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Biology programs across Canada: 
A report of the CCUBC Curriculum Taskforce 

Members: Aarthi Ashok (University of Toronto, Scarborough), Torsten Bernhardt (McGill University), Rosa da 
Silva (McMaster University), Kevin Scott (University of Manitoba), Jennifer Peter (Western University), Elizabeth 
Welsh (Dalhousie University). 

Report Authors: This report was prepared by Aarthi Ashok (University of Toronto, Scarborough), Jennifer Peter 
(Western University) and Elizabeth Welsh (Dalhousie University).  

Goals: 
• Propose a nation-wide curriculum template for Biology programs across Canada.
• Identify essential courses, transferable skills, and learning outcomes that could inform the evolution of

curricula at individual Canadian universities.

Methods: 
• In 2018, the taskforce surveyed a stratified sample of universities across Canada (by province and

undergraduate enrollment size). This preliminary data collected by examining university and program
websites was presented at the annual CCUBC meeting in November 2018.

• Following this presentation, we revised and added to the initial set of survey questions and in June of 2019,
we disseminated the survey to the 67 Canadian universities that offered biology programs. We received 38
completed surveys.

• The taskforce also considered all web content for required courses, examined course syllabi for topics
covered in required courses, and examined all program-level learning outcomes (PLO) documents that were
made available to the group (23 institutions provided PLOs).

• The taskforce presented our overall findings at the November 2019 annual CCUBC meeting. Conversations
with Chairs and comments collected at that meeting are also included in this report.

Summary of findings: 

1. Required Biology Courses:
Most programs had the following required courses in Biology:
• Genetics & molecular biology
• Evolution
• Organismal diversity
• Plant biology
• Animal biology
• Cell biology
• Ecology

The number of courses required in each of these sub-disciplines varied. The average numbers are represented 
in Figure 1, which illustrates the main trends in these data. Genetics and Molecular Biology is always 
required, while a course in Plant Biology is required in less than half of the universities that responded.  
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Figure 1. Average number of required Biology courses in Canadian undergraduate biology programs. 

 
2. Topics within required Biology courses: 

The survey asked for information about the main topic areas covered in each of the required Biology courses 
taught. In general, there was significant consensus in terms of the content topic themes discussed in these 
courses; that is, some disciplinary topics were consistently more (population ecology), or less (e.g., systems 
biology and genomics), likely to be covered. The distribution of topics for each of the required courses is in 
Tables 1 -7 below. 

 

 
Table 1: Topics covered in Genetics and/or Molecular biology. 
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Table 2: Topics covered in Evolution. 
 

 
Table 3: Topics covered in Organismal biodiversity. 
 

 
Table 4: Topics covered in Plant biology.  
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Table 5: Topics covered in Animal biology. 
 

 
Table 6: Topics covered in Ecology.  
 

 
Table 7: Topics covered in Cell biology. 
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3. Biology Laboratory Courses: 
Institutions varied in whether labs were required in the following courses as well as whether such required 
courses were standalone dedicated lab courses or were lecture courses that had labs integrated into them.   
• Genetics & Molecular Biology and Cell Biology were most likely to be required dedicated lab courses.  
• Evolution and Ecology were least likely to be required dedicated lab courses.  
• If required, Organismal Diversity, Plant Biology and Animal Biology courses were equally likely to 

either be dedicated lab courses or lecture courses with integrated lab content. 
 

4. Field Courses: 
Very few institutions required field courses in any of the sub-disciplines. Table 8 below shows the list of 
those rare field course requirements.  
 

Sub-discipline  Number of required field courses  
Evolution  0 
Organismal Biology 1  
Plant Biology 1  
Animal Biology 1  
Ecology 4 

      Table 8: The number of required field courses in biology subdisciplines. 
 
5. Complementary courses: 

Most biology programs required complementary courses in cognate departments. Complementary courses 
are listed below from most to least commonly required. The average number of courses within those 
complementary disciplines is provided in brackets.  

