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Abstract

This article reviews the state of Canada’s undergraduate
research opportunities (UROs) in the life sciences across
various institutions. Survey data gathered in 2019 from
20 departments in 14 universities show that all respond-
ing departments offer well-established forms of research
that include credit-based directed studies or honors-thesis
courses. Paid research opportunities are offered by 80-95
percent of the responding departments. Newer-generation
UROs such as course-based undergraduate research expe-
riences and inquiry-based lab courses were found to be
offered by more than half of responding departments.
Additionally, 60 percent reported having co-curricular and
student-driven URO initiatives. Overall, the survey data
reflect a well-established and growing portfolio of UROs
at universities across Canada.
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Undergraduate research experiences (UREs) provide wide-
ranging benefits for students, which positively impacts the
scientific community at large (Russell et al. 2007; Sadler
et al. 2010). Students who participate in hands-on research
gain an array of technical and transferable skills while
deepening their disciplinary knowledge. They build skills
in oral and written communication, project coordination,
interpersonal skills and teamwork, critical analysis and
problem solving, organization and time management,
technical skills, data collection, and a higher regard for
ethical considerations (Bauer and Bennett 2003; Sadler et
al. 2010). Undergraduate researchers practice “doing sci-
ence” and scientific thinking, which leads them to develop

a more nuanced appreciation of the nature of science, and
the limitations and complexity involved in collecting and
evaluating scientific evidence (Sadler et al. 2010). Further-
more, UREs promote scientific enculturation, a stronger
sense of belonging and scientific identity (Estrada et al.
2018; Adedokun et al. 2013; Berkes 2007), which is sug-
gested to be a critically important factor that influences if
students pursue a career in science.

Given that the outcomes gained by students participating
in URE:s influence their career choices, it is not surprising
that UREs directly impact the future of the scientific com-
munity. It has been reported that UREs increase student
awareness, interest, and confidence in pursuing careers in
STEM (science, technology, engineering, and math) (Rus-
sell et al. 2007; Sadler et al. 2010). This leads to higher
retention or persistence in the STEM fields, as students
who participate in UREs are more likely to pursue an
advanced degree after graduation (Hathaway et al. 2002;
Eagan et al. 2013; Zydney et al. 2002). Importantly, cor-
relation between UREs and persistence in science as a
career has been observed in underrepresented groups,
which speaks to the influence of UREs in diversifying the
scientific workforce (Estrada et al. 2018; Hernandez et al.
2018). Taken together, UREs are a high-impact education-
al opportunity that offer enormous benefits to students and
the research community. It is therefore important to char-
acterize opportunities for UREs across undergraduate cur-
ricula to maximize and broaden access to these benefits.

UREs are a product of various types of undergraduate
research opportunities (UROs) that include (1) traditional
lab courses involving instructor guided experiments; (2)
paid or unpaid internships, which in Canadian institutions
are often called co-op work experience and directed stud-
ies/honors thesis courses, respectively; (3) inquiry-based
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lab courses involving investigation without novelty; (4)
high-enrollment, course-based undergraduate experiences
or CUREs involving novel, self-directed investigations;
and (5) other co-curricular UROs involving programs and/
or learning activities that align with a student’s academic
goals that involve research. In this article, URO is the
term used to describe the various types of undergraduate
research, whereas URE is used to describe the outcome
of an URO (e.g., research-related activities that students
engage in as part of a URO). For example, although both
traditional lab courses and co-op are UROs, they do not
offer the same type of URE due to the differences in men-
torship, environment, and other factors.

