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This thesis explores the impact and accessibility of undergraduate research 

experiences (UREs) in biology. The one-on-one model or URE has been associated 

with several positive student outcomes, however as newer models of URE proliferate, 

the need for a systematic classification and comparison of the models has become 

clear. This thesis used data derived from 76 course syllabi for UREs in biology 

departments across Ontario to generate a typology of UREs. This thesis then compared 

the accessibility and learning impact of the URE types through a mixed-methods 

approach. Results demonstrated differences in the accessibility of the URE types. 

However, content analysis of students’ accounts of demonstrated that all models were 

sufficient to foster significant learning. This thesis has implications for best-practices in 

URE design and provides guidance to educators and administrators seeking to improve 

student access to UREs.   
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Chapter 1: Integrative Introduction 

Science educators face the unique challenge of training the next generation of scientists 

and scientifically literate citizens to contend with pressing modern scientific issues—the 

COVID-19 pandemic, climate change, vaccinations, and a widespread 

misunderstanding of science in the citizenry. Pedagogies which engage students in the 

processes of science and promote scientific literacy are therefore integral to 

undergraduate science education. Undergraduate research experiences (UREs) are 

proposed to be one such pedagogy (Brew, 2006). 

The traditional model of URE, where students conduct a research project under the 

supervision of a more experienced researcher (e.g., a graduate student, postdoctoral 

fellow, or principal investigator), has been associated with an increase in both student 

engagement and academic success (G. Kuh, 2008), and many other student benefits 

through both qualitative and quantitative studies. Students who participate in UREs, 

particularly early in their undergraduate career, demonstrate greater rates of graduation 

from a STEM degree (Rodenbusch et al. 2016) and report a range of positive outcomes 

including cognitive and professional gains such as a greater understanding of the 

research process (Lopatto, 2004, 2007; Seymour, Hunter, Laursen, & Deantoni, 2004), 

and an improved understanding of career options (Adedokun, Bessenbacher, Parker, 

Kirkham, & Burgess, 2013; Carter, Mandell, & Maton, 2009; Lopatto, 2007; Seymour et 

al., 2004), as well as affective gains such as increased self-confidence and resilience 

(Adedokun et al., 2013; Perrella, Dam, Martin, MacLachlan, & Fenton, 2020), enjoyment 

of research (Seymour et al., 2004), and clarity of career aspirations and interests 
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(Adedokun et al., 2013; Lopatto, 2007). These reported benefits to students are also 

supported by faculty accounts (Hunter, Laursen, & Seymour, 2007).  

Furthermore, UREs have been shown to disproportionately benefit students from 

historically underserved groups in science by supporting greater academic success 

(Haeger & Fresquez, 2016), and increasing the proportion of those who enter into a 

scientific career after graduation  (Hernandez, Woodcock, Estrada, & Schultz, 2018). 

These benefits are proposed to be a result of the mentoring and networking 

relationships that are fostered through this model and the self-efficacy and identity that 

these students develop as a result (Byars-Winston, Branchaw, Pfund, Leverett, & 

Newton, 2015; Chemers, Zurbriggen, Syed, Goza, & Bearman, 2011). UREs are 

designated as a “high impact practice” by the Association of American Colleges and 

Universities (AAC&U) and are promoted as a core aspect of undergraduate science 

education (G. D. Kuh, 2008; Lopatto, 2010).   

However, the one-to-one ratio of the traditional, apprenticeship model of URE, limits the 

number of students who can participate. With current calls to make UREs accessible to 

a greater number of students, educators have been challenged to broaden the 

conceptualization of how undergraduate research occurs to better serve more students 

(Brew, 2006; Healey, 2005; Jenkins & Healey, 2009). Scalable models of URE 

developed to meet this challenge go by many names, including discovery research 

courses, course-based research experiences (CREs), and authentic laboratory 

undergraduate research experiences (ALUREs). In the North American context, they 

are collectively referred to as Course-based Undergraduate Research Experiences 
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(CUREs; Auchincloss et al., 2014) due to their large class design and their origins in 

UREs.  

When compared to UREs, CUREs demonstrate greater potential for access by large 

cohorts of students, due to larger class sizes. Furthermore, initial assessments of the 

learning value of CUREs have supported many of the same benefits as traditional UREs 

(Toma et al., 2015). As a result, CUREs have proliferated across a range of disciplines 

in the US, with published examples of CUREs being most prevalent in the life sciences 

and chemistry (Dolan, 2016). A survey of Canada’s UREs in the life sciences also 

supported the uptake of CUREs within the Canadian context, with 13 of the 20 

institutions reporting at least one high-enrollment research course which met the CURE 

criteria (Sun, Graves, & Oliver, 2020). 

Yet, research on the range of CUREs and their influences on student learning remains 

limited. The absence of a systematic characterization or classification of the models of 

UREs (which includes CUREs) limits the ability to compare across URE types, and 

results in most studies focusing on the evaluation of a single CURE at a single 

institution. As a result, attempts to validate new UREs as equal to the traditional 

apprenticeship model have lacked generalizability, making it unclear if these new, 

scalable models have achieved the aim of providing a more accessible, but equally 

impactful URE.  

Therefore, the objectives of this thesis are to:  
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1) Document and describe the range of available, for-credit, undergraduate, biology 

research experiences in Ontario and develop a typology of these courses.  

a. Determine if the UREs offered at the University of Guelph (UoG) are 

representative of the typology and validate the UoG as a suitable site for 

additional study.  

2) Compare students’ perspectives and experiences of accessibility and impact 

across the various types of URE, through a mixed-methods approach. 
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Chapter 2: A Typology of Undergraduate Biology Research 
Experiences in Ontario 

2.1 Introduction 

The traditional, apprenticeship model of undergraduate research, where students 

undertake a research project under the supervision of a more experienced researcher, 

has been associated with high levels of student engagement, academic success (Kuh 

2008) and a wide range of student benefits (Lopatto, 2004, 2007; Seymour et al., 2004). 

However, the one-to-one ratio of the apprenticeship model of UREs, limits the scalability 

of these experiences and the enrollment criteria may further limit diversity due to biases 

in admission and exclusive selection processes.  

With current calls to make UREs accessible to a greater number of students, educators 

have been challenged to broaden the conceptualization of how undergraduate research 

occurs to better serve more students (Brew, 2006; Healey, 2005; Jenkins & Healey, 

2009). Several models of URE have been developed to meet this challenge by 

designing research courses which are scalable and therefore presumably accessible to 

a larger cohort of students (see below). However, the range of opportunities for 

undergraduate students remains unclear and the absence of a meaningful classification 

of the models of UREs limits the ability to compare across course models. 

In this chapter, I use factors related to course structure and assessment structure 

derived from course syllabi to describe a range of for-credit UREs and to propose a 

URE typology. These factors represent proven determinants of course impact such as 

investment of time and effort and opportunities for substantive interactions with peers 
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and mentors (G. Kuh, O’Donnell, & Schneider, 2017), as well as factors impacting 

accessibility such as timing and cost. Recognizing that the range of UREs is different 

across disciplines (Perrella et al., 2020; Zimbardi & Myatt, 2014) and in different 

educational jurisdictions (Vajoczki, 2010), I focus on describing the UREs that currently 

exist in university biology programs in Ontario, Canada.  

This typology supports higher education by analysing how undergraduate research in 

biology is currently being implemented in Ontario and can be used by academics, 

administrators, and policymakers when developing research opportunities that serve a 

greater and more diverse student population. Furthermore, the systematic classification 

of UREs based on shared features provides an essential foundation for future research 

by facilitating the exploration of CURE design and it’s impacts on particular student 

outcomes.  

2.1.1 Defining undergraduate research 

Griffiths (2004) described four ways in which teaching and learning intersect with 

research,  including teaching and learning which are research-informed, research-led, 

research-oriented, and research-based (see figure 2.1). Of the four, only research-

based learning – also called inquiry learning – involves students engaging in research 

activities themselves. Undergraduate research experiences (UREs)—also called 

authentic research— is one example of research-based learning (Healey, 2005; 

Lopatto, 2003; Spell, Guinan, Miller, & Beck, 2014). In terms of scientific research, 

UREs are broadly defined as learning opportunities for undergraduate students that 
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integrate five essential elements: 1) engagement in scientific practices; 2) exploration of 

questions with unknown answers to expose students to the process of scientific 

discovery; 3) examination of topics with relevance that extends beyond the course; 4) 

collaboration (with either peers or mentors); and 5) authentic ‘messy’ data which 

demonstrates the iterative processes of science (Auchincloss et al., 2014). The specific 

course formats, components, and teaching practices by which these are achieved can 

vary substantially in terms of purpose, accessibility, and structure (Beckman & Hensel, 

2009).  

While the traditional, apprenticeship model of UREs (hereafter referred to as AUREs) 

predominates across disciplines, different disciplinary models of UREs also exist. In the 

natural sciences, field research is an important component (particularly in the disciplines 

of ecology, biology, and geography), and therefore participating in a field experience 

during an undergraduate degree is often an important learning experience for students 

within these disciplines (Boyle et al., 2003; Easton & Gilburn, 2012; Elkins & Elkins, 

2007). Field courses in the literature are characterized as stand-alone courses which 

typically occur over weeks or months, at an off-campus field station or site either within 

the home country or abroad (Hodder, 2009). Field-based learning serves a variety of 

education functions including exposing students to specific landscapes and 

phenomenon, teaching and engaging students in field methodologies, and/or engaging 

students in the process of research in a field setting. In this final example, field courses 

are used as a model to engage students in the activities of authentic research, resulting 

in a discipline-specific, field-based UREs (hereafter referred to as FUREs). Indeed, the 
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completion of a field-based research project is often a required component of field-

based learning (Ford, Eshbaugh, & Branson, 2017; Hodder, 2009) and students have 

reported many of the same benefits as experienced in other UREs, including cognitive 

gains (Easton & Gilburn, 2012), professional and technical skill development (Ford et 

al., 2017; Kricsfalusy, George, & Reed, 2018), improve self-efficacy (Beltran et al., 

2020; Boyle et al., 2007), and motivation to pursue careers in science (Ford et al., 2017) 

after completing an FURE. However, FUREs have the same limited scalability as the 

traditional apprenticeship model, due to the high costs for both students and institutions 

resulting in extremely selective programs which limit opportunities for all but the most 

high-achieving and financially privileged students.   

Over the past decade, efforts to make research experiences accessible to more 

students have led to the development of course-based UREs (hereafter referred to as 

CUREs), which are designed to be implemented in a traditional course setting, and can 

be offered to larger groups of students at one time (Auchincloss et al., 2014). While 

variable in implementation, CUREs are designed to integrate all five of the essential 

elements that characterize all UREs, as defined by  Auchincloss et al.(2014). CUREs 

differ from AUREs in that they occur in larger classes and may involve collaboration with 

peers instead of faculty mentors (Auchincloss et al., 2014), however, they are intended 

to provide the same learning outcomes and have been associated with many of the 

same benefits (Toma et al., 2015). The majority of the literature has focused on CURE 

models to replicate the traditional laboratory settings experienced when participating in 

research under the supervision of faculty, however field-based CUREs have also been 
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proposed, with promising results (Thompson, Neill, Wiederhoeft, & Cotner, 2016). While 

CUREs are still relatively new, a review of UREs across 20 Canadian universities 

revealed that 13 of the surveyed life science departments offered one or more CUREs, 

indicating that there has been uptake of this novel pedagogy within the Canadian post-

secondary landscape (Sun et al., 2020).  

I used an operational definition of undergraduate research informed by Griffiths (2004), 

Lopatto (2003), and Auchincloss et al. (2014; see s 2.1). Specifically, I define UREs as 

experiences which engage students in intensive activities which mirror the processes of 

research and meet the five elements of UREs outlined in Auchincloss et al. (2014). 

Some literature on UREs includes both traditional and inquiry based laboratory courses 

within their operational definition. Traditional laboratories are those which are methods-

driven, presenting content that is instructor-defined and pre-determined, with outcomes 

that are known to both students and to the instructor (Auchincloss et al., 2014). Inquiry 

laboratory courses differ from  traditional laboratories as they focus on challenging 

students to explore genuine scientific thinking and to generate their own methods, while 

seeking to answer questions with answers that are unknown to both the instructor and 

students (Auchincloss et al., 2014; Sun et al., 2020). By design, my definition excludes 

both types of laboratory courses, as neither course-type meets all five of the essential 

elements of UREs as defined by Auchincloss et al. (2014). While inquiry laboratories 

place emphasis on challenging the students to inquire in general, they do not 

necessarily require the students to ask questions that have relevance beyond the 

course.  
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Additionally, for the purposes of this research, I focussed exclusively on undergraduate 

research courses which were embedded in the curriculum and offered for credit. 

However there are a range of extra-curricular and non-credit opportunities, including 

volunteering, co-op positions, summer research fellowships, and other employment 

which could offer elements of or entire UREs but are not, by definition, required to 

(Beckman & Hensel, 2009; Sun et al., 2020).  

The course characteristics used to describe the UREs investigated in this study were 

guided by both observed differences in characteristics derived from the course syllabi 

and existing frameworks of course descriptors in the literature. Specifically, Beckman 

and Hensel (2009) summarized several continua along which institutions may define 

undergraduate research models which differ in purpose, accessibility, and structure. For 

instance, UREs may be process-centred or outcome/product centred, individual, or 

group-based, and/or they may be broadly available to all students or reserved for the 

students with the highest level of academic achievement. These continua, along with 

characteristics derived from the course syllabi were used to characterize and describe 

the UREs offered across 14 university biology programs in Ontario, Canada.  
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Figure 0.1: Summary of relevant literature related to the key characteristics used to define the 
course formats by which undergraduate students engage with research. Broadly, there are four 
ways that research and teaching intersect, known as the research-teaching nexus, as described 
by Griffiths (2004): Research-informed, Research-led, Research-oriented, and Research-based. 
Traditional laboratories and methods courses are better described as “Research-oriented” in that 
they place emphasis on methods and the foundational knowledge derived from previous research, 
as opposed to the exploration and inquiry process. UREs and inquiry laboratories are best 
described as “research-based” courses as the curriculum is designed around exploring scientific 
practices and practicing inquiry, rather than learning subject content. UREs are differentiated 
from inquiry laboratories in that UREs involve the examination of topics with relevance that 
extends beyond the course, while inquiry courses focus on challenging students to engage in 
inquiry, regardless of the question (Auchincloss et al., 2014). CUREs and traditional UREs can be 
further differentiated based on class size, admission processes, and scalability. 

2.2 Methods 

2.2.1 Research  

The post-secondary context in Ontario consists of 21 publicly funded universities (20 

primarily English speaking and 1 exclusively French speaking), of which 18 offer a BSc 

program in Biology (OUAC, 2020). This research will focus on 14 of these institutions, 

which represent the diversity of the Ontario post-secondary context (see, Table 2.1). 

These fourteen universities were selected because they are active members of the 

Ontario Universities Program in Field Biology (OUPFB), which is a collaborative 
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initiative across Ontario universities to pool field course resources. The OUPFB allows 

students from one institution to enroll in field courses offered by other member 

institutions without having to transfer credits. All field courses offered through the 

OUPFB include an intensive research project component, and therefore it is convenient 

to sample from member institutions. The student population of these universities ranges 

from 7,900 to 87,000 and they are located in both major cities and smaller regional 

centres. Three of these institutions offer primarily undergraduate programs, while the 

other 11 have comprehensive programs which offer undergraduate, graduate, and 

professional degrees and have substantial research activity.  

Table 0.1: List of all Ontario Universities included in this study. 

Ontario Universities included in this study 

1 Brock University 8 Queen’s University 
2 Carleton University 9 University of Toronto 
3 University of Guelph 10 Trent University 
4 Lakehead University  11 University of Waterloo 
5 Laurentian University 12 Western University 
6 McMaster University 13 Wilfrid Laurier University 
7 University of Ottawa 14 York University 

2.2.2 Data collection 

For-credit UREs were included in this study. A database of these research courses was 

developed by reviewing the course calendars for the biology program(s) at each 

institution for courses which included the search terms ‘research’, ‘project’, ‘group’, 

‘field’, ‘laboratory’ or ‘thesis’ in their posted course description. The OUPFB course 

offerings were also included as all of these courses require a research project to be 

completed while on the field course. This process resulted in 79 undergraduate biology 

research courses across all 14 universities. The syllabi for each of these courses was 
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then obtained, either from the OUPFB website, the department website, or by 

contacting faculty or administrative staff of the course by email. Several courses did not 

have a standard syllabus as some, or all of the components of the course were to be 

negotiated between the student and their supervisor. In these cases, I contacted the 

faculty or administrator who coordinated the course most recently to obtain the required 

information where available. One course was removed from analysis because a 

department administrator indicated that it was not regularly offered, no faculty had 

recently taught it, and no syllabus existed. Two course codes were removed as they 

accounted for programs which were too variable to be captured in this analysis. 

Research experiences which required two courses to be taken sequentially or 

concurrently were included only once. 