 
Introductory Chemistry (1.9) 
Calculus (1.4) 
Physics (1.4) 
Statistics (1.3) 
Organic Chemistry (1.3) 
Biochemistry* (1.1) 
Linear Algebra (0.8) 
“Other” (examples: English, Computer Science, Critical Thinking, Geology) 

*offered in Chemistry departments 
 

6. Transferrable Skills: 
When asked about transferrable skill development for students (defined here as skills and/or knowledge that 
stand separate from yet complementary to disciplinary knowledge and can be applied to a variety of 
contexts, including social, professional, and academic settings), the following themes emerged:  

a. Of the responding institutions, 75% state that they have required standalone statistics courses that 
teach quantitative reasoning. 

b. Many institutions cite lab intensive courses that incorporate significant writing/communication 
instruction. 

c. Teamwork is not an assessed component per se; effective process is assumed but not explicitly 
taught. 

d. Some institutions require unique standalone courses focused on transferable skill development. Some 
examples include:  
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i. BIOL 301-Critical Issues in Biology: 3rd year course at University of Saskatchewan required 
for all Biology program students  

ii. BI296: Communication and Critical Thinking Skills in Biology: 2nd year required course at 
Wilfrid Laurier University  

iii. BIO4920 Seminar I: Evaluating Science and BIO4921 Seminar II: Developing and 
Communicating Science: two required 4th year capstone courses at the University of Ottawa 

 
7. Consensus Biology program template:  

In the template shown in Figure 2, section 1, note that Plant Biology was not a required course in more than 
50% of surveyed institutions. In Section 2, at least two courses in Introductory Chemistry were required by 
almost all surveyed institutions. Section 3 shows that most programs relied on cognate departments to 
develop quantitative reasoning skills.  

 
Figure 2:  The consensus Canadian biology undergraduate program template based on our survey data. Courses are 
listed in order of most to least number required in biology programs. 
 

8. Consensus Themes for Program-level Learning Outcomes (PLOs): 
23 departments provided PLOs for their programs or offered links to website information. Several respondents 
stated that their PLOs were in development. After reviewing all available PLOs, task force members found 
consensus themes across universities that could be categorized as content, skills or values (Figure 3). 

 
Figure 3: Themes for PLOs in undergraduate Biology programs offered in Canada categorized as content, skills or 
values. 

1 2 
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9. Frequencies of PLO themes: 
Thematic “mention frequency” in PLOs of the types of skills, content and values are represented as a mosaic 
plot in Figure 4. Note that the area indicates relative frequency, both within “domains” (skills, content, 
values) and across those domains. 

 
Figure 4: The relative frequencies of PLO themes in undergraduate Biology programs at Canadian universities. 
 
Recommendations of the Curriculum Taskforce:  
 
Content:  

1. Organismal biodiversity: could encourage more emphasis on microorganisms or require additional course 
development to fill a gap in this sub-discipline 

2. Evolution: could introduce both bench and simulation-based labs  
3. Plant biology: encourage course development at foundational level 
4. Encourage Interdisciplinary coursework at foundational level  
5. Based on point 2. above, we suggest that instructors across institutions share syllabi and discuss topics 

covered in some of the required biology courses; the CCUBC could provide opportunity for instructors of 
specific sub-disciplines to connect across Canadian institutions 

 
Skills:  
1. Use open-ended discussions around study design and data collection to teach scientific thinking/process skills 

• observational vs. experimental designs 
• methodology used in data collection (e.g., multiple alternative methods) 

2. Explicitly teach and assess development of transferable skills -e.g. teamwork 
3. Incorporate instruction to hone science communication skills to engage a diverse/lay audience 
4. Refine and use PLOs to communicate expectations to students  
 -use to create curriculum maps for programs  
 -consider development of PLOs in equity, diversity & inclusion  
 
Values:  
1. Integrate experiential or work-integrated learning components into program curricula (e.g., field, placement 

courses). 
2. Frame curriculum with an application-oriented approach.  Bring current global problems into the classroom, 

highlighting the importance of science in society. 
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Recommendations received from Chairs:  
 
Content:  
• Focus on integration across levels of complexity. The current model is to silo subdisciplines, making it difficult to 

package efficiently or in an engaging manner for students. 
• View complexity as the framework; want strong intuition of the scale of complexity (comes from appreciation of 

diversity of life). 
• Could design programs/courses using interdisciplinary connections and tools. 

Examples: 
• Small cohorts in interdisciplinary programs/years dealing with a particular topic (e.g., ScienceOne, 

Integrated science). Limitations: resource intensive and potentially difficult to recruit students who 
understand nature of program. 

• Create interdisciplinary required capstone courses. 
• Common theme that is tackled across courses (e.g., University of Toronto, Scarborough, 2nd year integrative 

research poster project). 
 
Comments:  
Chairs suggested that departments could view themselves as interdisciplinary and strategically focus hiring on 
building integration/connections within the curriculum.  
 
 
Skills: 
• Embed communication skills formally across the curriculum (start in first year, reinforce with upper year 

courses). It was universally acknowledged that this would be a resource intensive, yet valuable effort.  
• Include problem-based learning courses that teach teamwork and communication skills or embed and assess 

transferable skill development across courses. Importantly, embed skill development not only in “content” of 
courses, but also within the assessments (e.g., 2-stage exams that require critical thinking & collaboration). 