Historically, UROs offered by universities have included
mentor-mentee models (e.g. unpaid, credit-based, directed
studies courses; unpaid or paid internships or volunteer-
ships; paid co-op work experience) in which an under-
graduate student conducts research in a grant-funded aca-
demic laboratory, government laboratory, or a company
under the direct supervision of a more advanced researcher
(e.g., a graduate student, postdoctoral fellow, principal
investigator, or staff scientist). Although the quality of the
research mentorship experience can vary, the long-stand-
ing mentor-mentee model has generally been successful.
However, the one-to-one nature of this model means that
it lacks scalability and can limit diversity and equitability
due to the self-selecting process of student recruitment.
More recently, CUREs have been developed as a scalable
and accessible solution to the need and student-led demand
for more UROs. The development of CURES, as well as
student-led team-based research options like International
Genetically Engineered Machines (iGEM) and BioMod,
represent a newer generation of UROs that are garnering
notable interest from both students and educators.

In this article, the authors describe the current structure,
function, and diversity of life sciences UROs within
Canada. Universities were targeted that have departments
focused on the life sciences (defined by titles includ-
ing biology, microbiology, immunology, biochemistry,
botany, and zoology) to allow meaningful institutional and
departmental alignments. It was reasoned that UROs in
more distantly related departments/disciplines (e.g., phys-
ics versus biology) may be quite different with respect
to their scientific histories, technical requirements, and/
or administrative structures, thus making comparisons
difficult. In contrast, UROs within the life sciences (e.g.,
biochemistry versus microbiology) would share more
similar underpinnings.

It is hoped that this review provides a useful snapshot of
UROs offered within life sciences in Canada as of 2020.
This new insight may be leveraged to compare and con-
trast different UROs, and their resulting UREs, within and
between Canadian institutions. It may also provide a basis
for comparison with models of undergraduate research
established and evolving in other countries.

Canada’s Undergraduate Research Opportunities
within the Life Sciences

Canada is a country with a population of approximately
38 million individuals. The country spans a total area of
approximately 10 million km?, divided into 10 provinces
and 3 territories. Canada was reported to have 96 universi-
ties in total as of 2016. Most universities are located along
Canada’s southern border due to its temperate climate rel-
ative to the northern regions of the country (see Figure 1).

The majority of Canada’s postsecondary institutions are
publicly funded by the federal and provincial govern-

FIGURE 1. Canadian Postsecondary Institutions Represented in Survey Data
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4. British Columbia Institute of Technology
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7. University of Saskatchewan
8. University of Waterloo
9. Wilfrid Laurier University
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12. Concordia University
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14. Memorial University of Newfoundland
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ments. Universities tend to directly support pedagogical
development and/or course renewal efforts; national or
provincial funding programs for teaching and learning do
not exist. Funding for undergraduate research opportuni-
ties is generally channeled through faculties or schools
(e.g., science) overseeing disciplinary departments (e.g.,
microbiology or zoology); however, specific institutional
programs such as the Projects for Undergraduate Research
Experiences at the University of British Columbia (UBC)
have been implemented at the institutional level to support
innovation.

In Canada, grant-driven research laboratories operate
under the funding structure provided primarily through
two major government funding agencies: Natural Sciences
and Engineering Research Council (NSERC) and Canadian
Institutes of Health Research (CIHR). NSERC offers two
streams of undergraduate research funding that includes the
Ingenium-NSERC Steam Horizon Award, which broadly
encompass various areas of STEM involvement including
research; whereas the Undergraduate Student Research
Awards (USRA) specifically funds UREs across various
research areas or disciplines (NSERC, Government of
Canada 2016). USRA is provided as a one-term (16-week)
stipend to partially support student research in a grant
funded academic lab. The remaining balance of the stipend
is provided by the principal investigator or institution.
In partnership with various sponsors, CIHR also offers a
variety of funding opportunities with an emphasis on life
sciences research including the Undergraduate Summer
Studentship Award. These scholarships support students
pursuing general research over the summer term (typically
May to August) as well as other more specialized, niche
opportunities such as the mobility, musculoskeletal health
and arthritis fund, which is used to support undergradu-
ate research specific to one area (CIHR, Government of
Canada 2019).

