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Abstract 
 

This 10-minute presentation briefly introduces some of the concerns about 
science, mathematics, and reading achievement across and within the confederation of 10 
provinces and 3 territories using PISA, national, and provincial/territorial test results for 
Canada—a reasonably high- and consistent-performing country (Canadian students’ 
achievements on two full cycles of PISA surveys [2000–2006, 2009–2015] have been 
above the OECD averages). Canada is a diverse collection of peoples, governments, 
school organizations, and science education systems without a federal ministry of 
education; education is controlled by provincial/territorial authorities (Milford, et al., 
2010; Milford & Tippett, in progress). These results and other literature will be used to 
illustrate and explore potential concerns with STEM (science, technology, engineering, 
and mathematics) as an integrative and synergetic construct, define the ideas of S, T/E 
and M literacies, and address some of the pragmatics and implementation issues for these 
ideas in classrooms to enhance “all” students’ achievement, citizen engagement, and 
career opportunities (Yore, 2011, 2012). The achievement and participation gaps and 
potential resolutions will be illustrated using data from and secondary analyses of the first 
cycle of PISA (2000–2006; Anderson, Chiu, & Yore, 2010) surveys, Canada-wide and 
British Columbia (BC) tests, the recently released 2015 PISA survey (Schleicher, 2017), 
promising STEM programs and other efforts regarding native indigenous (First Nations, 
Metis, and Inuit) students (Yore et al., 2014). Clearly, these primary and secondary 
analyses can and should be used to support education policy and curriculum reform 
(Yore, Anderson & Chiu, 2010). 
 
Science, Mathematics, and Technology/Engineering Literacy  

Science literacy, mathematics literacy (rather than numeracy), and 
technology/engineering literacy have been the focus of many scholars and curriculum 
projects over the last six decades (1958–2017). Unfortunately, there is a lack of 
consensus on what these constructs mean; some definitions focused strictly on knowledge 
of the discipline (facts, concepts, principles, procedures) while others focused on being 
literate in the disciplinary enterprise (science processes, science and engineering 
practices, problem solving, inquiry, design, communication, argumentation, etc.), and still 
others focused on engagement in the public debate about social scientific or science, 
technology, society, and environment issues to establish justified and sustainable 
solutions. Yore (2008, 2011, & 2012) has promoted an interactive 3-component 
framework for disciplinary literacies that involves knowledge about the discipline, 
fundamental abilities within the discipline, and application of the knowledge and abilities 
to engage complex and multidiscipline-related problems. This framework emphasizes the 
nature of the discipline; epistemic and ontological attributes of the discipline; major 
concepts, principles and theories, and language practices and meta-language used to do 
and learn the disciplines; and disciplinary practices, attitudes, values, and beliefs 
associated with the discipline. The new framework for science education in the USA 



(NRC, 2012) captures some of these critical features but does not adequately emphasize 
the literacy and nature of the discipline features sufficiently. 
 
Science, Mathematics, and Reading Achievement in Canada 

Yore and his colleagues (2014) summarized the cultural/ethnic diversity, 
differences in school organization and curricula, and achievement patterns and potential 
achievement gaps found in Canada using the 2000–2009 PISA results, nation-wide Pan-
Canadian Assessment Program (PCAP) tests, BC Foundation Skills Assessment (FSA) 
tests, and participation/provincial examinations/course grades to provide international, 
national, and provincial perspectives. They suggested that these performance data require 
secondary analyses and qualitative syntheses to get beyond the “bragging rights based on 
the league tables” to more clearly identify potential gaps and related influences. Such 
results flowing from the reading, mathematics, and science data for any given 
administration of PISA show reasonably high correlations between the three domains 
(0.75–0.88) that indicate 56–77% shared variance and potentially support the language 
component in mathematics literacy and science literacy (Yore, 2011, 2012) and 
reasonably low school-level variance of ~20% (0.16–0.26), indicating that schools are 
reasonably small influences (OECD school-level variances of 6% for Iceland and 63% 
for The Netherlands) compared to student variables in the Canadian context. Analyses of 
the 2007 PCAP reading, science, and mathematics achievement data on 13-year-old 
students from across ten provinces and the Yukon Territory in Canada (Northwest 
Territories and Nunavut did not participate) revealed national perspectives and gaps in 
reading favoring females and in reading, science, and mathematics favoring non-
indigenous-status students with variation in magnitude and direction across the 
jurisdictions. These authors used the BC data to drill down into the performance patterns 
to clarify the potential gaps.  