The remaining syllabi (n= 76) were then reviewed to ensure that the courses met the 

stated operational definition of engaging students in intensive activities which mirrored 

the process of research and included the five elements of UREs outlined in Auchincloss 

et al. (2014). Typically, this constituted courses which include a substantial lab or field 

based project which required students to work independently or as a member of a group 

to develop research questions, to organize and/or analyze data, and to disseminate the 

results of their research. In many courses this process also involved data collection, 

however courses where students worked with previously collected data were also 

included. One course was removed from the initial database as the project referenced in 

the course description was described as a series of lab assignments instead of a 

cohesive research project.  
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Of the 76 undergraduate biology research courses included in this study, I collected 

complete information for 15 variables of interest from 62 courses by consulting the 

syllabus and/or the course faculty/ administrators. Variables related to the relative 

weight of the assessments (seven variables) were missing from 14 courses, because 

these courses allowed students to negotiate the weight of their assignments with their 

instructors. Eight variables were still collected for these courses by consulting with 

course faculty/ administrators. 

2.2.3 Description of variables 

The variables used in the analysis are described in Table 2.2 and the entire dataset is 

included in Appendix A.  

2.2.3.1 Course Descriptive Variables 

Eight variables were collected from the syllabi for all 76 research courses to 

characterize the courses based on their format: 1) credit worth, 2) length in weeks, 3) 

cost in addition to tuition, 4) semester offered, 5) minimum grade requirement, 6) 

application requirement, 7) number of students per staff, and 8) percent of grade from 

groupwork.  

Course characteristics were derived from the syllabi to differentiate the courses based 

on several continua along which institutions may define undergraduate research 

models. For instance, UREs may be individual or group-based, and they may be 

broadly available to all students or reserved for the students with the highest level of 

academic achievement (Beckman and Hensel, 2009). Elements which could constitute 
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barriers to access were also identified and included as variables. As these variables 

were derived from the syllabi, the range of variables was limited by which variables 

were available across all or most syllabi included in the analysis. The rational for each 

of the variables included in this analysis is described in Table 2.2.  

Table 0.2: Rational for course variables included in analysis 

Variable Rational 

Credit worth Captures the intensity of the course 
Length in 
weeks 

Captures the intensity of the course 

Cost (CAD$) in 
addition to 
tuition  

Possible barrier to access; implications for enrollment 

Semester 
offered  

Possible barrier to access if course is offered exclusively outside of 
the academic year (i.e., during the summer semester); implications 
for enrollment 

Min. grade 
requirement 

Captures the degree to which enrollment was competitive; possible 
barrier to access 

Application 
requirement 

Captures the degree to which enrollment was competitive; possible 
barrier to access 

Student:Staff 
ratio 

Captures the course format (large class, small class, one-on-one); 
captures the opportunity for substantive interactions with faculty.  

% grade from 
group work 

Captures the course format (individual vs. group-based) and the 
opportunity for substantive interactions with peers 

The credit value of courses was standardized to a 2.5 credit full-time semester. This 

was based on the credit system at the University of Guelph, where most single 

semester courses have a credit value of 0.50 and a full-time course load per semester 

is typically 2.50 credits. Among the study institutions, this credit system is shared with 

Brock University, Carleton University, Lakehead University, Trent University, University 

of Toronto, University of Waterloo, Western University, and Wilfrid Laurier University. 

Laurentian, McMaster, Queens, Ottawa, and York Universities follow a credit system 

where full time enrollment is 15 credits per semester. Therefore, the course values at 
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these institutions were divided by 6 for the analysis (i.e. a 3.00 credit course is the 

equivalent of a 0.5 credit course). The length of the course in weeks was also included 

to capture the intensity of the course.  

Because the courses offered through the OUPFB typically occur off campus, they are 

offered at an additional cost to students. Some non-OUPFB courses also charge a 

small fee in addition to tuition for the cost of field trips and course resources. These 

additional fees were included as a variable. The timing of course offerings as during the 

traditional academic year (i.e., fall and winter semesters) or in the summer semester is 

also an important variable as courses offered only in the summer may not be accessible 

to students who rely on summer employment to pay for their education. Courses which 

were offered during the academic year were recorded as ‘yes’, while those offered 

exclusively outside of the traditional academic year were recorded as ‘no’.  The primary 

location of course instruction (on-campus vs. off-campus) was also initially included but 

was determined to be redundant to the ‘academic year vs. summer semester’ variable, 

as all courses which occurred during the academic year occurred on campus, while all 

those which occurred at an off-campus field site, occurred exclusively during the 

summer semester.  Therefore the ‘campus vs. off-campus’ variable was removed. 

Many research courses have competitive enrollment and only a small subset of 

students are accepted. The degree to which enrollment was competitive was captured 

by whether there was a minimum grade required for enrollment (yes, no) and if an 

application was required to enroll (yes, no).  
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The ratio of students per teaching staff was used to capture the capacity for frequent 

student interactions with staff. In courses where a student was working directly with a 

supervisor the class size was recorded as one. In all other instances, the class capacity 

was divided by the number of instructors listed on the course syllabus, plus one 

teaching assistant (assumed, unless otherwise stated). Student interactions with peers, 

is also an important course variable, and so the capacity for these interactions was 

captured by the percent of a student’s grade accounted for by groupwork.  

2.2.3.2 Assessment Variables 

Seven variables related to assessment type were collected from the courses which had 

pre-determined assessments (n=62). Therefore, fourteen courses were excluded from 

this analysis as the weight and type of assessments were determined through 

negotiations between the instructor and the student and were therefore not available in 

the course syllabus. These courses were all AURE-style courses where the student 

works one-on-one with the instructor to complete a research project. The seven 

assessment variables collected were: 1) the total number of assignments, 2) percent of 

grade from oral presentations, 3) percent of grade from written assignments, 4) the 

percent of grade from reflective assignments or activities, 5) the percent of grade from 

research effort/ participation, 6) the percent of grade from data entry or laboratory/field 

notes, and 7) the percent of grade from quizzes or examinations. There were no 

examples of assessments which did not meet the criteria for one of these categories.  
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2.2.4 Statistical Analysis 

I used two categorical principal component analyses (PCA) to observe clustering of 

courses and to classify the research courses into types by each the course descriptive 

variables and by the assessment variables. This approach is based upon an analysis of 

class size using course outline and enrollment data by Cash, Letargo, Graether, & 

Jacobs (2017) and an analysis of the characteristics of residence learning communities 

derived from the websites of nine Canadian universities by Hobbins, Eisenbach, Ritchie, 

& Jacobs (2016). PCA is a statistical tool used to reduce multi-dimensional data into 

fewer dimensions by creating component groups of correlated variables. By graphing 

the courses based on their scores on the first two principal components, clusters of 

courses are created which allowed me to visualize the various groups. The PCA was 

performed using the FactoMineR and factoextra packages in R Statistical Program (R 

Core Team, 2020). For the course descriptive variables, principal component 1 (51.2%) 

and 2 (21.7%) accounted for 73 % of the variance in the dataset. The contributions of 

each variable to the course descriptive principal components are shown in Table 2.3. 

For the assessment variables, principal component 1 (25.2%) and 2 (23.9%) accounted 

for 49.1% of the variance in the dataset. The contributions of each variable to the 

assessment principal components are shown in Table 2.4.  
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Table 0.3: PCA scores of eight descriptive variables that were used to classify the characteristics 
of 76 research courses in Biology departments across fourteen Ontario universities. 

 

Table 0.4: PCA scores of seven assessment variables that were used to classify the 
characteristics of 62 research courses in Biology departments across fourteen Ontario 
universities. 

Variable Binary or 
numerical range 

Principal 
Component 1 
Score 

Principal 
Component 2 
Score 

Credit worth 0.5-2 0.69 -0.24 

Weeks 2-24 0.92 -0.22 

Added cost ($) 0-5500 -0.72 0.33 

Within the academic year Yes=1; 
No=0 

0.83 -0.34 

Minimum Grade Required Yes=1; 
No=0 

0.70 -0.16 

Application Required Yes=1; 
No=0 

-0.04 0.93 

Number of students per 
staff 

1-26 -0.64 -0.64 

Grade from groupwork (%) 0-80 -0.64 0.49 

Variable Numerical range Principal 
Component 1 
Score 

Principal 
Component 2 
Score 

Total number of 
assignments 

2-12 -0.37 0.31 

Grade from oral 
presentations (%) 

0-50 0.41 0.76 

Grade from written 
assignments (%) 

20-100 0.66 -0.65 

Grade from reflective 
assignments (%) 

0-15 -0.47 0.05 

Grade from participation/ 
research effort (%) 

0-40 -0.11 0.64 

Grade from data entry or 
lab/field notes (%) 

0-35 -0.79 -0.23 

Grade from quizzes/ 
exams (%) 

0-45 -0.43 -0.33 
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2.3 Results 

The PCA scatterplot for the course variables (figure 2.2) showed distinct data clustering 

based on the scores of the first two principal components, which accounted for 71.5% of 

the variance in the data. Principal component 1 (PC 1) accounted for the greatest 

amount of variance in this data (48.1%) and nearly all of the variables contributed 

substantially to this dimension, with the greatest contributions from the length of the 

course in weeks, and whether the course occurred outside of the academic year. Only 

the requirement of an application to enroll in the course did not contribute to dimension 

1. PC 2 accounted for 23.4% of the variance and was mostly determined by whether an 

application was required. The ratio of staff to students and the percentage of the grade 

which came from groupwork were also important contributors. The data clustered into 

three groups along these two dimensions. This analysis permits the development of a 

Canadian typology of curriculum-based undergraduate biology research experiences, 

categorised into the following: Type A, Type B, and Type C. 

Fourteen courses did not have predetermined assessment weights, and so were 

excluded from the second PCA analysis. All 14 were categorized as ‘Type A’ by the first 

PCA, where the student was working one-on-one with a faculty member and so could 

negotiate the assessment weights directly with their faculty supervisor. The second PCA 

analysis of the assessment variables (figure 2.3) accounted for a total variance of 

49.1%. PC 1 accounted for slightly more variance in the data (25.2%), with less grading 

emphasis on lab/field notes and greater emphasis on written assignments making the 

largest contributions to this dimension. PC 2 accounted for 23.9% of the variance and 
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greater grading weight on participation and oral presentations and less weight 

associated with written assignments contributed to this dimension. When the typology 

from the previous PCA was overlaid onto the clustering of assessment variables, Type 

A and Type B courses clustered into two groups with Type C courses forming a bridge 

between them. This indicates that Type A and Type B courses use distinct assessment 

patterns and Type C courses use a range of assessment patterns which may resemble 

either of the first two types. However, the course clusters exhibited a lot of variability 

indicating variation both between course types and within them.  

 

Figure 0.2: Clustering of 76 biology research courses at Ontario universities based on the PCA 
obtained from eight variables describing characteristics of the courses. The graphical dispersion 
is then overlaid with labels of the course type assigned to each cluster (Type A- purple, Type B- 
green, Type C- orange) and 95% confidence ellipses plotted for each group.  
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Figure 0.3: Clustering of 62 biology research courses at Ontario universities based on the PCA 
obtained from 7 variables describing characteristics of the assessments. The graphical dispersion 
is then overlaid with label of the course type assigned to each cluster (Type A- purple, Type B- 
green, Type C- orange) and 95% confidence ellipses plotted for each group.   

2.3.1 Type A 

Type A courses (N=37, 49% of the sample) include courses in which a student works 

under direct, one-on-one supervision of an expert, usually a faculty researcher, to 

conduct authentic research in an area related to the researcher’s expertise. The Type A 

course model closely resembles the AURE model described in the literature (see figure 

2.4).  

Type A research courses typically have a greater credit value and are more likely to be 

two semester courses. These courses are often called a ‘thesis project’ or ‘independent 

study’ in the course description and are nearly exclusively offered to upper year 

students. Research projects are completed independently and lack the groupwork 

component that is typical of other courses in this typology. Research in Type A courses 

may be lab, field, or literature-based and aims primarily to engage students in the 

processes of authentic research. Examples of learning goals include, “Students are 
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expected to design a self-guided research question and project at the level expected for 

a fourth-year independent research project within the constraints imposed by the 

course” (BIOL 4522, University of Guelph) and “Students should be able to conduct 

research. Evaluate and analyze the data collected. Write and present a final thesis 

based on the research conducted.” (BIOL 4970F, Western University). Students are 

usually expected to attend frequent meetings with their supervisor and the supervisor’s 

research group, which may result in a peer network comparable to the group 

assignments in other course types. In some cases, students are expected to take on 

additional responsibilities such as contributing to their labmates’ research projects and 

tidying/ maintaining the lab space.  

The process of enrollment in Type A courses can be very similar to a job application, 

“Since students are not just taking a course but are also collaborating in the research 

program of a faculty member, faculty make BIOL537 offers to students based on their 

applications.” (BIOL537, Queen’s University). 72.97% of Type A courses had a 

minimum GPA requirement to enroll, with requirements ranging from 63% to 80%, with 

a mean minimum GPA of 73%. Type A course also always required some form of 

application to enroll. However, the application process ranges in intensity from simply 

having to meet the eligibility requirements (BIOL 4F90/4F91, Brock University) or finding 

a willing supervisor (BIO481, University of Toronto), to more extensive applications 

which may require a research proposal, a CV, an exemplary transcript, a cover letter, 

and/or academic references (BIO4009, University of Ottawa). Enrollment based on the 
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discretion of a potential supervisor is also likely to involve a comprehensive application 

and ‘job’ interview.  

The weight and type of assessments in Type A courses are often negotiated between 

the student and supervisor (n=14 in my sample). When pre-structured assessments do 

exist, they tend to have fewer assignments overall and are based on oral presentations, 

writing, and participation/professionalism/ effort, as opposed to tests, lab/field notes, or 

reflective activities. However, there is a lot of variability in the total number of 

assessments (ranging from 2 -12) and the relative weight of written works vs. oral 

presentations and participation, which tend to co-vary. Often scaffolding of writing 

instruction is built into the assessment structure, such that students are required to hand 

in drafts of writing for editing prior to the submission of their final written assignment.  

In general, apprenticeship research courses act as an introduction to graduate 

research. Indeed, these courses are often geared specifically towards students who 

have an interest in pursuing graduate studies, “This course is strongly recommended for 

students contemplating graduate work in Biology, or who are interested in pursuing a 

career in research of any kind.” (BIO-4C12, McMaster University).  

2.3.2 Type B 

Type B courses (N=31, 40.8% of the sample) are characterized by their scheduling 

outside of the academic year, additional cost, requirement for an application, and a 

higher student to staff ratio than Type A courses. These courses are usually described 

as ‘field courses’ and closely align with the FURE model described in above. Most of 
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these courses are offered through the OUPFB and are available to students at all 

fourteen institutions, however four of them are offered only by the University of Toronto 

(EEB 398H1, EEB 3981, EEB 3982, EEB 3983). While these four course offerings 

differed from the OUPFB courses in length (longer), and cost (no additional cost), they 

still fell within the field course cluster.  

Type B courses are short, intensive courses offered during the summer semester at a 

field research site in Canada or abroad. In some cases, these sites may expose 

students to new, and uncomfortable circumstances, “Biting insects (particularly 

mosquitoes and black flies) are present in extreme abundance at certain sites. It is 

absolutely essential to bring a high-quality bug jacket as well as pants that insects can’t 

bite through.” (AEC, University of Guelph). Due to their short duration, Type B are very 

intensive, featuring long days and few breaks over their two week duration. Typically, 

students and faculty live on site for the duration of the course and share meals and free-

time together. In these cases, accommodations range from tents, to comfortable 

dormitory style residences, “Sleeping accommodations are student dorms (up to four in 

a room and gender specific).” (SEB, McMaster University). Students spend some 

portion of the first week of the course learning about the field site and working to 

develop research questions and hypotheses. During the second week of the course, 

students begin data collection and analysis for their independent or small group 

research project. Dissemination of the research results is usually due at a date several 

weeks to several months after the return from the field site.  
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Students are expected to take on additional responsibilities at the field site, including 

cooking meals, tidying common spaces, and assisting with ongoing research occurring 

at the research station. Finally, unlike other courses, there is an element of tourism 

included in Type B courses. Students may participate in whale watching on the East 

Coast of Canada (MBO, University of Guelph), safari in East Africa (BCE, Queen’s 

University) and snorkelling on a remote island in Belize (TME, Western University). This 

exploring of novel and exciting places is an intentional aspect of many of the field 

courses included in this analysis, “We designed the class to encompass the most 

beautiful places we know from this part of the world.” (WEA, University of Ottawa). A 

detailed itinerary of the day-to-day activities of a field course (AEC, University of 

Guelph) is included in Appendix B.  

The process of enrollment in Type B courses typically involves a competitive 

application. Students who have met the course prerequisites must submit an application 

specifying the top three OUPFB field courses of interest and their complete academic 

record. In some cases, students are also required to provide background on their past 

field and research experiences and their career goals. While some courses indicate that 

students who have met the prerequisites are enrolled on a first come, first serve basis, 

others indicate that the course instructors may select successful applicants from the 

application pool based on merit. Some of the applications do specify that enrollment 

may be based on a competitive GPA, no specific GPA requirements are stated. Unlike 

Type A and C courses, Type B courses typically come at an additional cost on top of 

tuition, to pay for accommodations, travel, and course resources. This additional cost 
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can range from CDN$700 for relatively local field sites (TFB, University of Toronto) to 

over CDN$5000 for field sites overseas (WEA, University of Ottawa).  