Canadian undergraduate degree programs in the life scienc-
es typically involve 4 to 5 years of coursework. Students
select a degree program and/or specialization after year
1 or year 2. Most degree programs, as well as traditional
UROs, are coordinated at the departmental level. Some
universities offer integrated degree programs that allow
students to combine disciplines (e.g., microbiology and
physiology). However, because these programs can lack
direct department affiliation student access to UROs may
be restricted. To address this issue, the integrated sciences
program at McMaster University affords all the enroll-
ment privileges of an undergraduate student in a program
entirely hosted in that concentration’s home department.

In Canada, universities coordinate a range of life sciences
UROs, which include (1) the long-standing mentor-mentee
models such as directed studies or honors thesis courses,
summer undergraduate research experiences (SUREs),

volunteering, and instructor-led teaching laboratory expe-
riences; (2) co-op work experience; (3) course-based
undergraduate research experiences; and (4) co-curricular,
student-driven programs. To gain insight into the scope
and diversity of UROs in the life sciences across Canada,
a survey of faculty and administrators was conducted in
2019. The survey was sent out to life sciences departments
of universities that were listed in the Maclean’s magazine
rankings of the top Canadian medical and comprehensive
universities; a total of 40 departments at 25 institutions was
contacted. Life sciences departments included biochemis-
try, biology, biotechnology, microbiology, and immunol-
ogy. The response rate was approximately 50 percent,
which represents 20 departments across 14 institutions as
summarized in Table 1. A biological sciences department
was represented from all 14 institutions. Biochemistry
departments were represented by the University of Victo-
ria (UVic), UBC, and McGill University. The Department
of Microbiology (and Immunology) was represented in
Memorial University of Newfoundland, UVic, McGill, and
UBC. The responding biotechnology program is co-hosted
by the British Columbia Institute for Technology and UBC.

All the responding departments (20 out of 20) indicated
that they offer mentor-mentee directed studies and/or
honors thesis courses, opportunities for volunteer work
experience, and instructor-led teaching laboratory courses.
These experiences collectively represent the long-standing
models of UROs in Canada. Credit-based courses are
funded through departmental budgets derived from institu-
tional funding. Reagents and supplies required for directed
studies, honors thesis projects, or volunteer lab assistant
work are purchased by research grants held by the host
laboratory.

Co-op work experience programs or paid internships are
well established throughout Canadian institutions with
more than 80 percent (16 out of 20) respondents confirm-
ing a functional program at their university. Co-op work
experience is typically limited to students in the second
to fifth year of their undergraduate degree. Programs are
generally operated by coordinators who staff a central
office. Prospective employers post job advertisements via
the co-op office website to which students apply and inter-
view. Positions are typically 4- or 8-month terms, although
12- or 16-month terms are possible. Students work in com-
panies, government labs, or academic research labs locally,
in other areas of Canada, or internationally. Funding for
co-op work experience can be provided by industrial firms,
government employers, as well as grant-funded academic
research labs. NSERC USRA funding can be used to sup-
plement a co-op work experience stipend.

Another type of paid internship is the summer undergradu-

ate research experience (SURE), most commonly held
from May through August, although winter placements
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TABLE 1. Canadian Institutions Represented in Survey Data

Province
British Columbia Institute of Technology (BCIT) BC
Concordia University QC
McGill University QC
Memorial University of Newfoundland NF
Simon Fraser University BC
University of Alberta AB
University of British Columbia (UBC) BC
University of Calgary AB
University of Guelph ON
University of Saskatchewan SK
University of Toronto ON
University of Victoria BC
University of Waterloo ON
Wilfrid Laurier University ON

Total undergraduate
students enrolled

Represented departments in survey

18,147% Biotechnology (UBC-BCIT joint program)
37,154° Biology

Biology
27,035¢ Biochemistry

Microbiology and Immunology
13,564¢ Biochemistry

Biological Sciences

b

29,904 Molecular Biology and Biochemistry
28,709¢ Biological Sciences

Biology (Botany and Zoology)
4488201 Biochemistry

Microbiology and Immunology
23,808° Biological Sciences
26,677¢ Molecular and Cellular Biology
18,1038 Biology
71,930° Biochemistry