The Fraser Institute, a conservative public policy think tank, used the FSA data to 
rank elementary schools and the provincial examination and graduation data to rank 
secondary schools. The Fraser Institute reported that urban elementary schools 
outperformed their rural counterparts and that private secondary schools outperformed 
public secondary schools. These results need to consider the earlier finding that the 
school-level variable only accounted for ~20% of the variability in the Canadian context. 
Secondary analyses of the FSA data for Grades 4 and 7 revealed gender and indigenous 
(First Nations, Metis, and Inuit) status differences in reading, writing, and mathematics 
performance favoring females and non-indigenous students. Analyses of course grade 
results for Grades 10, 11, and 12 revealed consistent achievement gaps (2.3–28.1%) 
favoring non-indigenous students. The achievement gaps for indigenous students in 
mathematics seem to be the most critical in terms of gatekeeping barriers to advanced 
studies in science, technology, and engineering. More recent information and results are 
available for these assessments as follows: 
• 2015 PISA (https://www.oecd.org/pisa/pisa-2015-results-in-focus.pdf) 
• PCAP (http://www.cmec.ca/507/Programs-and-Initiatives/Assessment/Pan-Canadian-

Assessment-Program-(PCAP)/PCAP-2016/index.html). Also see O’Grady & Houme, 
(2014). 
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• 2016 FSA tests (http://www2.gov.bc.ca/gov/content/education-
training/administration/kindergarten-to-grade-12/assessment/foundation-skills-
assessment) 

 The 2015 PISA emphasized science—“The ability to engage with science-related 
issues, and with the ideas of science, as a reflective citizen”—over mathematics and 
reading. This version of PISA science involved competencies (explaining phenomena 
scientifically, evaluating and designing scientific inquiries, interpreting data and evidence 
scientifically), knowledge (content knowledge, knowledge of methodological procedures 
used in science, knowledge of the epistemic reasons and ideas used by scientists to justify 
their claims), attitudes (attitudes to science, scientific attitudes), and contextual 
information from students, parents, and schools.  

Based on the 2015 results, Canada continues to perform well internationally in 
reading and mathematics and reasonably well in science (O’Grady, Deussing, Aserbina, 
Fung, & Muhe, 2016). Canadian students scored well above the OECD average and were 
outperformed by students in only one country in reading and six countries in science and 
mathematics among the 72 countries that participated, which sounds good but only tells 
part of the story. When provinces are considered as individual participating entities, 
students from all ten provinces (the three territories did not participate in PISA) 
performed above the OECD average in science and in reading while students from all 
provinces except Manitoba, Newfoundland and Labrador, and Saskatchewan performed 
about the OECD average in mathematics; this starts to reveal some of the achievement 
gaps. Higher percentages of participants demonstrated high and acceptable performance 
levels: Canada Levels 5–6 of 12% compared to OECD 8%, Canada Levels 2–6 of 89% 
compared to OECD 79%; but 11% demonstrated an unacceptable level of performance—
further signs of potential achievement gaps. Variation in performance across provinces in 
Levels 5–6 were found: Alberta (16%), BC (15%), Québec (13%), and Ontario (12%); 
Nova Scotia, Prince Edward Island, New Brunswick, Newfoundland and Labrador, 
Manitoba, and Saskatchewan (6–10% range in these levels). Differences between the 10th 
and 90th percentiles revealed noticeable performance gaps of 223 to 246 points, which are 
all less than the OECD difference of 247 points (O’Grady et al., 2016, p. 24). Variation 
was also found across students with different languages (Canada is a bilingual country 
with two official languages—French and English): No significant difference between 
averages for the two language systems in Canada overall or in New Brunswick and BC, 
but significant differences were found in all other provinces between the Anglophone and 
Francophone students favoring the majority language students with some variation for 
specific competencies and discipline areas. 

