessment programs geared to
their curricula. More widely based assessment programs in other subjects would also
be desirable, but the need for strong, reliable, and robustly comparative measures of
mathematical proficiency among school students is preeminent given the importance
of mathematical reasoning and application in modern economies.
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Appendix

Overview of provincial mathematics assessments
with selected trend indicators

The overview table below summarizes current math assessments in each province with
selected results and trend estimates. Provinces are ordered alphabetically. The criterion
column indicates the measurement standard used for the assessment data on the appro-
priate row. Progress assessments typically use categorically based measures expressed
as the percentage of students at a predetermined standard of achievement. The declared
standard of achievement sets the milepost which students are expected to have reached
or exceeded by that year. Those who meet this standard are considered to be on pace with
curriculum expectations. The sum of those who meet and exceed the expected standard
relative to the sum of all students is taken to approximate mathematical performance.
Even ifachievement standards in different provinces could be accepted as comparable, the
consequent categorical classification of student performance into the categories of ‘does
not meet the standard, ‘meets the standard, and/or ‘exceeds expected standard’ is not
well suited for comparison, as it does not tell us the true cardinal performance distances.

The table presents results for the most recent year available when compiled, for
three years earlier, and for an earlier year determined by the data available. Where a
(year) appears in a results cell that is the actual year for that specific result, overriding
the year shown in the column heading. The three year and longer year spans shown in
the table were used to calculate the Short Term (ST%A) and Longer Term (LT%A)
percentage change statistics in the adjacent columns. The penultimate column reports
the B(1) regression coefficient (Beta value) for the slope of the best fit linear trend line
through the yearly results in the Long Term dataset, providing an estimate of the rate of
score changes over time. Positive or negative values show the direction of change and the
coefficient the estimated annual rate of change, bolded values indicating a high probabil-
ity (p. < .05) that the rate of change is different from zero. This form of trend estimation
draws on the approach adopted to analyze national trends in PISA data (OECD, 2019a:
Annex A7). The final column describes score trends using one of the nine PISA trajectory
descriptors (OECD, 2019a: 133 ) used in the main text. Trajectories were decided with
reference to the trend indicators shown and line plots of longer-term assessment results.

The table summarizes results and score trends for 36 different provincial math
assessments. [20] Seven of these coincide with grade levels at which math performance
is measured in the international and national assessments reviewed in the main text. Three

[20] This is not intended as a definitive inventory as several culminating exams with low numbers of
candidates in some provinces have been omitted in favour of exams with more participants. Several

progress assessments that were discontinued during the years considered are also not included.
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of these are not comparable, as British Columbia, New Brunswick, and Nova Scotia did not
participate in the Grade 4 TIMSS assessments. Of the remaining four sets of comparable
data points, Nova Scotia’s Grade 8 and 10 PLANS assessments coincide with the PCAP
and PISA assessments respectively, and British Columbia’s now discontinued Grade 10
math exams and New Brunswick’s new Grade 10 math assessment also coincide with PISA.

Trends for these directly comparable measures do not agree. Nova Scotia’s Grade
8 PCAP results followed a steadily positive trajectory, while results from the prov-
ince’s internal assessments were classified as flat. Results from Nova Scotia’s and British
Columbia’s Grade 10 exams are classified as flat, while both provinces’ PISA trajectories
were negative. The two Grade 10 results available for New Brunswick do not allow for
trend estimates to compare with the province’s steadily negative PISA trajectory.

The grades in table 5 divide into 13 Elementary level assessments (Grades 3 to 6),
8 Junior/ Intermediate level assessments (Grades 7 to 9), and 15 Secondary level assess-
ments (Grades 10 to 12). All the secondary level assessments are cumulative examina-
tions. Discounting the Grade 10 New Brunswick assessment for which there is currently
insufficient data to estimate trends, results from 7 of the admissible 14 secondary level
assessments have flat score trajectories (BC, MB, NL, NS, SKx3). In the remaining seven
secondary level assessments, there are three positive flattening trajectories (AB, PE, QC),
three steadily positive (PE, QCx2) and one U-shaped (AB). The U shaped and positive
trajectories are concentrated in Alberta, Prince Edward Island, and Quebec. Alberta and
Quebec were among the three highest scoring provinces in the 2018 PISA results, with
Quebec outperforming all provinces. This is supported by the positive internal trends for
all three of the Quebec secondary level assessments. Ontario, the second highest scor-
ing province on PISA18, does not have comparable secondary level provincial results.

Three provinces with Junior/Intermediate grade assessments were classified as
having negative score trajectories (AB, BC, NL), two positive trajectories (ONx2, MB)
and two flat trajectories (NS, PE). As discussed in the main text, the Ontario results are
weighted averages for students in Academic and Applied courses in both English and
French language schools. Both of these Ontario Grade 9 results have statistically signifi-
cant positive regression coefficients, as do Manitoba’s Grade 7 numeracy scores. Manitoba
is the only province with a positive Junior/Intermediate internal score trajectory and a
positive PCAP Grade 8 trajectory.