. Biology

18,714 Biochemistry and Microbiology
33,322¢ Biology
15,622¢ Biology

Note: Enrollment numbers were collected from each institution’s main website. Departments that were surveyed included biochemistry, biology, biotech-
nology, and microbiology to reflect life sciences disciplines. Information in the table was collected from British Columbia Institute of Technology n.d.;
Concordia University n.d.a; Enrolment Services, McGill n.d.; Institutional Analysis & Planning, University of Waterloo 2015; Memorial University of
Newfoundland n.d.; Simon Fraser University n.d.; University of Alberta n.d.a; University of British Columbia n.d.a; University of Calgary n.d.a; Univer-

sity of Guelph n.d.
aFull-time as of 2017-2018
bAs of 2018-2019

°As of fall 2019

dAs of 2017

¢Full time as of 2018-2019
fVancouver campus only
¢As of 2019-2020

sometimes occur. During SUREs, students typically con-
duct 16 weeks of full-time research in a grant-funded
research lab. Federal funding supports the NSERC USRA
program, and awards are allocated to each institution,
which then distributes individual allotments of awards to
faculties and departments. Award allocation schemes at
the departmental level are customized. SURE awards are
commonly funded by the host institution as well, thereby
increasing the universities’ annual quota of paid UROs.
Since NSERC USRA awards are only available to students
with Canadian citizenship or permanent resident status,
some institutions offer a subset of awards specifically for
students with international status. For example, UBC oper-
ates a Work-Learn International Undergraduate Research
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Awards program, which provides equivalent funding to a
USRA. It is also noteworthy that USRA places an empha-
sis on supporting self-identified Indigenous students, as the
program recommends that institutions can submit applica-
tions from all Indigenous students even if the institution’s
academic award quota has been reached.

Newer generation models of credit-based courses include
inquiry-based teaching labs and the so-called course-based
undergraduate research experiences (CUREs). Inquiry-
based lab courses are offered by 14 of 20 (70 percent) of
the responding departments, whereas CUREs are offered
by 13 out of 20 of the responding departments (65 per-
cent; see Figure 2). CUREs are relatively new pedagogi-
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FIGURE 2. Undergraduate Research Opportunities Provided in 14 Canadian Postsecondary Institutions
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Note: Summer undergraduate research experiences (SUREs) are a part of the co-op/paid internship category.

cal innovations in which students typically work in teams
on authentic research projects (i.e., the outcome of the
research is unknown to the students and instructor at the
outset). An instructor or instructors facilitate CURESs, guid-
ing a class of students (e.g., a few to hundreds) divided into
teams that work on often different research questions (in
comparison to the one-to-one mentor-mentee model fol-
lowed by honors theses and directed studies courses). The
CURE model has the distinct advantage of being scalable
and accessible to a broad range of undergraduate students.
McGill’s Department of Microbiology and Immunology
operates CUREs through open-source, community-based
programs such as SEA-PHAGES (Science Education Alli-
ance, HMMI n.d.) and Tiny Earth (n.d.). These two initia-
tives act as consortia of student-sourced antibiotics and
viruses discovered in soil respectively. Since 2001, the
UBC Department of Microbiology and Immunology has
offered molecular microbiology CURESs in which teams of
fourth-year students undertake novel, self-directed research
projects in the span of one term. Findings are published in
an undergraduate research journal and prime the design
of subsequent research questions in a feed-forward man-
ner. The University of Saskatchewan (USask) has recently
adopted the CURE model developed in the UBC Depart-
ment of Microbiology and Immunology to create the new
course Team-Based Experimental Microbiology.