Variation in mathematics performance across provinces in the 2015 PISA results 
revealed that Québec (544) and BC (522) performed above the Canadian average, while 
Alberta (511), Ontario (509), Prince Edward Island (499), Nova Scotia (497), New 
Brunswick (493), Manitoba (489), Newfoundland and Labrador (486), and Saskatchewan 
(484) performed below the Canadian average. Variation in mathematics performance has 
been demonstrated over time: After a significant decline between 2003 and 2012, the 
performance of Canadian students in mathematics remained stable across the provinces 
for 2012–2015 with the exceptions that performance improved significantly in Prince 
Edward Island and decreased significantly in Saskatchewan over the 2012–2015 period. 
Variations in mathematics across dominant/majority language revealed that Canadian 
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students in the Francophone school systems (542) outperformed their peers in the 
Anglophone school systems (509) by 34 points. However, across the seven provinces 
with reasonable student samples from Anglophone and Francophone school systems, 
only Québec with a 44-point difference and New Brunswick with a 17-point difference 
revealed significant language effects favoring students from Francophone systems. 
Variation in mathematics achievement across genders revealed that boys outperformed 
girls in mathematics by 9 points and that significant gender gaps favoring boys were 
observed in Newfoundland and Labrador, Québec, Ontario, Alberta, and BC, with no 
significant gender differences in mathematics observed in the remaining five provinces.  

Variation in reading performance across the provinces was found: BC (1st overall, 
536) followed by Alberta (533), Québec (532), and Ontario (527) above or tied with the 
Canada average (527) and followed by Nova Scotia (517), Prince Edward Island (515), 
New Brunswick (505), Newfoundland and Labrador (505), Manitoba (498), and 
Saskatchewan (496). Variation across dominant/majority language: The differences in 
reading performances between students in the Anglophone and Francophone school 
systems with reasonable samples (Nova Scotia, New Brunswick, Québec, Ontario, 
Manitoba, Alberta, BC) were not statistically significant. However, across the provinces, 
students in the majority-language school systems outperformed their peers in the 
minority-language school systems in four (Nova Scotia, 57 points; Ontario, 54 points; 
Manitoba, 40 points; Alberta, 46 points) of the seven provinces. The differences between 
systems varied from 40 points in Manitoba to 57 points in Nova Scotia. Variation in 
reading performance across male-female achievement: Girls across OECD countries 
outperformed boys in reading by 27 points, while in Canada this significant difference 
was 26 points. The significant gender gaps favoring girls ranged from 18 points in 
Newfoundland and Labrador to 36 points in Prince Edward Island. Variation in reading 
performance over time: In Canada, as well as across the OECD countries, reading 
performances remained reasonably stable between 2009 and 2015, with the exception that 
reading performance improved significantly in Prince Edward Island. 
 
Secondary Analyses—Insights into Addressing Achievement Gaps 

Recent results for secondary analyses of 2015 PISA data (A. Schleicher, Director 
of Education and Skills, OECD, Keynote Address—Strong Performers and Successful 
Reformers in Science Education, NARST, San Antonio, TX, April 23, 2017) revealed:  
1. Science Achievement, Equity, Poverty, Epistemic Beliefs, and Career 
Expectations 

1A. Large spread of countries and their students’ science performance across 
measures of equity, with countries of highest performance and equity including 
Macao, Hong Kong, Japan, Finland, Vietnam, Canada, Korea, Australia, United 
Kingdom, Denmark, and USA. 
1B. Poverty does not fully dictate science performance (e.g., Poland, Hungary, 
Croatia, etc.). Schools spending greater than $60,000/student in elementary school 
(age 6–15 years) makes little difference on science achievement. 
1C. The “very sweet” spot—the intersection of above-average performance, 
epistemic beliefs, and career expectations: Singapore, Canada, Slovenia, Australia, 
United Kingdom, Ireland, and Portugal. 
1D. The three “sweet” spots: 



1D1. The intersection of above-average performance but below-average epistemic 
beliefs and career expectations: Japan, Estonia, Finland, Macao, Vietnam, 
Chinese City-States, Korea, Germany, The Netherlands, Switzerland, Belgium, 
and Poland. 
1D2. The intersection of above-average epistemic beliefs but below-average 
performance and career expectation: Sweden, Lithuania, Croatia, Georgia, and 
Malta. 
1D3. The intersection of above-average career expectation but below-average 
epistemic beliefs and performance: 16 participating countries (Brazil, Bulgaria, 
Costa Rica … Tunisia, and Turkey). 