Relative to Type A courses, Type B courses are more likely to involve group work, 

perhaps due to larger class sizes. While group work is associated with learning gains, 

we did not find evidence of curriculum in skills related to group work in this study. The 

patterns of types and weights of assessments in field-based research courses were 

variable, with some Type B courses involving major written components and others 

being largely based on assignments related to keeping field or laboratory notes. 

Compared to Type A courses, Type B courses are more likely to be assessed via 

lab/field notebooks, reflective activities, and tests. Written assessments typically have 

less weight on final grades. Oral presentations are the least common/ lowest weighted 

form of assessment during field courses overall.  

2.3.3 Type C 

Type C research courses (N=8, 10.5% of the sample) were a less distinct course type in 

my sample, with relatively few exemplars and greater variability in course characteristics 

and assessment types. Type C courses were only found at four universities, including 

the University of Guelph, the University of Waterloo, Western University, and York 

University. I found that Type C courses are primarily characterized by not requiring 

students to apply to enroll. These courses also trend towards a greater student to staff 

ratio and a greater emphasis on group work. Therefore, the Type C classification best 

aligns with the CURE model described in the literature.  
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Type C courses are often described as ‘experiential learning’ courses in the course 

description. Like other research courses, the goal of Type C courses is to provide 

students with an opportunity to participate in authentic research, as demonstrated by 

this learning outcome: “Plan and execute an independent field research project, from 

development of the experimental question or hypothesis to be tested, to design and 

implementation of the sampling or data acquisition, choosing the appropriate statistical 

or other analytical methods for the data or samples acquired, presenting the results 

graphically and in writing…” (BIOL 3230, Western University). However, unlike the other 

course types in this typology, Type C courses are built into the standard curriculum and 

allow students to conduct authentic research without having to meet GPA requirements 

or to apply for more competitive research opportunities. This is achieved by having 

larger class sizes, making enrollment non-competitive. The on-campus location of Type 

C courses also removes potential barriers associated with travel and living away from 

home, while participating in a Type B course, “Local field sites will be used to run in-

course experiments.” (BIOL 3010, University of Guelph).  

Of the eight Type C courses included in my analysis, three focus primarily on field-

based research (BIOL 3010 & BIOL 4110, University of Guelph; BIOL 3230; Western 

University), four focus primarily on lab-based research (IBIO 4600, University of Guelph; 

BIOL3250, York University; BIOL 349, University of Waterloo; BIOL 4998, Western 

University), and one did not specify the research approach, as the project involved 

collaborating with a community partner and could involve either laboratory or field work 

depending on each student’s specific project (IBIO 3100/4100, University of Guelph). 
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The course formats are also quite variable, with some emphasizing lecture content 

(BIOL 3250, York University) and others focusing on experiential field excursions (BIOL 

3230, Western University). Nearly all courses indicated that some lecture time would be 

spent discussing statistics, doing student presentations, and/or hearing guest speakers.   

While the topics of research in other course types are often limited only by the student’s 

ability to find an advisor or by the practical considerations of the field site, Type C 

research courses may be limited in scope by the course requirements. For instance, in 

BIOL3010 (University of Guelph), students are required to work in teams to investigate 

four research topics which are pre-determined by the teaching staff. While the scope 

may be limited, the learning outcomes in Type C courses include many of the same 

components as the other URE types, including planning and executing a research 

project and developing an appreciation for the process of research; “Learning 

outcomes: … To appreciate the diversity, beauty, intricacies and opportunities involved 

in conducting ecological research” (BIOL 4110, University of Guelph).  
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Figure 0.4: Summary of how the typology outlined in this analysis fits into the previous literature 
on Undergraduate Research Experiences (UREs). Type A aligns closely with the traditional 
apprenticeship model described in the literature. Type B and C both align with CUREs, as they are 
higher enrollment courses which fit within the formal curriculum. However, as Type B is 
competitive, expensive, and occurs outside of the academic year, it may not meet the scalability 
and accessibility requirements outlined in the CURE literature. Therefore, Type B courses are 
considered distinct from Type C courses, which aligns better with the existing literature on 
CUREs, in this typology. 

2.4 University of Guelph Context 

Two PCA analysis were conducted on course (n=9) and assessment (n=7) variables to 

describe the biology UREs and to determine clusters among the research courses. 

These quantitative analyses demonstrate that three distinct types of biology research 

courses exist at Ontario universities (categorized as Type A, Type B, and Type C 

courses). The Department of Integrative Biology (IB) at the University of Guelph (UoG) 

offers courses which cluster into each group, therefore providing an effective context to 
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investigate student perspectives on these course models and their impact on students. 

Therefore, the context of research courses in IB at the UoG is described in more 

specific detail here (see Table 2.5 for specific course details).  

Table 0.5: Description of UREs in IB at the UoG as of the 2019 course calendar. Course 
descriptions are derived from course syllabi with additional details provided by course instructors 
in some instances.  

Course code Course title Credits Staff: Students 

Type A    

IBIO*4500 Research in Integrative Biology I 1.00 1:1 
One semester independent project course in organismal biology under the 
supervision of a faculty member.  
IBIO*4510 Research in Integrative Biology II 1.00 1:1 
Reserved for students who have already completed IBIO*4500; a second opportunity 
to conduct a different independent research project under the supervision of a faculty 
member.  
IBIO*4521/4522 Thesis in Integrative Biology I and II 2.00 1:1 
Two semester undergraduate thesis project in which students conduct a 
comprehensive, independent research project in organismal biology under the 
supervision of a faculty member. Involves an original question and a publication-
quality final report.  

Type B    

AEC Arctic Ecology 0.75 3:20 
Two-week, summer field course occurring in Churchill, Manitoba (the Canadian sub-
arctic). The first week focuses on exploring terrestrial and aquatic invertebrate and 
wildflower biodiversity and completing group projects. The second week, students 
complete an independent research project of their own design related to the field 
environment. Evening lecture modules address career development, local culture, and 
data analysis.  
FEA Field Ecology 0.75 3:25 
Two-week, summer field course occurring in Algonquin Provincial Park, Ontario. 
Emphasis on natural history of plants, invertebrates, and vertebrates. In small groups, 
students design and conduct a research project related to the field site and produce 
an independent research report.  
MBO Marine Biology and Oceanography 0.75 4:20 
Two-week, summer field course occurring in St. Andrews, New Brunswick. Focuses 
on basic oceanographic techniques and the ecology, behaviour, physiology, 
biochemistry, and genetics of marine organisms. Students will conduct group field 
projects related to invertebrates as well as independent research projects pertaining 
to marine invertebrates, either in the field or wet lab.  
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Type C     

BIOL*3010 Laboratory and Field Work in Ecology 0.50 3:80 
Students work in small groups to conduct a detailed investigation related to the 
ecology of the UoG Arboretum. A list of potential topics is provided. Focuses on 
experimental design, sampling, analysis, and interpretation of data. Students have 
several opportunities to submit writing for feedback before submitting final written 
report. Involves lectures and guest speakers about careers, statistics and other 
pertinent topics.    
BIOL*4110 Ecological Methods 1.00 3:40 
One semester course where students work in small groups to conduct a research 
project of their own design. Projects are coordinated around the natural areas of 
campus. Focuses on experimental design, sampling, population estimation, statistical 
inference, data visualization, and scientific writing. Involves lectures and guest 
speakers about careers, statistics and other pertinent topics.    
IBIO*3100/4100 Interpreting Biodiversity I and II 1.50 2:15 
Two consecutive courses which require students to work in small groups with an 
external client to develop research projects which relate to local and global issues in 
biodiversity. Provides opportunities to work with the Biodiversity Institute of Ontario 
and the Centre for Biodiversity Genomics. Lecture times function to guide students 
through their project and to hear guest speakers on relevant topics. The project has 
previously led to a student-authored publication in the primary literature. Publication is 
a major objective. Described as a ‘group Honours Thesis’ by the instructor (R. 
Hanner, Personal communications, May 31st, 2021).  
IBIO*4600 Integrative Marine and Freshwater 

Research 
1.00 2:30 

One semester course where students work in small groups to conduct a research 
project of their own design and interest. Aim is to “provide every MFB student with the 
opportunity to conduct independent, mentor-facilitated research”. Includes learning 
modules (animal husbandry, data analysis, sampling techniques, etc.), discussions, 
and career advice in place of lectures.  

2.4.1 Course types 

Based on the PCA analyses, there are three Type A courses, three Type B courses, 

and four Type C courses for a total of ten courses which require students to complete a 

research project described in the 2019/2020 course calendar for biology students at the 

UoG. Together, the ten UREs offered by IB have the capacity to serve about 330 

students per year.  
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2.4.1.1 Type A 

Type A courses, where students work one-on-one with a more senior researcher, are 

the most prevalent model of research course in Ontario (N=37, 49% of the sample). 

There are three Type A UREs for students in IB at the UoG, including two one-semester 

independent project courses (intended to allow students to complete multiple projects), 

and a two-semester Honours Thesis course. Students may work on any project related 

to organismal biology, including ecology, evolutionary biology, comparative animal 

physiology, or the scholarship of teaching of these areas. While all three project courses 

seek to involve students in the processes of science and require students to complete 

both a research proposal and final report, only the Honours Thesis requires that the final 

written report be of “publication quality”. The two-semester Honours Thesis also offers 

students the opportunity to pursue “research questions and experimental designs that 

cannot be completed in a single semester”. Practically, all three project courses share a 

single course coordinator who coordinates grading and serves as an additional contact 

point for students. No lectures or seminars are included as part of these courses, 

however students from all three course codes do gather several times a semester for 

the coordinator to share grading expectations and for students to make their 

presentations.  

To enroll in any of these three courses, students must make arrangements with a 

faculty advisor and course coordinator at least one semester in advance. In IB, the 

choice to take-on a project student is entirely at the discretion of the faculty member, 
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and they may request transcripts, CVs, and/or conduct a full interview with prospective 

students as part of the enrollment process.  

2.4.1.2 Type B 

The University of Guelph is a member of the Ontario Universities Program in Field 

Biology (OUPFB), which is a program that aims to pool field course resources by 

allowing students to take field courses offered by any member institution and receive 

course credit at their own university. This provides a greater array of field course 

options than any one department would be able to offer on it’s own. The University of 

Guelph contributes three field courses to this collaborative program, and also offers 

several generic course codes through which students can enroll in one of the other ~30 

field courses offered through the OUPFB in any given year. I will focus on the three field 

courses offered by the University of Guelph: Arctic Ecology (AEC), Field Ecology (FEA), 

and Marine Biology and Oceanography (MBO). As per the stipulations of the OUPFB, 

~15/20 spots in each of the courses are reserved for students from the University of 

Guelph, while the rest are open to students from other institutions. In the summer of 

2019, two of the three field courses were missing one student due to last-minute 

cancellation. Due to the short-notice, these spots were not able to be filled, and 

therefore total enrollment was 58 students, out of a total of 60 possible spots. However, 

most Type B courses do fill up quickly and have waiting lists in many cases.  

To enroll, students must submit an application, which includes their current GPA and 

completion of course pre-requisites. AEC also requires students to complete several 
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short answer questions related to their career goals, past field experiences, and past 

research experiences. For all courses, a $350 deposit is required to apply.  

All three of the University of Guelph field courses occur in Canada. AEC takes place in 

Churchill, Manitoba at the Churchill Northern Studies Centre; MBO occurs in St. 

Andrews, New Brunswick at the Huntsman Marine Science Centre; and FEA occurs in 

Ontario at the Algonquin Provincial Park Wildlife Research Station. Each of these 

courses comes at an additional cost to students, ranging from $1000 (AEC) to $2000 

(MBO), not including the costs associated with travel.  

2.4.1.3 Type C 

The University of Guelph offers four Type C research courses in biology, geared 

towards three different broad topics in biology: Ecology, Biodiversity, and Marine and 

Freshwater Biology. All four of these courses are general admission courses with large 

enough class sizes to accommodate the full cohort of a degree major. Despite course 

requirements, some instructors indicated that the courses have relatively low enrollment 

and could accommodate more students (R. Hanner, Personal communications, May 

31st, 2021). The Type C courses in IB require students to work in groups of 3-4 

students to conduct a research project of their own design. While these courses do 

have allotted lecture periods, these are reserved for a combination of instructional 

modules related to project completion (e.g., statistical analysis), guest speakers, career 

mentorship, and/or student presentations. 
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Different courses have different expectations for student research output. For instance, 

Interpreting Biodiversity I and II (IBIO*3100/4100) places the production of a student-

authored publication as a major objective, while Ecological Methods (BIOL*4110) 

prioritizes effective science communication, through the assignment of infographics and 

academic posters. All four courses require the completion of a final research report.  

2.4.2 Course requirement 

The University of Guelph offers five undergraduate majors in IB, including Biodiversity, 

Ecology, Marine and Freshwater Biology, Wildlife Biology and Conservation, and 

Zoology. Four of these majors require students to take one URE as part of their degree 

requirements, by stipulating a specific required Type C capstone course for each major. 

Specifically, Interpreting Biodiversity I and II (BIO*3100/4100) are required courses for 

all students in the Biodiversity major, Laboratory and Fieldwork in Ecology (BIOL*3010) 

and Ecological Methods (BIOL*4110) are required courses for all students pursuing the 

Ecology or the Wildlife Biology and Conservation major, and Integrative Marine and 

Freshwater Research (IBIO*4600) is a required course for all students in the Marine and 

Freshwater Biology major. The Zoology major requires students to complete at least 

one course from a list of electives which includes several UREs and one inquiry 

laboratory course (which was not included in this study). 

In addition to the required Type C courses, the Biodiversity, Ecology, and Wildlife 

Biology and Conservation Majors also require students to select electives from a list 

which includes several Type A and Type B courses; however, students could elect not 

to select them. Given these course requirements, it is expected that nearly every 
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student in a major within the Department of Integrative Biology graduates having 

experienced at least one URE for credit, during their degree. 

2.5 Conclusion 

The main goal of this chapter was to build an evidence-based typology of biology 

research courses across Ontario universities. The data presented in this chapter 

permits the development of a Canadian typology of curriculum-based undergraduate 

biology research experiences, categorised into the following: Type A, Type B, and Type 

C, which align closely with the three models of URE described in the literature, including 

AUREs, FUREs, and CUREs. Therefore, I provide empirical support for the validity of 

the AURE, FURE, CURE typology of UREs in the Ontario context. The presence of 

several high enrollment (Type B and C), and general admission courses (Type C) 

supports previous research demonstrating the uptake of CUREs within the Canadian 

context (Sun et al., 2020). Furthermore, the development of a typology of UREs 

provides a foundation to extend previous research on undergraduate research which 

primarily focuses on the traditional apprenticeship model, to include the other course 

types characterized in this study.  

Furthermore, this analysis determines that all three URE types are offered in the IB 

department at the University of Guelph, demonstrating that the opportunities within IB 

department are similar to those available at other Ontario universities. By embedding 

the UREs offered within the IB department within the broader Ontario context, I validate 

the IB department as a representative sample for additional study. In the next chapter, I 
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will assess and compare the various models of UREs based on student perspectives of 

accessibility and impact.  
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Chapter 3: Comparing biology URE types on measures of 
accessibility and impact at the University of Guelph.  

3.1 Introduction 

Research in undergraduate biology education strongly supports the value of 

undergraduate research (Lopatto, 2004, 2007; Seymour et al., 2004), however the 

traditional one-to-one model of URE is not sufficient to serve large cohorts of 

undergraduate students. In the life-sciences, the long-standing tradition of field UREs 

(also called field courses), whereby small classes of students travel to a field site to 

conduct research in a field environment, serves as an additional pathway to research. 

While evidence of increased grades in subsequent classes (Easton & Gilburn, 2012), 

increased performance from pre- to post- tests compared to classroom learning (Elkins 

& Elkins, 2007), and self-reported learning (Ford et al., 2017) supports the learning 

value of field UREs, it is unclear how their impact on students compares to other UREs. 

Furthermore, field UREs may not be broadly accessible to students due to the high cost 

(to students and institutions), small cohorts, competitive applications, and scheduling in 

the summer semester when many students are required to work to pay for their 

education.  

Current calls for scalable, accessible models of URE have resulted in the proliferation of 

a range of large-enrollment (~20-80 students), curriculum-embedded research courses 

which are collectively referred to as CUREs (Auchincloss et al., 2014). CUREs are 

designed to have the capacity to involve a greater number of students in research. 

Differing from the apprenticeship model and field model of URE, CUREs are integrated 
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into the standard curriculum and most majors require students to complete at least one 

CURE before graduating. Therefore, CUREs are intended to serve all students, not just 

those self-selecting students who seek out a URE on their own. CUREs are therefore 

proposed to reduce the logistical challenges associated with enrolling in a specialized 

program (which may require an application or additional cost) and may reduce the 

stress associated with balancing an independent research project alongside other 

course work during the regular academic year (Auchincloss et al., 2014), or a field 

course alongside employment during the summer semester.  