• Work with other departments/organizations to develop the expertise/courses aimed at honing transferable skills 
(see comment about ‘right’ people below). 

 
Comments: 
Chairs suggested considering whether biology department faculty are the ‘right’ people to teach these skills 
(communication, teamwork, etc.). 
Where does mental health and stress management fit into our programs? Many chairs agreed that Biology program 
students are a huge group using campus resources for mental health concerns.  
 
Values:  
• Develop course themes that allow students to recognize the limits of the discipline. 
• Promote the value of different perspectives using big problems addressed by multidisciplinary teams. Attentive 

listening, perspective taking, and intercultural competency are critical skills.  
• Consider approaches to integrate discussions around ethics and integrity.  
 
Comments:  
Chairs pointed out the importance of efforts to redesign curricula to incorporate different ways of knowing (e.g., 
indigenous and black knowledges). 
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Further considerations:  
 
Based on our examination of topics covered in required courses across Canadian institutions it appears that Biology 
programs in Canada do align with the core concept recommendations laid out in the Vision and Change 
educational reform documents published by the American Association for the Advancement of Science (AAAS) in 
the United States of America, in which Biology programs must consider the following core concepts:  

• Evolution 
• Pathways and transformations of energy and matter 
• Information flow, exchange and storage 
• Structure and function 
• Systems 

 
This AAAS report also recommends that Biology programs consider specific core competencies. Given our 
examination of required course topics, syllabi as well as PLOs, we find that competencies 4-6 below are 
underrepresented, not represented, or not explicitly articulated in Biology program documents across the surveyed 
Canadian institutions.  
 
“Core Competencies: Program design should provide students with the ability to: 

1. apply the process of science 
2. use quantitative reasoning 
3. use modeling and simulation 
4. tap into the interdisciplinary nature of science 
5. communicate and collaborate with other disciplines  
6. understand the relationship between science and society”  

 
Finally, the Vision & Change movement has suggested that Biology programs include open-ended, discovery-based 
research experiences for undergraduates as an authentic means of translating the process of our discipline into 
teaching environments. Specifically, this would require development of course-based undergraduate research 
experiences (CUREs) that could allow for more inclusive and equitable access to research experiences for all students 
in our programs. Currently, a very small minority of institutions polled by this taskforce suggested designing or 
implementing CUREs as a reform goal (2 institutions out of 38; personal communication). We recommend that the 
CCUBC advocate strongly for the development of CUREs within Biology programs.  
 
We feel strongly that the CCUBC can enact effective change through the development of appropriate faculty 
development activities that allow exchange of ideas and (re)-invigoration of teaching, advocating for educational 
reform using high-impact teaching methods, curriculum mapping informed course and program design, as well as 
data collection efforts that better inform us on student retention and classroom climate metrics.  
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Appendix:  
 
Table A1. List of the 38 Canadian universities that completed surveys.  

1. University of Saskatchewan 
2. Thompson Rivers University 
3. McMaster University 
4. University of Prince Edward Island 
5. Mount Saint Vincent University 
6. Saint Mary's University 
7. University of Guelph 
8. Brock University 
9. McGill University 
10. St. Francis Xavier University 
11. University of Manitoba 
12. University of New Brunswick Saint John 
13. Dalhousie University 
14. University of Waterloo 
15. University of the Fraser Valley 
16. Mount Allison University 
17. University of Toronto 
18. Laval University 
19. Western University 
20. Mount Royal University 
21. York University 
22. Wilfrid Laurier University 
23. University of Toronto Scarborough 
24. University of Winnipeg 
25. Brandon University 
26. University of Ottawa 
27. Ontario Tech University 
28. Vancouver Island University 
29. Algoma University 
30. The King's University 
31. Queen's University 
32. University of Regina 
33. Université du Québec a Montréal 
34. University of Victoria 
35. Laurentian University 
36. Lakehead University 
37. University of Windsor 
38. University of British Columbia, 

Okanagan Campus 
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Figure A1. The number of required courses in each biology subdiscipline and whether labs in these areas were 
embedded in lecture courses or offered as dedicated lab courses.  
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Table A2. List of transferable skills that were either embedded in required biology courses or honed in dedicated 
skill development courses.  

 
 
 
Table A3. Sample coding of PLOs from York University’s Biology program.  
We coded each of the statements found in the PLO documents we were provided for each institution to capture the 
themes under Content, Skills and Values as well as obtain a relative thematic mention weighting for each.  
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