Manitoba is also the only province with a positive internal score trajectory at the
Elementary level (Grade 3). Alberta and British Columbia had flat score trajectories for
Grade 6 and 4 respectively. The remaining four provinces with admissible data assess
math performance at two grades within the Elementary level. Nova Scotia has flat score
trajectories for both Grades 4 and 6, and Newfoundland and Labrador a flat trajectory
for Grade 3 and a hump-shaped trajectory for Grade 6, while Prince Edward Island has
an increasingly positive trajectory in Grade 3 and a flat trajectory in Grade 6. Ontario’s
Grade 3 and 6 math assessments both have statistically significant negative score trajec-
tories. Ontario’s Grade 4 TIMSS trajectory was classified as flat, with small score varia-
tions over the 12-year period considered (table 3, figure 4).
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Table A1: Overview of provincial mathematics assessment programs with selected trend

indicators
Criterion Assessment year Score difference Trajectory
Alberta 2011 2016 2019 | LT%A ST%A  LTB
Grade 6 PAT 812 767 798 [-1.7% 4.0% -0.352 | Flat
Grade 9 PAT 739 755 674 |-88% -10.7% -0.793 | Increasingly negative
% acceptable
Grade 12 Math 30-1 exam standard (28%13) 707 778 |-3.8% 10.0% -0.247 | U shaped
Grade 12 Math 30-2 exam (2013) 754 765 |101% 15% 0561 | Positive flattening
British Columbia 2008 2014 2017 | LT%A ST%A LTB
Grade 4 FSA % meeting 767 789 774 | 09% -19% 0.002 | Flat
or exceeding :
Grade 7 FSA expectations 77.3 74.5 722 |-6.6% -3.1% -0.004 Negatlve
Grade 10 FMP C10 Average mark |(2011) (2013) (2018)| 19, 049 0,033 | Flat
Manitoba 2010 2015 2018 | LT%A ST%A LTR
Grade 3 Numeracy 291 344 405 |392% 17.7% 1.022 | Steadily positive
Grade 7 Numeracy % correct 322 378 409 |27.0% 82% 1.166 | Positive flattening
Grade 12 Provincial exam avg. 625 614 599 |-42% -24% -0.374 | Flat
New Brunswick (English) 2018 2019 | LT%A ST%A LT
Grade 4 PMA na na 623
o .
Grade 6 PMA é\/&;‘l)z:ohpi;:: na na 578 Insufficient data
Grade 10 PMA na 645 628
Newfoundland & Labrador 2008 2013 2016 | LT%A ST%A  LTB
Grade 3 756 748 791 | 46% 57% 0234 | Flat
Grade 6 646 669 631 [-23% -57% -0.152 | Hump shaped
% correct (2010) - -
Grade 9 66.4 082 672 | 12% -15% 0186 Increasingly negative
Gr12 M3200 exam 80 78 77 |-3.8% -1.3% -0.233 | Flat
Nova Scotia 2014 2016* 2019 | LT%A ST%A  LTB
Grade 4 PLANS 74 76 2071 41% 13% 09 | Flat
% at or above
Grade 6 PLANS expectations 73 68 71 |-27% 44% -0.143 | Flat
Grade 8 PLANS 57 62 57 0.0% -81% -0.049 | Flat
Grade 10 Exam %correct  |P015) 71 70 | 45% -14% 06 | Flat
Ontario 2008 2016 2019 | LT%A ST%A LTR
Grade 3 (Eng & Fr) 68 64 59 [-13.2% -7.8% -0.009 | Increasingly negative
o .
Grade 6 (Eng & Fr) g‘; ?x?:%tgc]i?ng 62 52 50 [-19.4% -3.8% -0.013 | Negative flattening
Grade 9 Academic (Eng & Fr) g{;’r‘]’g‘aﬁﬁ" 75 83 84 |120% 1.2% 0.007 | Positive flattening
Grade 9 Applied (Eng & Fr) 34 45 43 | 26.5% -4.4% 0.008 | Positive flattening

See next page for rest of table A1 and notes.
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Table A1 continued

Criterion Assessment year Score difference Trajectory

Prince Edward Island 2013 2016 2019 | LT%A ST%A  LTB
Grade 3 65 61 76 |16.9% 246% -04 Increasingly positive
Grade 6 % meeting 56 77 73 |304% -52% 2429 | Flat

expectations
Grade 9 64 69 69 78% 0.0% 1.75 | Flat
Grade 11 Academic Average (2&1_)5) 60 605 [10.0% 0.8% 1.55 | Positive flattening
Grade 11 Pre Calculus score (%%%g) 66 745 | 231% 12.9% 3.55 | Steadily positive
Quebec (Ministerial exam) 2012 2015 2018 | LT%A ST%A  LTB
Math 3414 (Fr & Eng) 615 628 691 |124% 10.0% 1.247 | Steadily positive
Math 5426 (Fr & Eng) égg::ge 745 792 78 | 47% -15% 0.461 | Positive flattening
Math 4426 (Fr & Eng) 658 704 77 |17.0% 9.4% 1.554 | Steadily positive
Saskatchewan (G12 exams) 2013 2016 2019 | LT%A ST%A  LTB
Work & apprentice 30 Department 69.8 69.7 689 [-1.3% -11% 0.066 | Flat
Math Foundations 30 ggg'lggee‘iam 677 686 679 | 0.3% -1.0% 0 | Flat
Pre-Calculus 30 mark 69.4 691 691 |-04% 0.0% -0.048 | Flat

Notes: * 2016 designated baseline year in the new Program of Learning Assessment for Nova Scotia.

Years shown are the latest in the academic pair, so that 2018 corresponds to 2017/18,

Years in brackets before values in cells override the year shown in the column heading.

Bolded Beta weights p.<05

Source: Names and data collected from provincial websites.
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