While the potential of CUREs as an accessible alternative to other models of URE is 

clear, little empirical data to support these claims exists (Corwin, Graham, & Dolan, 

2015). Toma et al. (2015) used self-report surveys and evaluations of student 

assignments to compare a CURE program to a research apprenticeship program, 

demonstrating some evidence that the two programs offered similar benefits.  

However, systematic comparisons of the impact of the various course types, beyond a 

single course or program, does not exist. Furthermore, the essential components of 

CUREs are often poorly defined (Spell, Guinan, Miller, & Beck, 2014). Efforts to 

characterized CUREs such that they could be assessed and compared to both one 

another, and to research internships is ongoing, including the works of Lopatto (Lopatto, 

2003, 2004, 2007), and Corwin-Auchincloss and colleagues (Auchincloss et al., 2014; 

Corwin et al., 2015). However, comparison across the URE types has been limited due 

to the absence a systematic classification of the models of UREs. As a result, attempts 

to validate new UREs as equal to the traditional apprenticeship model have lacked 
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generalizability (Zimbardi & Myatt, 2014), making it unclear if these new, scalable 

models have achieved the aim of providing a more accessible, but equally impactful 

URE.  

In the previous chapter, I used categorical principal component analyses (PCA) to 

observe clustering of individual UREs and to systematically classify the UREs into three 

types, which closely aligned with the three models of URE which exist in the literature 

(Type A=AURE, Type B=FURE, Type C= CURE), based on course characteristics and 

assessment variables. I will use the acronyms AURE (apprentice), FURE (field), and 

CURE (course-based) going forward. Furthermore, I validated that the UREs offered 

through the Department of Integrative Biology at the University of Guelph (UoG) are 

representative of those offered at other Ontario institutions and determined that the UoG 

is a suitable site for further comparison between the URE types.  

In this chapter, I examine the accessibility and impact of these UREs through a mixed-

methods approach which includes both surveys and semi-structured interviews with 

students who participated in a URE within the Department of Integrative Biology at the 

UoG. I then compare across URE types on several important measures of access and 

impact. Specifically, I address the following questions:  

1) How accessible are each of the three URE types? 

a. Who participates in each of the URE types, with respect to underserved 

student groups?  

b. Why do students enroll in each of the URE types?  
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c. What barriers to participation exist for each of the three URE types? 

2) What is the impact of each of the three URE types?  

a.  What best practices are being implemented to engage students across 

each of the three URE types? 

b. What perceived learning do students achieve in each of the URE types?  

3.1.1 Access and barriers to UREs 

Lack of diversity in post-secondary education, especially in science, technology, 

engineering and mathematics (STEM) fields is a critical issue in the current educational 

landscape. Women and minority ethnic groups continue to be underrepresented in 

STEM in Canada and around the world (Michalski, Cunningham, & Henry, 2017; 

Tomaszewski, Powell, Gallop, London, & Gyles, 2011; Wall, 2019), despite decades of 

research on the barriers to STEM enrollment and retention in these groups (Beasley & 

Fischer, 2012; Lundberg, Kim, Andrade, & Bahner, 2018). Furthermore, though far less 

attention has been paid to less visible minority groups, recent evidence indicates that 

LGBTQ+ (Brckalorenz, Garvey, Hurtado, & Latopolski, 2017; Cech & Rothwell, 2018; 

Freeman, 2018), first generation students (Pratt, Harwood, Cavazos, & Ditzfeld, 2019), 

and students with disabilities (Bittinger, 2018; Fairfax & Brown, 2019; Sukhai & Mohler, 

2017) also experience barriers to enrollment and persistence in the sciences.  This lack 

of diversity continues into graduate education and eventually the STEM workforce (K. D. 

Gibbs, Basson, Xierali, & Broniatowski, 2016).  

UREs have been shown to be particularly beneficial to underserved students (Brownell 

& Swaner, 2009; Finley & McNair, 2013; Garvey, Brckalorenz, Latopolski, & Hurtado, 
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2018; Kuh, Cruce, Shoup, Kinzie, & Gonyea, 2008) including first generation students, 

members of visible minority, and LGBTQ+ groups. UREs have been lauded as a key 

experience for keeping undergraduate science students on the pathway to a career in 

science (Haeger & Fresquez, 2016; Hernandez, Schultz, Estrada, Woodcock, & 

Chance, 2013; Hernandez, Woodcock, Estrada, & Schultz, 2018; Lopatto, 2007) as they 

teach skills, increase students’ self efficacy, and provide students with experiences for 

their CV when applying for merit-based scholarships, graduate school, and other 

competitive opportunities.  

However due to the poor scalability of traditional UREs (AUREs) and FUREs, the 

structure of selection processes, the high cost, unpaid time commitments, and cultural 

barriers, UREs are inaccessible to many students and may perpetuate inequities in 

STEM fields. Past research has demonstrated that that students perceive several 

barriers to AUREs, including lack of time and preparedness, lack of student awareness, 

and uneven access to faculty supervisors (Mahatmya et al., 2017; Wayment & Dickson, 

2008). Indeed, some groups of underserved students have been shown to be less likely 

to participate in high impact practices including UREs (Finley & McNair, 2013), though 

this trend has not been found across all groups (see Brckalorenz et al., 2017). CUREs 

are a URE model designed to serve a greater number of students in research, by 

incorporating research experiences into a more traditional classroom setting and 

thereby removing logistical barriers related to self-selected enrollment. While potentially 

powerful for inclusion and equity, the actual and perceived barriers to participating in the 

various models of UREs has never been explored.   
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3.1.2 Measuring impact 

3.1.2.1 Educational good practices 

The concept of educational good practices was first proposed by Chickering & Gamson 

(1987) as principles that positively contributed to educational outcomes in 

undergraduate education. Chickering and Gamson (1987) argued that good educational 

practices include those which encourage contact between students and faculty, 

encourage reciprocity and cooperation among students, encourage active learning, give 

prompt feedback, emphasize time on task, communicate high expectations, and respect 

diverse talents and ways of learning (Chickering & Gamson, 1987). This article has had 

an extensive impact on the field of higher education and has been disseminated for 

assessment and policy making across the U.S and Canada. For instance, the items that 

comprise the National Study of Student Engagement (NSSE), an annual survey which 

has been completed by millions of students since its inception (E.T. Pascarella, Seifert, 

& Blaich, 2009), are an operationalized version of these good practices (Kuh, 2001). 

The Association of American Colleges and Universities (AAC&U) has since updated the 

good practices initially proposed by Chickering & Gamson (1987) to reflect the current 

education landscape (Kuh et al., 2017; Table 3.1).  

An extensive body of evidence supports the validity of these good practices in 

undergraduate education. Examples of studies that support the predictive value of these 

best practices for student outcomes in undergraduate education include the following: 

high performance expectations (Cruce, Wolniak, Seifert, & Pascarella, 2006; Marshall & 

Brown, 2004; Rojas & Liou, 2017); significant time/ effort on task (Cruce et al., 2006; 
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Salsman & Dulaney, 2013); meaningful interactions with faculty (Byars-Winston, 

Branchaw, Pfund, Leverett, & Newton, 2015; Kim & Lundberg, 2016; Komarraju, 

Musulkin, & Bhattacharya, 2010; Rosenthal, Gary, Earl, Nancy, & Bergen, 2000; 

Umbach & Wawrzynski, 2005); meaningful interactions with peers (Cabrera et al., 2002; 

Kurucay & Inan, 2017; Toven-Lindsey, Levis-Fitzgerald, Barber, & Hasson, 2015) ; 

exposure to diversity/novelty (Bowman & Park, 2015; Cotton & Cotton, 2009; Pascarella 

et al., 2014); frequent, timely feedback (Beaumont, O’Doherty, & Shannon, 2011; Hattie 

& Timperley, 2007); real-world applicability (S. E. Brownell, Kloser, Fukami, & 

Shavelson, 2012; Brundiers, Wiek, & Redman, 2010; Burns & Chopra, 2017); and 

reflection/ integrated learning (Ash & Clayton, 2009). It is from this list of best practices 

that I derive my survey items.  

Table 0.1: Eight good practices in teaching, proposed by the AAC&U. 

1) Performance expectations are set at appropriately high levels 

2) Demands significant investments of time and effort  

3) Fosters meaningful interactions with a) faculty and b) peers on substantive topics  

4) Exposes students to diverse perspectives and backgrounds; allowing students to 

contend with circumstances that are unfamiliar  

5) Includes frequent and timely feedback from an instructor or mentor  

6) Provides opportunities to discover the relevance of learning through real-world 

applications  

7) Includes public demonstrations of competence and achievement  

8) Promotes opportunities for reflection and integration of learning 

(G. D. Kuh, O’Donnell, & Schneider, 2017) 
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3.1.2.2 Fink’s Taxonomy of Significant Learning 

While course design and evaluation has traditionally turned to the cognitive domain of 

Bloom’s (1956) taxonomy of learning, Fink’s taxonomy of significant learning presents 

and alternative model of measuring learning which integrates both cognitive and 

affective domains of learning (Fink, 2003). This integration is particularly important in 

the assessment of UREs which have been lauded as benefiting both the cognitive and 

affective domains. For instance, previous research has demonstrated that students in 

UREs learn both about the career opportunities that are available to them (cognitive) 

and develop career aspirations and goals for themselves (affective; Adedokun et al., 

2013). The taxonomy of significant learning was devised to aid in the design of learner-

centred courses which promote higher-order thinking and reasoning and is based on the 

conviction that for learning to occur, change must occur within the learner (Fink, 2003). 

Differing from previous models (e.g., Bloom’s taxonomy of learning), Fink provides a 

non-hierarchical classification, incorporating six essential domains which work together 

to promote significant learning, including: foundational knowledge, application, 

integration, human dimension, caring, and learning how to learn (see Figure 3.1).  
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Figure 3.1: Domains of Fink’s taxonomy of significant learning. Adapted from Fink (2003). 

Foundational knowledge is defined as “students’ ability to understand and remember 

specific information and ideas” (Fink, 2003, p. 31), and provides the basic 

understanding that is the foundation of other kinds of learning. For instance, the 

understanding of major ideas, perspectives, and other aspects of their world. Student 

may then apply this knowledge through application learning, which “allows other kinds 

of learning to become useful” (Fink, 2003, p. 31) and includes the development of skills 

and the engagement of different kinds of thinking (e.g., critical, creative, etc.). Student’s 

may also integrate other types of knowledge and engage in integration learning, which 
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is “when students are able to see and understand the connections between different 

things” (Fink, 2003, p. 31), including ideas, people, and realms of life. While these three 

domains of learning are roughly comparable to Bloom’s cognitive domains of learning, 

Fink’s taxonomy of significant learning also includes several affective domains. The 

human dimension of learning encompasses what students learn about themselves and 

others and enables them to “discover the personal and social implications of what they 

have learned” (Fink, 2003, p. 31). Caring represents how learning experiences may 

change the degree to which students care about something. Fink (2003, p. 31) 

describes the importance of this type of learning, saying that “when students care about 

something, they then have the energy they need for learning more about it and making 

it a part of their lives”. The final dimension of significant learning is learning how to 

learn, which encompasses when students “learn something about the process of 

learning itself” (2003, p. 31).  

Fink’s model posits that learning is synergistic and that each domain is related to each 

of the others. According to Fink (2003) when all six learning domains are integrated, 

significant learning occurs. In this chapter, I use Fink’s taxonomy of significant learning 

as a foundation for content analysis of students’ reflections on the impact of their URE 

experiences. 

3.2 Methods 

3.2.1 Research overview and context 

 In this chapter, I compare the three types of UREs in the Department of Integrative 

Biology at the UoG on measures of student motivations to participate, barriers to 
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participation and enrollment, and educational dimensions of engagement and learning. 

The Department of Integrative Biology is one of three departments within the College of 

Biological Science (CBS) at the UoG. It includes five undergraduate degree majors 

focused on overlapping themes of comparative animal physiology, ecology, and 

evolutionary biology. In the previous chapter, I identified ten UREs offered within this 

department, including three AUREs, three FUREs, and four CUREs. Seven of these 

UREs are included in this study (See Table 3.2 for details). These seven were selected 

because they were offered during the study period, which included the summer 2019 

semester and the 2019-2020 academic year.  

Table 0.2: List of UoG biology courses from which survey and interview data was collected. 

Course 
Type 

Course Code Course Title Semester 
Studied 

Class 
size 

Survey  Int  

AURE IBIO*4510 Research in Integrative Biology II W20 7 3 2 

AURE IBIO*4522 Thesis in Integrative Biology W20 34 9 4 

FURE ZOO*4300 Marine Biology and Oceanography S19 19 18 6 

FURE BIOL*4410 Field Ecology S19 20 12 0 

FURE BIOL*4610 Arctic Ecology S19 19 18 6 

CURE BIOL*3010 Laboratory and Field Studies in 
Ecology 

F20 76 54 8 

CURE BIOL*4110 Ecological Methods F20 40 22 4 

A mixed-methods approach of quantitative and qualitative data collection was used to 

explore students’ motivations to participate, barriers to participation/ enrollment, and 

engagement with the three types of research courses. Specifically, I collected survey 

and semi-structured interview data. The details of each of these methodologies and 

their connections to the research questions are described below.   
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3.2.2 Data collection 

3.2.2.1 Surveys 

Surveys were used to collect demographic data, to assess students’ perceptions of 

barriers to enrollment/ participation, and student engagement with course curriculum. In 

all cases, surveys were distributed in collaboration with the course instructors using 

Qualtrics (2019) software. For the FURE and CURE courses, I gave a short 

presentation about my research and invited students to complete the survey during 

class near the end of the semester. The course instructor then emailed the survey to all 

students and posted the survey on the online course portal for the rest of the semester. 

Due to the timing of my data collection in the AURE courses and COVID-19, I did not 

present my research to the students in the AUREs, and no class time was allocated for 

survey completion. Instead, I provided a written description of the research and the 

letter of information and consent was emailed to the students by the course coordinator 

shortly after the completion of the final assessment. The FURE and CURE courses both 

had survey response rates that far exceeded the average response rate for online 

surveys (Baruch & Holtom, 2008), with a survey response rate of 82.8% (n=48) and 

65.5% (n=76) respectively. The AURE courses had a survey response rate of 29.3% 

(n=12). This lower response rate is likely due to the survey being deployed by email in 

April of 2020, during the peak of the COVID-19 pandemic in our region. While lower 

than the other course types, this still represents an adequate response rate and is 

similar to the survey response rates of undergraduate students in other major studies. 

For instance, the average response rate for the National Survey of Student Engagement 

(NSSE) at US institutions in 2020 was 30%, though the response rate at Canadian 



 

 

51 

 

institutions was somewhat higher at 36% (National Survey of Student Engagment, 

2020).  

Self-reported academic data were collected, including student major, semester of study 

and GPA. Demographic data related to parents’ highest level of completed education, 

whether the student had transferred from another institution, ethnicity, and disability 

status were collected for students in all course types. Questions about student gender 

and sexual orientation were added to the survey after the deployment of the survey to 

the FURE courses, and therefore these data were not collected for those courses.  

Students then completed two survey sections about barriers to enrollment/participation 

and engagement. Survey questions were composed primarily of Likert scale items 

which were tested on a seven-point Likert scale from ‘strongly disagree’ to ‘strongly 

agree’. Some items were reverse keyed to ensure the reliability of the scale and to 

dissuade against response bias, whereby subjects tend to select positive responses on 

a Likert scale. All students were asked to indicate their availability for follow-up interview 

and were provided the option of sharing their contact information.   

3.2.2.1.1 Barriers to participation 

One aim of this research was to identify the presence of barriers to enrollment and the 

degree to which these are present across course types. Through critical reflection, 

participant observation, and consultation with past course participants and teaching 

staff, I compiled a list of possible barriers to participation in research courses. I then 

developed 1-3 survey items to reflect each of these barriers (See Table 3.3). 
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Table 0.3: List of barriers and related Likert scale items included on survey. 

Barriers Likert scale items  

Financial 
 

Financing the costs associated with this course was difficult.  

I would not have been able to attend this course if I did not 
have financial assistance (i.e. grants, loans, scholarships). 

Logistical 
 

Organizing transportation to and from this course was a 
concern for me. 

I had no concerns about my living situation during the time that 
I was enrolled in this course. * 

The logistics of enrolling in this course were easy. * 
Intensity 
 

I was scared that I wouldn't succeed academically in this 
course. 
Fitting this course into my schedule was difficult.  
The time commitment of this course was greater than similar 
courses at this level. 

Social 
 

The extent to which I had to interact with other students (i.e. 
groupwork, living in dorms, etc.) made me nervous to enroll in 
this course.  

Fears about meeting new people made me nervous about 
enrolling in this course.  

Health I did not need to consider my mental or physical health when 
choosing to enroll in this course. * 

I was worried that I may not be able to participate in some 
activities on this course due to my mental or physical health. 

Working with my Student Accessibility Services adviser to 
develop accommodations for this course was simple.1   

* indicates items which are reverse keyed 

1 only shown when students indicated that they had accommodations for the course 
through Student Accessibility Services (in the demographics section). 