CURES have been positively perceived not just by students
but also by faculty as a means of effectively integrating
research into a teaching environment to help students

develop core research competencies (Shortlidge et al. 2016;
Auchincloss et al. 2014). The development and implemen-
tation of CUREs requires institutional and faculty commit-
ment. Barriers to CURE implementation include instructor
time, available funding, logistics of operation, and faculty
buy-in (Spell et al. 2014; Shortlidge et al. 2016). However,
it is heartening to report that the majority of responding life
science departments in Canada offer CURES, reflecting a
healthy commitment to pedagogical innovation. Although
a comprehensive review of CUREs in Canada is beyond
the scope of this article, it will be interesting to see how
this model develops in Canada over the next few years.

Exciting new co-curricular, student-driven life sciences
URO initiatives are afoot in Canada. Team-based programs
such iGEM and BioMod have been established at several
Canadian universities (see Table 2). The international com-
petiton iGEM challenges student teams to design, develop,
test, and disseminate innovative synthetic biology solu-
tions to real-life problems. Teams receive varying levels
of guidance and mentorship from graduate students, fac-
ulty, and industry partners. Funding is sourced by students
from their home institutions as well as industrial spon-
sors. Canadian iGEM projects include the development of
novel DNA constructs (University of Ottawa 2019), plastic
degradation (University of Toronto n.d.b), approaches
to improvements in canola oil production (University of
Calgary n.d.b), and a neurotoxin biosensor for safer shell-
fish consumption (University of British Columbia n.d.b).
BioMod is a smaller but rapidly growing initiative that is
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TABLE 2. Examples of Molecular Biology Co-Curricular Programs
Hosted by Canadian Institutions

Co-curricular program

Institution and referenc
and focus 0 eterence

Concordia University (n.d.b)
Dalhousie University (n.d.)
McGill University (2018)

University of Alberta (n.d.b)

iGEM: Competition-based
program that involves teams
of students working to solve a
community-based problem in
the field of synthetic biology

University of British Columbia
(n.d.b)

University of Calgary (n.d.b)
University of Guelph (2019)
University of Ottawa (2019)
University of Toronto (n.d.b)
University of Waterloo (n.d.)

BioMod: A biomolecular University of British Columbia
design competition for (n.d.c)

undergraduate students

intended to develop problem-

solving skills and teamwork University of Toronto (n.d.c)

attracting students interested in biomolecular design. At
Concordia University, the Biology Student Association
has been organizing trips to the Galapagos Islands since
2006 to conduct conservation-based projects that count for
course credit.

Several institutions across Canada have internal initiatives
or organizations that help connect students to UROs. The
Undergraduate Research Initiative at the University of
Alberta (U of A) operates as an institutional office that
provides consultation, hosts networking events, and pro-
vides online resources to help students UROs. Other bud-
ding prospects are student-led organizations that promote
undergraduate research opportunities. At Simon Fraser
University, the SFU Science Undergraduate Society pro-
vides students with three potential avenues of research
dissemination and networking: publication in the SFU
Science Undergraduate Research Journal (SURJ n.d.),
an annual poster competition, and/or exposure of UREs
through a curated blog (SURJ n.d.). At UBC, a multidis-
ciplinary team of students have come together to form
the club Undergraduate Research Opportunities, which
hosts programs and events such as Life Science Research
Night, where students learn about careers in research and
interact with academics and industry professionals, and
the Research Exchange Program (REX), in which students
conduct paper-based research projects under the guidance
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of academic mentors. The students leading the Under-
graduate Research Opportunities Club at UBC collaborate
with faculty advisers, as well as university staff, in the
Centre for Student Involvement and Careers (CSI&C) who
provide mentorship and administrative support to the stu-
dents. This tripartite relationship among the club, faculty,
and CSI&C creates a model of student-centered leadership
to centrally organize and share information about access
to UROs.