2. Impact-Feasibility Relationships 
2A. High impact: Low feasibility (capacity at point of delivery, coherence), Middle 
feasibility (commitment to universal achievement, learning system), and High 
feasibility (resources where they yield most, incentive structures, and accountability). 
2B. Low impact: Low feasibility (none), Middle feasibility (none), and High 
feasibility (gateways, instructional systems—ambitious goals, well-established 
delivery chain, and metacognitive content of instruction). 

3. Enjoyment of Science and Science Career Expectations 
3A. Direct relationship in the 2015 PISA results—High enjoyment of science 
associated with high science career expectation and low enjoyment of science 
associated with low science career expectation. 

4. Student Anxieties and Tension 
4A. Avoiding test anxiety and stress/tension—Supportive teachers and adapted 
instruction to address students’ needs. 

5. Gender Difference within Performance Groups 
5A. Males outperform females in the top performance group. 
5B. Females outperform males in the bottom performance group. 

6. Achievement Returns on Invested Study Time (ROIST) 
6A. Negative ROIST—Making study time productive in terms of time, place, and 
resources (flipped classroom, type of assignments, preparation for effective 
independent study, involvement of family deliberations on relevant issues, etc.) 

7. Relationships between Instruction, Learning Strategies, and Type of Learning 
7A. Memorization is less productive as problems engaged become more difficult and 
complex. 
7B. Control strategies are less productive as problems engaged become more 
difficult and complex. 
7C. Elaboration is more productive as problems become more difficult. 
7D. Student-centered instruction leads to better engagement and views of science 
careers, while teacher-directed instruction leads to better achievement. 

 
Promising Approaches to Achievement Gaps within Indigenous Students 
 Residential schools from the 19th and 20th centuries in Canada have had lasting 
and significant negative effects on generations of indigenous students’ trust, engagement, 
and participation in education systems across the country long after the last residential 
school closed. The Truth and Reconciliation Commission (TRC) of Canada was formed 
in 2008 and was charged to document and seek reconciliation and resolutions for the 



devastating effects on native peoples’ cultures, languages, governance, identities, 
socioeconomic wellbeing, health, and ways of life. Honouring the Truth, Reconciling for 
the Future—Summary of the Final Report (TRC, 2015) outlines the history, legacy, 
challenges, and calls to action regarding these effects. The TRC recommended specific 
calls for actions regarding education involving indigenous language, culture, identity and 
contributions, knowledge and wisdom about nature and naturally occurring events, 
culturally-appropriate teacher preparation, curricula and teaching methods, school 
funding, administrative structures, and related education research. Likely, the most 
important effect of the TRC has been the re-engagement of contemporary elders of the 
native peoples’ governments in science, technology, and education; numerous Chiefs and 
Elders are now advocating for schools and education. 
 It is critical to realize the lack of participation of indigenous students in science 
and mathematics is the first challenge that must be addressed before the achievement 
gaps can be resolved. Yore et al. (2014) identified a few cases of innovative science 
education programs and school district efforts that have led to enhanced engagement and 
graduation rates of indigenous students in British Columbia, but more cases need to be 
documented and cross-case syntheses of these efforts and outcomes need to be conducted 
to identify critical features of effective programs (e.g., local knowledge and wisdom, 
relevant examples and applications, cultural languages, values and beliefs, culturally 
responsive and appropriate curriculum and instruction, etc.). Currently, postsecondary 
institutions have active programs to recruit indigenous students in science, technology, 
engineering, and mathematics; unfortunately, the pool of qualified indigenous high school 
graduates with prerequisites and inclinations to enter and succeed in university/college 
STEM programs is extremely limited. This gap needs to be addressed with programs in 
elementary, middle, and secondary schools and in informal learning environments to 
grow the number of interested and qualified indigenous females and males in the STEM 
pool. Furthermore, universities/colleges need to adapt their programs and support systems 
to prepare these indigenous students for success. 
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