Students were also asked to rank the relative importance of barrier types from one to 

three. Barriers listed included: Difficulties with the enrollment process, cost of the 

course/ tuition, missing employment or employment opportunities, missing obligations 

other than employment, living situation, transportation, mental health, physical health, 

and fear of being unsuccessful. Options to select ‘no barriers’ or to indicate a barrier 

that was not listed were also included.  
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3.2.2.1.2 Engagement 

Another aim of this research was to investigate student engagement in each course 

type. This was measured by looking at student engagement with high-impact teaching 

practices and through qualitative measures of engagement and learning. Survey items 

regarding high quality teaching practices were based on Kuh, O’Donnell, & Schneider 

(2017), which outlined eight key features of high impact teaching. 1-3 items were 

created for each of the eight features outlined (Table 3.4). 

Table 0.4: List of key good practices derived from Kuh et al. (2017) and the related Likert scale 
items included in the survey. 

Kuh et al. (2017) HIP key 
features 

Likert scale items 

Performance expectations 
set at appropriately high 
levels.  

I felt I was challenged beyond my initial ability level in 
this course. 
I felt that learning in this course was repetitive of what I 
have learned in past courses. * 
This course was an easy A. * 

Significant investment of 
concentrated effort by 
students over an extended 
period of time. 

This course demanded substantial effort. 

I could do well in this course without really learning 
anything. * 

Interactions with FACULTY 
and peers about 
substantive matters. 

I would feel comfortable asking my professor in this 
course to act as an academic reference for me. 
My professor is passionate about what they are 
teaching. 
The teaching team contributed positively to my 
experience in this course. 

Interactions with faculty and 
PEERS about substantive 
matters. 

Groupwork in this course was a waste of my time. * 
I found myself talking about what I was learning in this 
course outside of class time. 

 I think I had a good idea of how other students in this 
class were doing. 

Experiences with diversity, 
wherein students are 
exposed to and must 
contend with people and 
circumstances that differ 

The discussions and/or activities in this course 
challenged my way of thinking.  

This course allowed me to connect and discuss with 
people who are different from me. 
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from those with which the 
students are familiar.  
Frequent, timely and 
constructive feedback.  

Feedback from the teaching team (faculty, instructors, 
and teaching assistants) was given in a timely manner. 
Feedback from the teaching team (faculty, instructors, 
and teaching assistants) helped me to learn. 

Opportunities to discover 
relevance of learning 
through real-world 
application. 

This course allowed me to draw on concepts from past 
courses. 
This course did not involve much critical thinking. * 
Learning in this course felt relevant to real-world 
applications. 

Periodic, structured 
opportunities to reflect and 
integrate learning.  

This course encouraged me to make connections 
between theory and real-world application. 
This course was life changing. 
 

*indicates items which are reverse keyed 

3.2.2.2 Semi-structured interviews 

Semi-structured interviews were conducted with a sub-set of students from all three 

course. Students were selected from six courses, as I was not able to interview one of 

the FURE courses (BIOL*4410) due to time constraints. All students who indicated their 

interest on the survey were contacted for an interview. I interviewed 14.6% of students 

enrolled in one of two AURE courses (n=6), 95% of students enrolled in one of two 

FURE courses (n=36), and 14.7% of students enrolled in one of two CURE courses 

(n=17). I then used a random number generator to select twelve FURE course and 

CURE course interviews to include in the analysis. All six interviews of students enrolled 

in AURE courses were included in analysis, for a total of 30 interviews. This far exceeds 

the recommendations of Guest, Bunce, and Johnson (2006), which found that 12 

interviews were sufficient to identify 92% of the qualitative codes present after 60 

interviews. By more than doubling the recommended number of interviews I ensured 
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that low frequency codes, such as the experiences of minority student groups, would be 

captured in my sample.  

I conducted open-ended, semi-structured interviews with each student near, or shortly 

after, the completion of their course. Interviews with students who had participated in 

the FURE or CURE courses were conducted in-person, in a private location that was 

free from distractions. Interviews for the AURE courses were conducted virtually using 

the video calling platform Zoom (2020), due to the COVID-19 pandemic. The purpose of 

the interviews was to obtain detailed insight into the participant’s experience during their 

course. Participants were asked to share their motivations for enrolling, barriers they 

experienced when enrolling and participating in the course, and any significant 

takeaways or learning outcomes that they achieved (see Appendix C for interview 

questions).  

3.2.3 Data preparation and analysis 

3.2.3.1 Quantitative 

All quantitative statistical analyses were conducted in R statistical program (R Core 

Team, 2020). All figures were produced in R statistical program (2020) using the plugin 

ggplot2 (Wickham, 2009). In accordance with ethical standards, students were not 

required to complete all survey questions to be included in this research. Therefore, 

there is some missing data for some questions, particularly on those questions related 

to demographics. When analysing these variables, students with missing data were 

automatically removed from the analysis by the statistical program. Additionally, 

students who did not complete at least three quarters of the survey questions were 
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removed from the dataset by the researcher. The final participant pool was 136 

individuals (n=136). 

I downloaded all survey data from the seven different courses from Qualtrics and 

combined them into a single dataset. Course variables (course type and course code) 

were added to the data set. I linked interview and survey data together and assigned 

identification codes for all participants, to anonymize the data set. I then calculated 

aggregate indices of the ‘barrier’ and ‘engagement’ variables in accordance with Table 

3.3 and Table 3.4. For instance, the aggregate financial barrier variable was collected 

by adding the Likert scale responses to ‘Financing the costs associated with this course 

was difficult’ and ‘I would not have been able to attend this course if I did not have 

financial assistance’ together and dividing by the number of statements (in this case, 

two). These indices were also aggregated into one value, to compare total barriers 

across course types.  

A series of one-way analyses of variance (ANOVA) were then conducted in order to 

compare students’ responses to the ‘barrier’ and ‘engagement’ Likert survey items 

across the three course types. Specifically, I used ANOVAs to compare between course 

types for 1) each Likert item individually, 2) the aggregate indices of related Likert items 

(as per Tables 3.3 and 3.4), and 3) the aggregate of all indices. No quantitative data 

related to students’ motivation to enroll was collected.  
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3.2.3.2 Qualitative 

All interviews were audio recorded and transcribed verbatim to preserve the semi-

structured interview format and transcriptions followed standardized interview 

transcription procedures outlined in Guest, Namey, & Mitchell (2013). The transcriptions 

of the 30 interviews (n=30) included in this study amounted to 57,231 words and 152 

pages of transcribed data. All qualitative analysis was conducted using NVivo qualitative 

data analysis software.  

I explored themes in students’ self-identified motivations for enrolling, experiences of 

barriers and challenges, and learning as it relates to their experiences in one of three 

UREs. Therefore, content analysis was deemed the appropriate methodological 

framework. I used emergent, concept-driven coding (Gibbs, 2012) to identify the 

prevalent themes in students’ self-identified motivations for enrolling in a URE and their 

reported experiences of barriers. This method was deemed appropriate given the 

limited literature related to motivation and barriers in learning, as it allowed me to extract 

the prevalent themes from the data by creating several simple codes, and subsequently 

grouping related codes together to find patterns and infer meaning. For responses 

which were related to self-identified student learning,  I used Fink's (2003) taxonomy of 

significant learning as a theoretical framework for coding, which ensured that analysis of 

students’ statements was embedded in existing learning theory.   
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3.3 Results 

3.3.1 Accessibility across URE types 

3.3.1.1 Profile of student researchers by course types 

There were some differences in the demographics of students in each URE type. 

FUREs were slightly more likely to include students who were members of an 

underserved group (based on first-generation student status, transfer student status, 

ethnicity, and registration with disability services), however this was mostly driven by the 

fact that the FURE courses had the greatest proportion of non-white students. This may 

be in part because these courses are collaborative across several Ontario institutions 

and so include students from universities with a more diverse student base than the 

UoG (which is primarily white). Notably, when ethnicity was excluded, the FURE and 

CURE courses included about the same proportion of students from underserved 

groups (FURE: n=21, 43.75%; CURE=33, 43.42%), while the AURE courses included a 

lower proportion of students from underserved groups (n=4, 30.77%). The CURE 

courses were also the most likely to include students who identified with more than one 

underserved demographic group. For a summary of the student researchers’ profile by 

URE type, see Table 3.5.  

3.3.1.1.1 AUREs (n=12) 

The majority of students in AUREs were in their 4th year of study or above (92.30%) and 

had an average GPA of 3.3/4.0. No students in this course type indicated that they had 

transferred to the UoG during their undergraduate degree.  
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Students in this course type typically came from educated families and had at least one 

parent who had completed an undergraduate university degree or above (84.62%). 

38.46% indicated that they had at least one parent who had earned a graduate or 

professional degree; 46.15% indicated that they had at least one parent who had 

graduated from university; while only 15.38% indicated that neither of their parents had 

completed an undergraduate university degree.  

The proportion of men and women was 38.46% and 53.85% respectively, with 7.69% 

identifying with a non-binary gender identity. 84.61% of students identified with a 

heterosexual sexual orientation. 76.92% of students identified as white and only two 

students (15.38%) spoke English as an additional language.  

Students in AUREs self-reported greater rates of disability compared to other course 

types, with 38.46% of students indicating that they had at least one disability, primarily 

related to mental health. However, only 15.38% of students were registered with student 

accessibility services.  

3.3.1.1.2 FUREs (n=48) 

Students who completed FUREs were at different stages of completing their degree: 

31.25% completed a field course in their 4th year or above; 52.08% were in their third 

year; and 16.66% were in their second year of study. The average GPA of students 

enrolled in a FURE was 3.1/4.0 and 8.33% of students indicated that they were transfer 

students, having transferred to a new university partway through their degree.  
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31.25% of FURE students indicated that they had at least one parent who had earned a 

graduate or professional degree; 39.58% indicated that they had at least one parent 

who had completed an undergraduate degree; while 29.17% indicated that neither of 

their parents had completed a university degree.  

No data were collected on gender identity or sexual orientation. 64.5% of students 

identified their ethnicity as only white, 12.50% identified as Southeast Asian, 10.42% 

identified as South Asian, 8.33% identified as Indigenous, 2.08% identified as Latin 

American, and 2.08% identified as Black. Of all the students enrolled in the FURE 

courses, 6.25% spoke English as an additional language.  

Students in FURE courses self-reported the lowest rates of disability compared to other 

course types, with 22.92% of students indicating that they had at least one disability, 

primarily related to mental health and only 12.50% of students indicating that they were 

registered with student accessibility services.  

3.3.1.1.3 CUREs (n=76) 

Students who completed CURE courses were usually in their third year of study or 

above (3rd year= 47.37%, 4th year and above = 50.00%), with the remaining 2.63% 

being in their second year of study. The average GPA of students enrolled in a CURE 

was 3.0/4.0 and 10.67% of students indicated that they were transfer students, having 

transferred to the UoG partway through their university degree.  

Students enrolled in CURE courses were the least likely to have at least one parent who 

had completed a graduate or professional degree (26.32%). However, they were about 
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as likely as FURE students to indicated that neither of their parents had completed a 

university degree (CURE= 28.95%; FURE course= 29.17%).  

The proportion of men and women was 19.74% and 78.95% respectively, with 1.32% 

identifying with a non-binary gender identity. 84.21% of students identified with a 

heterosexual sexual orientation. As with the other research courses, the majority of 

students identified their ethnicity as white (81.58%). 2.63% of students indicated that 

they spoke English as an additional language.  

Students in CURE courses reported a slightly lower rate of disability compared to 

AUREs, with 26.32% of students indicating that they had at least one disability. Again, 

the greatest proportion of these were primarily related to mental health. Similarly, to 

AUREs, 15.79% of students indicated that they were registered with student 

accessibility services.  

 

Table 0.5: Summary of student researcher profiles across the three URE types (n=137).  

Demographic Variable AUREs (n=13) FUREs (n=48) CUREs (n=76) 

GPA (mean) 3.3/4.0 3.1/4.0 3.0/4.0 
>/= 4th year of study 92.30%  31.25%  50.00%  

At least one parent 
with a graduate or 
professional degree 

38.46%  31.25%  26.32%  

Transfer Student 0%  8.33%  10.67%  

Women; Non-binary 53.85%; 
7.69%  

No data collected 78.95%; 1.32%  

LGBTQ+ 15.39%  No data collected 13.51%  
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Non-white ethnicity 23.08%  35.42%  18.42%  

Language: English as 
an additional language 

15.38%  6.25%  2.63%  

Disability 38.46%  22.92%  26.32%  

Registered with SAS 15.38%  12.5%  15.79%  

3.3.1.2 Motivations to enroll 

When asked the question “Why did you choose to enroll in this course?”, students 

responded along five main themes: 1) To gain hands-on experience, 2) because the 

course was a degree requirement or restricted elective, 3) Novelty/ Adventure, 4) The 

course topic and/or format, and 5) An existing relationship with the professor. Of these, 

only the motivators “to get hands-on experience” and “an interest in the topic/ format” 

emerged across all three course types. The other three were each specific to one 

course type (Figure 3.2).  

 

Figure 0.1: Summary of students’ major motivations for participation across the three URE types.  
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3.3.1.2.1 To gain hands-on experience 

The first major theme which emerged in my analysis was that students were motivated 

to enrol in research courses because they wanted to gain hands-on experience (N=18, 

60.00%). This theme was prevalent across all three course types and was most 

common in FUREs (N=9, 75.00%), followed by AUREs (N=4, 66.67%), and finally 

CUREs (N=5, 41.67%). Responses indicated that students appreciate the opportunity to 

engage in the genuine activities of research. However, the motivation for gaining hands-

on experience did differ between the three courses.  

For instance, some students considered the hands-on approach of their AURE to be an 

opportunity to prepare for graduate studies, saying “I thought that doing an undergraduate 

thesis would give me a much better understanding of what the workload would be like when doing a 

[graduate] thesis. And then, if I did move on to doing a masters, then I would understand what I need to 

do, what time frames to set out, just the general layout of how to conduct myself to do my best or be the 

most productive.” [AURE, S-225]. 

Students in FURE courses also saw the URE as a pathway to graduate studies, 

however these students reported that their motivation was to gain insight about if they 

enjoyed the experience of research, rather than to gain skills. For instance, one student 

reflected, “I really wanted to know if I wanted to do my master's and find a job, or if I wanted to get a job 

right after completing undergrad. So, the purpose of going on these field courses is trying to figure out if I 

want to do research-- if I like being a researcher.” [FURE, S-219]. Similarly, another student 

reported that they weren’t sure if research was for them, and that they “thought it would 

give me good insight and little bit of a leg up to see what’s out there.” [FURE, S-102]. Other students 
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were motivated to gain practical skills and to round-out their degree. One student 

reported that they were interested in taking the learning they had done in lecture into the 

real world, saying “It's hands on experience in the field and I knew that you get a good about of 

education through class and lecture, but you don't get actual field work experience-- Like actual, this is 

what your career could look like experience. And I really wanted that. I wanted to be able to have 

something that would actually be applicable to future careers and stuff like that.” [FURE, S-044]. 

Another student echoed this sentiment, saying “I felt like it was a great opportunity to get first-

hand experience because when you’re in classes-- and even labs—everything is pre-prepared for you 

and it’s like you follow a recipe and I just feel like it is more realistic out in the field. [FURE, S-164]. 

Similarly, students in CUREs saw the hands-on applicability of the courses as a “very 

useful” experience to round-out their degree, but not necessarily to prepare for graduate 

studies or a particular career goal. One student described the feeling that there was 

more to science than what they were learning in lectures, saying “I read that it was an 

experiential learning course and I saw that we would be doing more hands-on stuff. I wasn't sure what the 

hands-on stuff meant, but I knew there was more to science than just theory. A lot of the classes that I 

have right now are mostly just theory-based. They give you information and you get tested on that 

information, but you don't really get tested on how to use that information. So, I thought that would be a 

good addition to my degree. [CURE, S-187]. Another student talked about the value of CUREs 

as an important introduction to undergraduate research, saying “I remember when reading 

the course description, it seemed very useful. Because it just basically teaches you how to do your own 

research, which is something that I already did on [a field course]. But, when I wrote my paper for [the 

field course], I felt under-prepared for the writing. I think that was messed up because of me-- because I 

took a fourth year field course before I took my required [CURE course] which was all about learning to 

write a paper. You know? So, I wasn't prepared enough for [the field course] and I realized that last 
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semester. Yeah. So, [the CURE course] just looked like it was going to lay a good foundation. [CURE, S-

102]. Many students reiterated that CUREs were their first introduction to research and 

piqued their interest in other UREs. This supports the notion that CUREs empower 

students who might never have engaged with research to continue on a research 

pathway.  

Finally, student across several course types indicated that they enjoyed learning 

through hands-on processes and the anticipation of an enjoyable learning experience is 

what motivated them to enroll. For instance, one student commented, “I already had 

experience with experiential learning, and I found that I really did well in those kinds of situations. [In a 

previous experiential learning program] we got to do a lot of hands on work, and I found that I was more 

engaged and more excited about the work. Normally in a classroom setting I find it harder to connect with 

profs, ask questions and I am more self-conscious. But in a smaller setting, I kind of am able to get over 

that a little more easily” [FURE, S-159].  

Overall, students in all three course types were motivated by the hands-on and practical 

components of the URE. They enjoyed hands-on learning in the past, and they believed 

that the experiences they would gain in these courses would help them to prepare for 

their next career steps, learn about themselves, gain insight about their career goals, 

and learn practical skills.   