Mechanisms for the dissemination and celebration of
undergraduate research such as an undergraduate research
symposia and undergraduate research journals exist at
several Canadian institutions. USask publishes the mul-
tidisciplinary University of Saskatchewan Undergradu-
ate Research Journal (USURJ) each year (University of
Saskatchewan n.d.a). As mentioned previously, Simon
Fraser University publishes the SFU Science Undergradu-
ate Research Journal (SURJ) operated by its Science
Undergraduate Society (SURJ n.d.). UBC is home to
the Undergraduate Journal of Experimental Microbiol-
ogy and Immunology (UJEMI n.d.). Initiated in 2001 as
a means to disseminate the results of student projects in
CURE courses in microbiology and immunology, UJEMI
now has a peer-review arm that invites submissions from
undergraduate students around the world (Sun et al. 2020)

Undergraduate research symposia were reported by mul-
tiple institutions as platforms for communicating the out-
comes of UROs. UBC hosts the Multidisciplinary Under-
graduate Research Conference (MURC) with oral and
poster presentations with hundreds of participants per year
(Student Services, UBC 2016). Similarly, the University of
Ottawa offers an Annual Undergraduate Research Oppor-
tunity Program Symposium to allow students across vari-
ous disciplines to present their research in the format of a
poster, hosting more than 260 presenters a year (University
of Ottawa 2020). The UBC Department of Microbiology
and Immunology hosts an undergraduate research sym-
posium each year (MBIM URS) that provides a forum for
students to disseminate their research, network with their
peers and other academics, and demonstrate formal partici-
pation within the scientific community. More broadly, the
annual Undergraduate Research in Science Conference of
Alberta is an initiative hosted by various different Cana-
dian institutions in Alberta that allows students who are
conducting NSERC-funded projects to present their work.
Ontario hosts a similar province-based event, Ontario Biol-
ogy Day, where biology students can present their research
and network. The Prairie University Biology Symposium
is an annual event, founded at the University of Manitoba,
that hosts presentations from undergraduate students to
postdoctoral fellows across Western Canadian institutions.

The popular three-minute thesis (3MT) competition, which
is typically reserved for the presentation of graduate student
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theses, has recently been reimagined at UBC, which rolled
out its first 3MT competition for undergraduate students in
2020. Spearheaded by UBC’s Biochemistry Department,
the 3MT competition provides a forum for undergraduate
students in directed studies courses, honors courses, and
capstone research-based courses (e.g., CUREs) to pres-
ent their research projects. To level the field, emphasis is
placed on communicating project background and scien-
tific concepts as opposed to experimental data.

Finally, student participation in a URO can be recognized
as course-credit, documented in their transcript, or associ-
ated with certification. For example, participation in two or
more internship terms is recognized at McGill on student
transcripts and conversion to a co-op degree, specifically
for the joint computer science and biology program. UBC
offers certification for completion of the co-op program.
The U of A also offers an undergraduate research certifica-
tion to recognize URE participation. The USask Depart-
ment of Biology more recently adopted a certificate on
biology research to recognize students who participated in
a minimum number of intensive research-based courses.

The Future of Undergraduate Research in Canada

The survey data show that long-standing URO models
(e.g., directed studies courses, co-op, or volunteering)
are offered and well supported by all the responding
institutions and that newer URO models (e.g., CUREs;
co-curricular student-led initiatives) that are scalable and
more broadly accessible have been well established in
many institutions or are emerging. As demand for UROs
increases, there is a growing need for a cohesive model for
supporting their development and maintenance. Canada’s
model for supporting UROs is linked to funding from the
federal government, internal funding from public universi-
ties, and industry sponsors. It is exciting to report strong
support overall for pedagogical innovation and funding for
undergraduate research in Canada within the life sciences.
Given the well-established benefits of UREs, providing
equitable access to UROs (paid and unpaid) to as many
students as possible is a challenge that Canadian postsec-
ondary institutions are seeking to address.
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