3.3.1.2.2 Course topic 

An interest in the course topic was also indicated as being a motivator by students in all 

three course types (Total: N=5, 16.67%, AUREs: N=1, 16.67%, FUREs: N=2,16.67%, 

CUREs: N=2, 16.67). While less frequently mentioned, those students who indicated the 
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course topic as a primary motivator, indicated the strong influence of the topic on their 

choice to enrol.  

For instance, one student in an apprenticeship research course spoke about how their 

research project was the first opportunity to work in their desired field: 

I've always loved wildlife and I have always been great at math. Throughout university I have always been 

thinking about how I can integrate these two. I would talk to people and everyone would say, 'statistics is 

always a part of ecology. You could do that! Future projections and yadiya'. But I don't know…. Courses 

would kind of briefly go over the connection and maybe have a sneak peak, but they wouldn't go into 

depth on how the two fields are integrated. It was always just one field or the other. I didn't know how they 

integrated together. Like, I even asked myself if I was in the right major. Should I be in a math major 

instead, or... I had no idea. I remember in third year I took a Zoology course where the prof mentioned 

that 'there are these thesis courses, that you could take in your fourth year. But you would need to find a 

prof to support you'. So, I knew about the thesis courses, but I honestly didn't think anything was going to 

happen with them…. Then, winter came, and I took [course code]. I remember that in the first class I saw 

[the PI] and he described himself, saying 'okay, so I'm a PhD in mathematics and I brought that over to 

Ecology', and my jaw just dropped. I was like, okay, maybe this guy can help me. (AURE, S-006) 

Other students discussed how the field course format of the FURE courses, combined 

with the topic actually drove their choice of degree program or university to have the 

opportunity to attend a field course in their preferred area of study. For instance, one 

student commented “I’ve wanted to do this [field course] since high school. I knew that Zoology was 

the program that I wanted to do and very few schools offered it. It was either Guelph or Laurentian. So, I 

spent a lot of days just looking through the courses [offered at both universities]. And at Guelph, in fourth 

year, it had all of these different field course options and everything, and I looked through all of them and 

saw [course code] and was like ‘that's the one I want to do’” [FURE, S-098]. Another student 
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described how they transferred universities in order to ensure they were able to take 

their preferred field course, “I am transfer student. I looked at the [Ontario University Program in 

Field Biology] options and they had a bunch of really cool ones, but I really wanted to do the [course 

code]. So literally, I learned about all these courses last year by myself. And then, I decided to go transfer 

to the university that had [the course I wanted to do]. So that's kind of how I got into the field course. I was 

just so interested in [the field course] that I transferred to the UoG. I was like, if this university has this 

course as one of their field courses, then they probably have other opportunities in that field as well. And I 

really want to be an Arctic researcher. So that was a big draw” [FURE, S-159]. 

In the CURE courses, students spoke about a similar strong interest in the course topic 

and format. For example, one student said “[I enrolled] mostly just out of interest. I didn't need it 

for my program --I'm in Marine and Freshwater biology. But I find Ecology really interesting. I just found it 

interesting.” [CURE, S-051]. CUREs also drew students to enroll in specific majors. For 

instance, one student described how they chose to switch to a new major, because the 

required CURE course in that major seemed interesting to them, “I switched majors and it 

became one of the required courses. I actually kind of switched because of [the course]. I was debating 

about switching my major and then I saw this course and I thought that it seemed really interesting and it 

kind of swayed my decision about what I was going to switch to.” [CURE, S-141].  

Though a smaller number of students indicated that the course topic was the primary 

motivator, it was clearly an important motivator for these students, given that many of 

them talked about changing the course of their academic career in order to enrol in a 

specific URE. These students attributed a huge amount of value to the opportunity to 

take a URE in their direct area of interest.  

Course was a degree requirement or restricted elective 
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 The second most prevalent theme in my analysis was that students enrolled in 

research courses because they were either required courses or were the preferred 

course between two restricted electives (N=10, 33.33%). This theme was only prevalent 

in CURE courses (N=9, 75%). Only one student in a FURE course indicated that this 

was a motivator (N=1, 8.33%), saying “I only had one credit left that I needed, so I had to do either 

this or an individual research project with a professor. Because I only have one credit left, and I didn't 

really want to do the [AURE courses], so I looked into [the OUPFB field courses].” [FURE, S-142].  This 

theme was not mentioned at all by students enrolled in AURE courses. This spread 

aligns with the fact that CURE courses are typically stipulated as part of degree 

requirements, while AUREs and FUREs are not required for most students.  

Most of the students who indicated that degree requirements were their primary 

motivation for enrolling indicated that they probably would not have enrolled in the 

CURE as an elective. For instance, one student said “I took that class purely because I needed 

to for my ecology minor, that was honestly it. I didn't even read the class description, I just signed up 

because I was like I need this. Which is sad. I would not [have taken it otherwise].” [CURE, S-070]. 

However, there were other students who felt that the degree requirement alerted them 

to the opportunity, but that they would have wanted to enrol even if the course was not 

required, had they been aware of it. For instance, one student said, “I enrolled in it because 

I am in Wildlife Biology and Conservation, and it’s a required course. So, didn't really have a choice. But I 

didn't know about this course before I saw it on my required course list. When looking at the outline for 

the course and reading it, it sounded like it would be interesting, different from a lot of other courses. So, I 

definitely might have considered [taking it, regardless]. [CURE, S-199].  These quotes demonstrate 
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the effectiveness of CURE courses at recruiting students who may not otherwise have 

participated in research.  

3.3.1.2.3 Novelty/ Adventure 

The third most prevalent theme in my analysis was that students enrolled in UREs 

because they wanted to experience adventure and novelty (N=9, 30.00%). This theme 

was most common in FUREs (N=8, 66.67%), however it was mentioned by one student 

in a AURE course. Novelty was not indicated as a motivator in the CURE course format.   

Students indicated that a major motivator of the FURE courses was the opportunity to 

explore a novel environment, either in the Canadian sub-arctic or on the east coast. The 

idea of adventure travel was particularly appealing to students. For instance, one 

student commented, “I thought that it would be interesting to go on a bit of an adventure, while still 

getting a credit. Going somewhere that I otherwise really wouldn't have the opportunity to go to and to 

explore as much as we did. I felt like Churchill was more of a niche place that I wouldn’t usually get to see 

as much as I did. I mean… I could go to New Brunswick or Algonquin and have the same opportunity to 

explore on my own, but Churchill was really different. [FURE, S-036]. Another student echoed this, 

saying “I thought a field course would be really exciting, like cool to go travel somewhere else because I 

haven't done that separately from my family a whole lot.” [FURE, S-067]. Other students were more 

interest in the novelty of exploring a new environment, saying “I’ve just never been that far 

North before.” [FURE, S-102], and “I was interested in going up north, like to the Arctic. And this was the 

closest I could get.” [FURE, S-142].  

Other students described the FURE courses as an excuse to travel with peers and 

placed much greater emphasis on their desire to travel in general, than on the 
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exploration of the specific field site. One student describe how they used the field 

course experience to replace a semester abroad as the field course was logistically 

easier to enroll in, “The opportunity to travel and go, that just sounds so cool to me. I had really 

wanted to do a semester abroad, but it was just going to be too complicated, having to transfer the credits 

back and everything and I just didn't want to have to deal with all that stress so I said 'oh I’ll do a field 

course instead, it's easier because it's with the university, but it's still a cool experience'.” [FURE, S-202].  

Other students were motivated by the novel course elements, as opposed to the 

destination. For instance, one student described how they felt that the research element 

of the courses presented a unique experience that they would be unable to participate 

in outside of the university context, “I feel like doing a research course, although it is a little outside 

my comfort zone, it's something that I won't be able to anywhere else outside of university. Or at least 

having that learning experience and having people understand that you are still new to research and 

they're actually very supportive. So that's why I chose to do the research course. I wanted to dip my feet 

in before I graduate and don't have the opportunity elsewhere. [AURE, S-190].  

3.3.1.2.4 Existing relationship with a professor 

When asked about their motivation for enrolment, only a small number of students 

indicated that an existing relationship with a professor was a primary motivator (N=4, 

13.33%). However, all of the students who indicated that a professor motivated them to 

enrol had participated in a AURE course (N=4, 66.67%).    

Of these, two students indicated that they had been actively recruited to work with a 

professor. The first described how a conversation after class ultimately resulted in both 

a summer job and an opportunity to complete a URE, “We were just talking, and he asked me 
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to come to lab meetings to get an idea of what his lab studies. So, through doing the course and talking to 

him, we started sharing ideas and I told him some of the stuff that really fascinated me from his course. 

So then -- it was amazing-- he offered me a job during the summer, with him, working as a theorist. I had 

to learn how to biological theory. Doing all the mathematics and calculations. I was mainly in the lab just 

reading and doing calculations and working on coding. And then it came time to pick courses and I read 

about the thesis course again where it said that students can replace the group research project with an 

individual thesis course, if you have an instructor. So, I asked [the PI] and he said 'sure, I'll take you on. I 

mean were building your theory. So, let's continue it!' So that's how I took the course and I think I just 

decided to register for it in like August, like the week before school started. [AURE, S-006]. Another 

student described how volunteering in their professor’s lab resulted in the professor 

inviting them to complete an AURE with them, “I was actually asked to do [the AURE course] by 

[the PI] and it was like ‘Yeah that sounds great, I would love to do that’. So, it didn't take a lot of planning 

to actually get to the point of doing it, because I was already volunteering in the lab…. [The advisor] 

generally will ask any undergraduates who are in his lab going into their final year if they are interested in 

doing a research project because he likes to do that before taking them on as grad students. [AURE, S-

115]. Both of these students were already working in their advisors’ lab group when they 

were recruited to participate in the URE.  

Whereas in the other two cases, a previous positive experience with a faculty member 

emboldened the student to reach out to a faculty member for supervision of their 

research project. For instance, one student said “[The advisor] taught a couple of my courses 

and some people didn't like his teaching style, but I actually did. It worked well for me. And I liked him as 

a person. I think, a lot of people had to do an interview to get their thesis position, but I just went into his 

office and asked if he wanted a thesis student, and he was like 'sure'. He did check to see if my marks 

were there and that was it. [AURE, S-138]. Another student described how they had previously 
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had a positive experience working for their advisor, which motivated the student to 

reach out to the advisor about supervising their project, “I guess it helped that I was an 

undergraduate research assistant with [the PI's] lab last summer. I did look at other profs labs to see if 

they would be a better fit for me and what not, but I still really liked [the PIs] lab just because there is a lot 

of the computational stuff that I wanted to sort of challenge myself with. Also, I know that she collaborates 

with lots of people which is also to my liking. Also, just [the PI] herself is very flexible and she is always so 

understanding, so that really helped to seal the deal for me.” [AURE, S-190].  

The prevalence of these previous student-faculty relationships as a motivator to 

participate in an AURE may reflect a barrier to access, such that only those students 

who have built such a relationship are able to enrol. For instance, when another student 

described their experience with enrollment, without having a pre-existing relationship 

with a professor, it was much more challenging:  

“It was a long process of trying to find an advisor. I think I was one of the first people to start looking. I 

was asking during the first week of my second semester of third year. I was asking professors who I was 

interested in. I was just going around talking to them. I had narrowed it down to a couple and initially the 

person that I talked to the most was [another prof] but then he realized that... Basically it got to a point 

where we were going to work with each other and then he realized that he had taken on too many 

students and I had to start looking for a new advisor. Yeah. So that was with about three weeks left in the 

semester. And then, I was talking to a couple friends about who they knew, because I'd already talked to 

pretty much all the profs that I knew of. And one of my friends had worked with [the PI] during the summer 

as a work study student. They introduced me to her via email and then we started talking and she took 

interest in taking me on.” [AURE, S-225]. 

Students also commented on the importance of these relationships for enrollment. One 

student described how a previous relationship with a professor not only made it easier 
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to find a supervisor, but also provided support through the logistical challenges of 

compiling an application, “I think that there is something to be said about needing to have one of 

those relationships before going in. Like having that connection definitely helped with me getting into the 

course. My advisor was making sure I was getting all the paperwork in on time and everything so that 

helped, but I don't think that is necessary for everybody. I know some people who went up to their 

advisors and just asked if they could do a research project with them and they would say yes. But it 

definitely did help to already have that connection.” [AURE, S-115]. 

3.3.1.3 Barriers to participation 

3.3.1.3.1 Survey 

A series of one-way analysis of variances (ANOVAs) were conducted for each barrier 

indices between the three course types. When all indices were considered together, 

students reported significantly more barriers in FUREs (Mean ± SE: 3.80 ± 0.13) 

compared to AUREs (Mean ± SE: 2.98 ± 0.21; p=0.013) and CUREs (Mean ± SE: 3.11 

± 0.11; p=0.000), F (2,134) = 9.51, p = 0.000. There were no significant differences 

between the overall ratings of barriers on CURE courses and AURE courses (p=0.884). 

Comparisons for each statement individually are available in Table 3.6. Analyses of 

aggregate indices of related Likert ‘barrier’ statements are discussed in the following.  

3.3.1.3.1.1  Financial 

Students reported a statistically significant difference in Likert scale ratings of 

statements related to financial barriers between the three research course types, F 

(2,134) = 8.176, p = 0.001. A Tukey pairwise comparison post hoc test revealed that 

students rated FURE courses (Mean ± SE: 4.45 ± 0.28) as having significantly more 

financial barriers compared to AURE courses (Mean ± SE: 2.73 ± 0.44; p=0.01) and 
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CURE courses (Mean ± SE: 3.22 ± 0.21; p=0.001).  There was no significant difference 

between the Likert scale ratings of AURE and CURE courses (p=0.654) on financial 

barriers. 

3.3.1.3.1.2  Logistical 

Students reported a statistically significant difference in logistical barriers, pertaining to 

transportation, living situation, and enrollment, between the three research course types 

as determined by one-way ANOVA, F (2,134) = 4.39, p = 0.014. A Tukey pairwise 

comparison revealed that students rated CURE courses (Mean ± SE: 2.53 ± 0.13) as 

having significantly fewer logistical barriers than FURE courses (Mean ± SE: 3.08 ± 

0.15; p=0.015). There were no significant differences between the ratings of AURE and 

CURE courses (p=0.978) and the AURE courses and FURE courses (p=0.155) on 

logistical barriers.  

3.3.1.3.1.3  Intensity 

Students reported a statistically significant difference in barriers related to the intensity 

of the course, pertaining to the schedule, time commitment, and their ability to succeed 

academically, between the three research course types as determined by one-way 

ANOVA, F (2,134) = 19.07, p = 0.000. A Tukey pairwise comparison revealed that 

students rated CURE courses (Mean ± SE: 3.36 ± 0.13) as being significantly less 

intense than both FURE courses (Mean ± SE: 4.74 ± 0.19; p=0.000) and AURE courses 

(Mean ± SE: 4.38 ± 0.38; p=0.018). There were no significant differences between the 

AURE and FURE courses (p=0.635) in terms of intensity.  
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3.3.1.3.1.4  Social 

Students reported a statistically significant difference in the social barriers across the 

three research course types as determined by one-way ANOVA, F (2,134) = 3.34, p = 

0.039. A Tukey pairwise comparison revealed that students rated AURE courses (Mean 

± SE: 2.31 ± 0.36) as significantly less socially stressful than both FURE courses (Mean 

± SE: 3.50 ± 0.23; p=0.042) and CURE courses (Mean ± SE: 3.47 ± 0.18; p=0.037). 

There were no significant differences between the ratings of FUREs and CUREs 

(p=0.995) in terms of social barriers.  

3.3.1.3.1.5  Health 

There were no significant differences in students’ Likert scale ratings of statements 

related to mental and physical health between the three course types (p=0.643).  

Table 0.6. Means and statistical significance of differences between the three URE types on 
individual Likert statements related to barriers.  

 Statement AUREs 
(mean + 
SE) 

FUREs 
(mean 
+SE) 

CUREs 
(mean + 
SE) 

P-value  

 Financial 

1 Financing the costs associated with 
this course was difficult for me. 

2.38+0.432 4.67+0.257 2.97+0.200 <0.000* 

2 I would not have been able to enroll in 
this course if I did not have financial 
assistance. 

3.08+0.571 4.23+0.346 3.46+0.255 0.114 

 Logistical 
3 Organizing transportation to and from 

this course was a concern for me. 
1.69+0.175 4.19+0.291 2.22+0.160 <0.000* 

4 I had no concerns about my living 
situations during the time that I was 
enrolled in this course.R 

2.54+0.462 2.15+0.249 3.17+0.248 0.020* 

5 The logistics of enrolling in this course 
were easy.R 

3.15+0.492 2.92+0.188 2.18+0.109 0.001* 

 Intensity 
6 I was scared that I wouldn't succeed 

academically in this course. 
4.23+0.411 4.62+0.248 4.30+0.198 0.548 
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7 Fitting this course into my schedule 
was difficult. 

3.85+0.478 4.56+0.295 3.07+0.179 <0.000* 

8 The time commitment of this course 
was greater than similar courses at this 
level.  

4.62+0.488 5.02+0.241 2.72+0.180 <0.000* 

 Social 

9 The extent to which I had to interact 
with other students made me nervous 
to enroll in this course.  

2.69+0.398 3.21+0.254 3.78+0.206 0.055 

10 Fears about meeting new people made 
me nervous about enrolling in this 
course. 

1.92+0.400 3.79+0.299 3.17+0.191 0.004* 

 Health 

11 I did not need to consider my mental or 
physical health when choosing to 
enroll in this course.R 

3.92+0.615 3.46+0.311 3.29+0.199 0.540 

12 I was worried that I may not be able to 
participate in some activities on this 
course due to my mental or physical 
health. 

2.54+0.286 3.00+0.290 2.62+0.165 0.403 

13 Working with my Student Accessibility 
Services adviser to develop 
accommodations for this course was 
simple.1   

INS INS INS INS 

R indicates items which are reverse keyed. All reverse keyed items have been corrected, such that a 
larger number indicates disagreement (i.e., a larger number indicates a greater barrier).  

1 only shown when students indicated that they had accommodations for the course through Student 
Accessibility Services. INS= Insufficient data due to small sample size.  
* indicates significance at p<0.05. 

3.3.1.3.2  Ranked Barriers 

When students were asked to rank the top three barriers that they experienced in each 

course type, students in CURE courses were the most likely to indicate that they 

experienced ‘No barriers’ (22.37%), compared to 15.39% of AURE students, and 4.17% 

of FURE course students (see Table 3.7, for summary). For AURE courses, the most 

cited barrier to enrollment and success was “worries about success in the course”, 

which was listed as the primary barrier for 46.15% of the sample. The “process of 

enrollment” in AURE courses was also a substantial concern (15.39% of students).  
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Similarly, 38.16% of students in CURE courses indicated that “worries about success in 

the course” was their primary barrier to enrollment. In the FURE courses, 41.67% of 

students indicated that the greatest barrier to their enrollment was the cost of the 

course, with the second most common barrier being the timing of the course in the 

summer semester (29.17% of students). Concerns related to student mental health 

were a barrier for a subset of students in all course types (AURE: 7.69%; FURE: 4.17%; 

CURE: 7.90%). 

Table 0.7: Summary of ranked barriers across course types 

1st ranked Barrier AURE Course FURE Course CURE Course 

No barriers 15.39% 4.17% 22.37% 
Financial 0.00% 41.67% 15.79% 
Worries about success 46.15% 2.08% 38.16% 
Schedule 7.69% 29.16% 7.90% 
Process of enrollment 15.39% 8.33% 3.95% 
Mental health concerns 7.69% 4.17% 7.90% 
Other 7.69% 10.42% 3.95% 
Red texts indicate those barriers which were listed first by greater than 25% of students surveyed in 

each course type.  

3.3.1.3.3  Semi-Structured Interview 

In order to better understand the range of barriers to access that students experienced, 

I asked students, “Was there anything that made you unsure about enrolling in this 

course or made enrolling difficult?”. The vast majority of students (N=28 students, 

93.33%) reflected that they had at least one experience which made the process of 

enrollment more difficult or daunting. Students’ reflections of barriers to access followed 

two general themes: 1) External barriers (N=17, 56.66%) related to course structure or 

elements, and 2) Internal barriers (N=27, 90.00%) related to student’s own fears, 

uncertainties, and abilities. Recognizing that I interviewed a sub-set of students who 
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had overcome these barriers and successfully enrolled in a URE, I also include student 

accounts of overcoming these barriers.  

3.3.1.3.3.1  External Barriers 

Three major types of external barriers were indicated by students, including 1) Logistical 

barriers (N=11, 36.67%), 2) Financial barriers (N=9, 30.00%), and 3) The schedule of 

the course (N=8, 26.67%; see Table 3.8). These barriers were not equally distributed 

across course types. FUREs had the greatest proportion of students overall that 

reported experiencing barriers to access (N=10, 83.33%). Indeed, this was the only 

course type where students reported experiencing all three types of barriers (Financial: 

N=8, 66.67%; Logistical: N=6, 50.00%; Schedule: N=5, 41.67%). Students in AUREs 

only reported logistical barriers (N=4, 66.67%) and students in CURE courses only 

reported scheduling barriers (N=3, 25.00%).   

Table 0.8. Summary of proportion of students from each course type that reported external 
barriers. 

 AURE (n=6) FURE (n=12) CURE (n=12) Total (n=30) 

Financial 0.00% 66.67% 0.00% 26.67% 

Logistical  66.67% 50.00% 0.00% 33.33% 

Schedule 0.00% 41.67% 25.00% 26.67% 

Total 66.67% 83.33% 25.00% 56.67% 

     

3.3.1.3.3.1.1 Financial 

Financial concerns related to participation in FURE courses were frequently mentioned 

during interviews, with one student commenting “I wasn’t sure if I could afford [the FURE 

course], because I’m a student and I don’t have any money.” [FURE, S-102]. At the UoG, the field 

courses come at an extra cost on top of tuition, and often include additional fees related 
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to transportation to and housing at the field site. Students took a variety of tactics to 

overcome this barrier. For instance, one student described selecting courses with field 

sites that were closer to home, in order to avoid the additional costs of travel, “I eliminated 

out, immediately, the [courses] that were very faraway places because they were expensive.” [FURE, S-

067], while another described working additional hours during the school year to save up, 

“I worked really hard to get here. Like my parents didn't pay for it and I didn't get funding for it. I had to 

work for myself to get to come here. I started picking up shifts at my summer job. I worked a lot. It’s very 

expensive. Like, you spend three months trying to save up a lot of money and then just spend all that 

money on this.” [FURE, S-142]. Other students took out loans or borrowed money from 

friends and family in order to afford the expense. For instance, one student borrowed 

$2000 from their boyfriend, commenting “And the money issue. I asked my boyfriend to lend me 

some money to go on the [FURE course]. It was actually $2000 that I borrowed from him. He is fully 

supporting me.”.  

While the students I interviewed were able to overcome the financial barriers of 

participating in a FURE course, several students reflected on the level of privilege that 

allowed them to do so, with one student saying: 

“In terms of accessibility of the field course, I know that a lot of the people who are on this field course are 

from [privileged families] -- basically we all could afford it. We all had the means to afford it. I know people 

have struggled a little bit, but they figured it out. But I think there's a lot of other people who wrote it off 

completely, because there was no way that they could afford it. I even have one friend who said that she 

wouldn't be able to afford it and so decided not to do a field course. And I think that's such a loss because 

it's such a good opportunity.” [FURE, S-102].  
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3.3.1.3.3.1.2 Logistical 

Logistical barriers related to course enrollment and participation were frequently cited by 

students in both AURE (N=4, 66.67%) and FURE courses (N=6, 50.00%). For students 

in AUREs, nearly all of these logistical barriers related to finding a faculty supervisor.  

One student described the challenges of finding an advisor, commenting: “It was a long 

process of trying to find an advisor. I think I was one of the first people to start looking. I was asking 

during the first week of my second semester of third year. I was asking professors who I was interested 

in. I was just going around talking to them. I had narrowed it down to a couple and initially the person that 

I talked to the most was [another prof] but basically it got to a point where we were going to work with 

each other and then he realized that he had taken on too many students and told me that I had to start 

looking for a new advisor. That was with about three weeks left in the semester. So, the most difficult part 

for me was definitely finding a professor who would work with me.” [AURE, S-225]. Students also 

described the limited amount of time between when AURE courses are advertised in 

third year, and when students are expected to have secured an advisor, “I remember in 

third year a prof mentioned [AURE courses], that you could take in your fourth year. But told us we would 

need to find a prof to support us. And I was thinking, fourth year is like one semester away! How am I 

supposed to find a prof to support me by then?” [AURE, S-006].  

These examples demonstrate the bias that may occur in recruiting students to AURE 

courses. In practice, the students who are in the best position to enrol are those who 

have a pre-existing relationship with a faculty member. For instance, one student 

commented, “there is something to be said about needing to have one of those relationships [with 

faculty] before going in [to the course]. Like having that connection definitely helped with me getting into 

the course.” [AURE, S-115]. Students who have already developed these relationships are 

typically high-achieving and usually have a family member or mentor who is familiar with 
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academia. This type of selection process may select against those students who are 

first in their families to attend university or otherwise part of an underserved group. 

Furthermore, since faculty members are required to select students from a group of 

applicants, they may introduce their own biases to the selection process. For instance, 

one student described how a faculty member refused to act as their advisor, unless they 

were able to commit to two semesters of work, saying: “A lot of advisors don't want to do the 

one semester [course], they want to do the whole year-- I guess the one semester is just not enough time 

to do anything relevant. [The faculty member] told me he didn't want to do the one semester [course] and 

after giving it some thought, I was like well, I might as well do the full year one.” [AURE, S-173]. This 

requirement and other selection criteria (such as high GPA, and previous research 

experience) imposed by faculty may make it more difficult for students from equity-

seeking groups to enroll.   

In FUREs, students also reported barriers associated with enrollment requirements, 

including high GPA requirements, preferred prerequisites, and limited capacity resulting 

in highly competitive enrollment. For instance, one student described being dissuaded 

from applying to a FURE course, as they were only going into their third year of study: 

“When I went to talk to the coordinator originally, she said 'We normally do not accept third year students, 

it's really rare. You have to have a pretty high average and normally we get a lot of applicants to it, 

because this one is the most popular.'” [FURE, S-044]. Another student described their doubts 

about the competitiveness of their application due to their moderate GPA and because 

they spoke English as an additional language, “My average is only just above what they asked 

for. They asked for 70% or higher and my average is 70.9%. So, it's a little bit higher. I thought I would 

never be able to get into this course. So that is one of the reasons why [I was unsure about enrolling] and 
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also the language barrier. I am not that confident about my sentence speech, so that could be a factor 

too.” [FURE, S-219].  

3.3.1.3.3.1.3  Schedule 

Barriers related to the schedule of the course were referenced by students in both 

FURE (N=5, 41.67%) and CURE courses (N=3, 25%). For students in FURE courses, 

nearly all of these comments related to the typical timing of FURE courses as during the 

summer semester, when many students have work commitments, with one student 

commenting, “Honestly, the dates [of the course are a barrier] too. It's really hard to start your job and 

then leave for like a month in the middle of the summer and then go back to your job.” [FURE, S-142]. 

While this student’s workplace was supportive of the opportunity to enroll in a URE, 

other students lost employment as a result of the timing of the course, “Work was a big 

factor. Like I was worried taking two weeks off from work was going to be a big deal. It kind of was, like I 

can't go back to work anymore. I had to resign. Which sucks because that's my main source of income 

because I don't work during the year.” [FURE, S-152]. One student reflected on how the dates of 

the FURE courses impacted their course selection, saying, “I tried to pick [courses] that 

worked around [my summer commitments]. I couldn’t pick a couple that were later in the summer, or that 

take more than a couple weeks kind of thing, because that conflicted with my job and ultimate frisbee 

nationals. I had pick one that worked in that time schedule. [In the future], I’ll probably pick ones that are 

before summer starts so I can have an actual, full-time, summer job that’s a little bit more related to what I 

want to do and so I don’t have to leave halfway through [the job] for the course.” [FURE, S-201]. These 

comments speak to the importance of providing diverse course options throughout both 

the traditional academic year and the summer, as this allows students to select the 

courses that best accommodate their personal circumstances and obligations. 
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Students in CURE courses also reported scheduling barriers. For instance, one student 

described how conducting research during the traditional academic year introduces 

scheduling challenges which are distinct from those of summer FUREs, “It's hard to 

integrate this [CURE] course into a full course load. Like when you do summer field courses [i.e., FURE 

courses], that is your only course and you're out there and that is all you are doing. I feel like maybe that 

wasn't considered when this course was designed.” [CURE, S-083]. As demonstrated by this 

comment, recognizing that the intensity of research courses, when combined with the 

time demands of other courses, is essential to the design of an accessible format. 

Students also reflected on how the groupwork element of these FURE courses made 

scheduling more difficult, commenting for example, “Of my group, three of us were not taking 

full course loads because we were technically finished our four years and we were just taking on a couple 

of courses and that kind of thing. Everybody's schedules were so [messed up] and one person had a job, 

and it was extremely difficult to coordinate everybody. [Our project] was set up so that if someone was not 

able to show up, then we would have to choose a whole other day to meet up, because we can't really 

[collect our data] with just three people.” [CURE, S-070]. This student further commented that 

many of scheduling challenges could be mitigated by providing more structured time for 

groupwork, as opposed to asking students to do it on their own schedule, “I think when it’s 

a 1.0 credit course and there is a certain amount of hours your supposed to fulfill but they're not 

structured for you, then that’s kind of a problem. Personally, I think that was a problem, because if it was 

scheduled class time you wouldn't book a shift then, you wouldn't make an appointment then, but 

because we didn't know exactly when we were going to meet, and it was very difficult to be firm because 

there was no reason necessarily to be firm. Since we pick the hours, if someone has something they 

really want to do, like they need to make an appointment with their therapist or hairdresser or whatever, 

then they ask us if we can change times and its like, ‘well my group is supposed to meet but we don't 

have to meet then’. So, it’s very difficult to book time with the group unless it’s actually structured to 
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successfully to commit to hours.” [CURE, S-070]. However, it is important to recognize that 

adding more scheduled hours is likely to preclude many students from participating in 

the course, if their schedule does not align with those hours. One possible option to 

mitigate these barriers would be to provide structured group development, such that 

students with similar schedules and time commitments are grouped together in 

advance.   

3.3.1.3.3.2  Internal Barriers 

Three major themes of internal barriers to participation in UREs were identified by 

students, including, 1) Feeling underprepared (N=17, 56.67%), 2) Perceptions of course 

intensity or time commitment (N=11, 36.67%), and 3) Perceived social barriers (N=7, 

23.33; see Table 3.9). While feeling underprepared and worries about course intensity 

were common across all three course types, social concerns were limited to FURE 

courses (N=4, 33.33%) and CURE courses (N=3, 25.00%).  

Table 0.9. Summary of proportion of students from each course type that reported internal 
barriers. 

 AURE (n=6) FURE (n=12) CURE (n=12) Total (n=30) 

Feeling underprepared 100.00% 50.00 41.67% 56.67% 

Perceived intensity 50.00% 25.00% 41.67% 36.67% 

Social 0.00% 33.33% 25.00% 23.33% 

Total 100.00% 91.67% 83.33% 90.00% 

     

3.3.1.3.3.2.1 Feeling underprepared 

Students across all three course types reported that their feelings of under-

preparedness were a barrier to both their enrollment in a URE and their success in the 

course once enrolled (AURE: N=6, 100.00%; FURE: N=6, 50.00%; CURE: N=5, 

41.67%). For students in AURE courses, the idea of completing research project 
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independently was daunting. One student described their initial perception that they 

would be entirely alone in completing their project, saying “I was worried about having to 

conduct the experiment on my own. Which in fact ended up not being the case because I had a grad 

student around a lot around to help me. We kind of went through the whole journey together. But, in the 

summer when I was thinking about it, my biggest worry was that I wouldn't be able to figure things out on 

my own or, if there were problems, being able to find the solutions.” [AURE, S-138]. While this 

student’s fears did not come to fruition, the perceived lack of support for students in 

AURE courses may dissuade students from applying. Another student described their 

frustration with the extent to which their undergraduate courses prepared them to take-

on a project independently, “It isn't really clear [in advance] how time consuming and how much 

work [the project] really is. It is extremely demanding, and I don't really think that we were prepared for 

that. I feel like our undergraduate courses didn't prepare us for how time demanding, and independent 

conducting research is. You are by yourself all the time pretty much, especially in the lab. Whereas in my 

undergraduate courses a lot of lab work was teamwork, and we would have a lab manual that had every 

single direction of what to do and where to cut and everything. Whereas this course was not like that. 

Finding a way to let people know beforehand that this course is extremely demanding in work and time is 

so important. You do have to be prepared.” [AURE, S-173].  

 

The idea that course expectations and structure were not clear to students prior to 

enrollment was also prevalent in FURE courses. One student reported that the lack of 

clear schedule made them unsure of what to expect, “I didn’t know what to expect at all, 

because they don’t give you a schedule. I mean you hear from other people, but you never know what 

your own personal experience will be like.” [FURE, S-102]. This uncertainty is difficult for some 

students to manage and may impact students’ motivation to enroll.  There was also a 
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prevalent notion of imposter syndrome in FURE courses, with several students 

commenting that they felt unqualified compared to their peers. This feeling was 

especially common in students who were earlier in their university career. For example, 

one student said, “I honestly thought I would be pretty underprepared or under-qualified, because I am 

going into third year. So, I thought I would be very under qualified. The entire time leading up to the flight I 

was like 'I don't think I can do this. I don't think I’m ready for this'. Because I thought that I would just be 

behind everybody else the entire time.” [FURE, S-044]. In some cases, under-preparedness did 

impact students’ experience, with one student commenting “I felt that sometimes I wasn't 

living up to what was expected of me. That was kind of hard to overcome. When I'd ask a question, 

sometimes, I'd get an answer that was kind of like, ‘you should know this’. So that was hard sometimes.” 

[FURE, S-098]. Similarly, students who participated through the Ontario Universities 

Program in Field Biology (OUPFB) and were not students at the UoG also reported 

feeling underprepared, saying “In the beginning since everyone was from Guelph, it seemed like 

everyone already knew a lot coming in and I couldn’t even name all the parts of a flower. That was kind of 

intimidating.” [FURE, S-164]. While feelings of uncertainty and under-preparedness were 

concerns for several students, many students reported that these feelings were 

mitigated by the supportiveness of faculty, and their willingness to answer questions. 

For example, the student quoted above said “Everyone has been very supportive and helpful so 

the whole nervous thing didn’t last very long.” [FURE, S-164]. 

 

CURE courses were often the first format of URE that students had experienced, and as 

a result, students were often nervous or unsure about their ability to succeed in the 
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unfamiliar course structure. For instance, one student described the course format as 

“confusing and scary because it felt like it was all over the place” [CURE, S-083]. The unfamiliar 

grading scheme was particularly intimidating to students, with one student commenting 

that they were nervous about enrolling in the course “because there are no exams. I've never 

had a course that had zero exams and only had papers. I typically don't do as well on papers as I do on 

exams, so I was nervous about it. And I was right to be nervous.” [CURE, S-083] and another student 

saying, “I was very nervous when I looked at the course outline ahead of time and I saw the weighting of 

the paper, which was like the entire course.” [CURE, S-141]. 

 

Other students struggled with the unstructured nature of the course, commenting, “I don't 

think we actually had knowledge or ways to actually do that, and we were just kind of thrown into it. And 

so, that was nerve wracking at the beginning, being like ‘okay, now go and do this fieldwork’ and us 

responding like ‘okay... sure... hopefully it will work out in the four months that we have.’” [CURE, S-139]. 

Echoing this perspective, another student expressed the perspective that the teaching 

staff should provide greater support in CURE courses, as they are often the first entry to 

research, and are required for all students, rather than just those with a strong interest 

in research, “I am not an expert in this… like I am not an ecologist, you know? I am just an arts and 

science student who happens to be taking this course and I don't have as much experience with field 

work, so that was kind of a barrier for me in a sense. […]I understand the philosophy behind that but for 

somebody who is never ever going to be a field ecologist, I just want to know the basics, so I can 

communicate--because I want to do environmental communications. I picked my minor for a reason, but 

now I am forced to take this course that isn't in my field and I am not very experienced in. So, like I really 

need support because it’s not my strength. It felt kind of like there wasn't as much support as there should 
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have been. Sometimes there was and sometimes there wasn't. [The prof] just really wanted us to take it 

on and go for it and I just didn't have it in me to do all of that.” [CURE, S-070].  

3.3.1.3.3.2.2 Perceived intensity 

Another prevalent internal barrier to participation in UREs was students’ perception that 

these courses were particularly intense and demanding. Concerns related to course 

intensity were cited across all three course types (AURE: N=3, 50.00%; FURE: N=3, 

25.00 %; CURE: N=5, 41.67%), though were mentioned less in FURE courses. This 

may be because FURE courses occur in the summer at a field site, removing many of 

the other day-to-day obligations that students have in the two course types. For 

instance, one student who had participated in both a FURE (field) and CURE (on-

campus) course, described the differences, saying “I think that [FURE courses] were great for 

my mental health, because it is so different to just be out somewhere for two weeks and kind of take a 

break from everything back home. Whereas [in the CURE course], there is still so much else going on in 

your lives. You're in multiple courses, or you're working. There's just so much on your plate at once.” 

[CURE, S-198].  

 

The overwhelming nature of completing an intensive research project while also 

managing other facets of ones personal and academic life was particularly well 

demonstrated by one student in a AURE course. While this student did complete their 

URE, they struggled throughout. During their interview, they commented on how the 

time demands of their thesis project impacted their wellbeing and described how the 

impacts of their academic and personal life were impacted by and impacted their thesis 

project. First, they talked about their concerns about managing their thesis project, while 
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also completing a heavy course load, commenting, “I wanted to graduate on time, so I was 

overloading both semesters. […] In both semesters I had four other courses, and this is a full credit 

course. […] And the courses at the fourth year level were tougher too and did require a lot more work. […] 

So being overloaded both semesters and then on top of that, my thesis, was a huge issue with time. I was 

really nervous about if I could actually put 20 hours of work into this thesis and still manage my other 

courses.” [AURE, S-173]. This heavy course load also impacted their performance during 

their AURE course, in part due to a mismatch in expectations of the time commitment of 

the course between the faculty advisor and the student. The student reflected, “In the first 

semester, my advisor only gave me a 75% for my research effort grade. When I asked him why, because 

all my peers were getting maybe 90s and higher, and I felt that I was putting in a lot of work, he still felt 

that I wasn't putting enough time in lab. So that upset me. Not only was I doing the research component 

of it, but because I was in the lab, I also had to feed the [study animals] and all the extra stuff that comes 

with lab work in general. I felt that that also takes a lot of time and I was counting that time towards my 

thesis, and I guess [my advisor] was more so expecting 20 hours a week only doing actual research.” 

[AURE, S-173].  

 

In addition to an impact on their grades, this student also felt that the time demands 

impacted both their personal life, and other aspects of their academics. For instance, 

they described being unable to visit family over the spring break or during weekends 

because they had laboratory responsibilities. In another instance, they described 

dropping their minor with only one course left, because they needed to focus more 

energy on the thesis project, commenting, “I actually ended up having to drop my minor because 

of this course. I was minoring in French and so I had one course left to finish my minor, which I was 

planning on taking in winter. But then, I was having issues with my mental health in the fall and then 
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realizing how much work the thesis course was, come the winter I knew that I wouldn't be able to finish 

my minor plus do well in my other courses. So, I made the decision to drop my minor. It was a tough 

decision, because I wanted to finish that minor and I only had one course left. It was very upsetting to 

think that for three years I had taken all these courses to get a minor.” [AURE, S-173]. 

 

When looking back at the experience, this student reflected that they had taken on too 

much, however, they also highlighted their expectation that the design and expectations 

of the AURE course to recognize the range of other obligations that students may have. 

They commented, “I feel like I would have gotten a whole different experience, had I not had a million 

other courses to think about too. […] It was kind of upsetting because I thought that courses like this one 

were meant to be taken while taking other courses and the advisors know this. So, it was a little upsetting 

to see that the advisors were expecting so much time and work for the undergraduate thesis course and 

just kind of not really caring that we also had other courses to think of.” [AURE, S-173]. They also 

reflected on the importance of communicating their challenges to their advisor. For 

instance, this student experienced mental health challenges while completing their 

project, however, did not feel comfortable sharing those challenges with their advisor. 

When reflecting back on this, the student said “I had never really told profs when things had 

happened. I was having mental health problems and they were getting in the way of my research. But I 

didn't tell my advisor. And then in second semester, looking back, I felt like I should have told [the 

advisor], because it was an explanatory variable as to why my performance was the way it was. That was 

a huge learning curve for me as well. Now I am aware that if something drastic occurs, it's not even just 

about the research, it's also about the communication of 'hey, something is going on in my life. I need a 

little bit of extra time.'” [AURE, S-173]. This student’s experience is worth highlighting because, 

while UREs are intended to provide a challenging learning environment to students, 
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they should not overwhelm the student to the extent that impacts their wellbeing. Two 

students in my sample did indicate that they experienced mental health challenges 

directly related to their participation in a URE, one student in each an AURE and a 

CURE. In both cases, unclear expectations exacerbated the impacts of the courses on 

students’ wellbeing. As mentioned by the student, much of their challenges could have 

been mitigated through a better line of communication between the student and the 

instructor or faculty advisor.  

 

In contrast, because FURE courses occur at field sites, the impacts of other obligations 

are minimized. However, FURE courses are typically only 2-weeks long, resulting in 

long, intense days of work during the course. Several students expressed concerns 

related to the intensity of these courses, commenting, “I went through the syllabus and it said 

we would be working twelve-hour days, and I was like, I am such a tired person. That sounded like a lot 

and I didn't know if I could do it.” [FURE, S-142] and “The previous field course I went on was so intense 

and there wasn't even a research component to it. We just did so many things and it was so intense that I 

was just completely exhausted by the end. I was nervous for that aspect of it, because I know it just 

drains you entirely.” [FURE, S-159]. The intensity of these two-week courses is likely to 

preclude participation by some students, particularly those with disabilities.  

3.3.1.3.3.2.3 Social barriers 

The social element of UREs were also challenging for some students in FURE (N=4, 

33.33%) and CURE courses (N=3, 25.00%), which required groupwork and involved 

frequent interactions with peers. In FURE courses, students reported feeling nervous 
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about meeting their classmates and making friends. For example, one student 

commented “The social anxiety aspect of it [made me nervous]. Like not knowing anyone else who had 

signed up” [FURE, S-036], while another student said “I was a little bit nervous, just because I don’t 

know anyone in [the FURE course]. That was what I was most nervous about.” [FURE, S-201].  

 

Another theme related to social barriers was about groupwork, particularly in regard to 

concerns about an unequal divide of labour between group members. This was a 

concern for students in both FURE and CURE courses. One student in a FURE course 

commented, “I was really nervous about what the groups were going to be like. Because a lot of times 

in university, you kind of get stuck with like a group where not everyone pulls their weight.” [FURE, S-

202]. Students in CURE courses echoed this concern saying, “I also saw that it was group 

project based and that kind of made me nervous because you can get stuck with bad group members, 

then it can be really hard to do well in stuff like that.” [CURE, S-141] and “Something I wasn't sure about 

when looking through the course outline is that it was a semester long research project in a group. For me 

that’s a little iffy because I have had projects where people don’t contribute enough and that sucks. So 

that was kind of a worrisome.” [CURE, S-199]. However, students reflected that in hindsight, the 

challenges of groupwork, while daunting, actually contributed to learning during their 

UREs. One student summed this up nicely, saying, “Group work is always daunting. But I think 

that was definitely a good outcome of the course in hindsight. Working with a group was definitely 

something I should have been doing and it's something that, in university, we don't do enough, I think. So 

that was a barrier, but it was a good barrier, I think. It ended up okay.” [CURE, S-178].  



 

 

93 

 

3.3.1.3.3.2.4 What made UREs more accessible?  

Given that I interviewed students who had successfully enrolled in each course type, 

students also often spoke about the course elements that improved course accessibility 

(N=12 students, 40.00%). These comments were primarily made by students in CURE 

courses (N=5, S=41.67%), who cited the course format, the lower intensity of the 

course, and the lack of additional cost of the course as characteristics which reduced 

barriers. In some cases, the format of the course actually reduced barriers to enrollment 

and success which are present in traditional lecture courses. For instance, one student 

described that the hands-on nature of the course kept them engaged, despite having 

ADHD. They commented, “I think the way that the course was laid out was really interesting to me, 

because I have ADHD so I don't like sitting in a lecture for an hour. So being able to go into the field and 

being able to have hands-on in something keeps me interested and keeps me engaged, which is a really 

good thing. So, when I was in the field, there was never a time when my focus was going in and out 

because I really like to be able to do hands-on stuff.” [CURE, S-116]. Similarly, another student 

talked about how the pacing of the course reduced stress and anxiety, saying, “Mental 

health, I think, played a big role in it. I have anxiety and so the beginning of this course was very nerve-

wracking, like I said. But I think that the way that it was set up, kind of kept the anxiety at bay, because it 

was very stretched out. There was no pressure all at once. The pressure was kind of spread out, which 

was really nice for somebody with anxiety.” [CURE, S-051]. Another student described how the 

diverse assignments gave every student an opportunity to succeed, commenting “The 

different styles of presenting--The professor got us to do some oral presentations, some graphic design, 

some PowerPoint presentations, and then the final report was even a different form of presentation. So, it 

really catered to all these different learning styles and if you didn't succeed in one, you might have 

succeeded in one of the others.” [CURE, S-139].   
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A select few students in AURE (N=2 students, 33.33%) and FURE (N=1, 8.33%) 

courses reported that they found enrollment in the course to be easy, either because 

they were in the fortunate position of having a pre-existing relationship with a professor 

who was willing to advise them, (I was never really worried if I had good enough grades to get into 

this course, or whatever. It was just going to be another course for me. I just asked if they would support 

me and [the PI] was like 'Oh sure!'. [AURE, S-006]) or because they enrolled in a FURE course 

through the OUPFB and there was not as much interest in the ‘field’ courses at their 

University (I don’t know why at my school it wasn’t such a big thing. Because my friend was saying 

people were lining up at 6am to hand in their forms and for me it was like ‘oh I forgot to hand in my form 

today, I will just hand it in tomorrow’. It didn’t feel as competitive. [FURE, S-164]). 

3.3.2 Impact across URE types 

3.3.2.1 Survey 

One-way analysis of variances (ANOVAs) were conducted for each Likert statement, 

the aggregates of related statements (impact indices), and the aggregate of all indices 

combined to compare student responses related to course impact, between the three 

course types. Overall, when all indices were aggregated, students Likert scale 

responses showed that students rated CURE courses (Mean ± SE: 5.10 ± 0.09) as 

significantly less impactful compared to both AURE UREs (Mean ± SE: 6.10 ± 0.14, 

p=0.000) and FUREs (Mean ± SE: 5.88 ± 0.06, p=0.000), F (2,134) = 29.32, p = 0.000. 

When all of the indices were aggregated, there was no significant difference between 

the overall impact between AURE and FUREs (p=0.502). Comparisons for each Likert 
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statement individually are available in Table 3.10. Analyses of each of the aggregated 

impact indices are described below.  

3.3.2.1.1 Performance Expectations 

Students’ Likert scale responses pertaining to performance expectations were 

significantly different between the three course types, F (2,134) = 6.278, p = 0.003. A 

Tukey pairwise comparison post hoc test revealed that AUREs were reported to have 

appropriately high performance expectations (Mean ± SE: 6.00 ± 0.17) significantly 

more often than FURE courses (Mean ± SE: 5.26 ± 0.11; p=0.02) and CURE courses 

(Mean ± SE: 5.08 ± 0.11; p=0.002).  There was no significant difference between the 

Likert scale ratings of performance expectations for FUREs and CUREs (p=0.522). 

3.3.2.1.2 Effort 

Students reported that the required amount of effort was different between the three 

course types, F (2,134) = 4.664, p = 0.01. A Tukey pairwise comparison post hoc test 

revealed that students in AUREs indicated that the courses had a significantly greater 

investment of effort (Mean ± SE: 6.38 ± 0.12) compared to students in FURE courses 

(Mean ± SE: 5.54 ± 0.17; p=0.03) and CURE courses (Mean ± SE: 5.043± 0.12; 

p=0.008).  There was no significant difference between the Likert scale ratings of 

performance expectations for FUREs and CUREs (p=0.824). 

3.3.2.1.3 Peer and Faculty Interactions 

Students indicated that the degree of interactions with faculty on substantive matters 

was significantly lower in CUREs (Mean ± SE: 5.24 ± 0.16) compared to each AUREs 
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(Mean ± SE: 6.74 ± 0.08, p=0.000) and FUREs (Mean ± SE: 6.31 ± 0.10, p=0.000), F 

(2,134) = 18.91, p = 0.000. There was no significant difference between the reported 

interactions with faculty for AUREs and FUREs (p=0.427). Similarly, students indicated 

that FURE courses had significantly more substantive interactions with peers (Mean ± 

SE: 5.65 ± 0.09) than CURE courses (Mean ± SE: 4.98 ± 0.11, p=0.000), F (2,134) = 

9.88, p = 0.000. However, there was no significant difference in reported peer 

interactions between AUREs (Mean ± SE: 5.08 ± 0.29, p=0.09) and FUREs. There was 

also no significant difference between the reported interactions with peers for AURE 

and CURE courses (p=0.879).  

3.3.2.1.4 Exposure to Diversity 

Students’ Likert scale responses pertaining to exposure to diversity were significantly 

different between the three course types, F (2,134) = 15.16, p = 0.000. A Tukey 

pairwise comparison test revealed that students in CURE courses (Mean ± SE: 5.09 ± 

0.13) indicated that the course had significantly less exposure to diversity than AURE 

courses (Mean ± SE: 6.04 ± 0.32; p=0.007) and FURE courses (Mean ± SE: 6.06 ± 

0.11; p=0.000).  There was no significant difference between AUREs and FUREs on 

students’ Likert scale ratings of exposure to diversity (p=0.997). 

3.3.2.1.5 Feedback 

Students rated the quality of the feedback in CURE courses (Mean ± SE: 5.05 ± 0.15) 

significantly lower than each AURE courses (Mean ± SE: 6.12 ± 0.23; p=0.007) and 

FURE courses (Mean ± SE: 5.86 ± 0.15; p=0.001), F (2,134) = 9.90, p = 0.000. There 
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was no significant difference between AUREs and FUREs (p=0.767) in terms of 

feedback quality.  

3.3.2.1.6 Real-world Applicability 

Students’ Likert scale responses pertaining to the real-world applicability of learning 

were significantly different between the three course types, F (2,134) = 12.73, p = 

0.000. A Tukey pairwise comparison test revealed that students in CURE courses 

(Mean ± SE: 5.62 ± 0.11) agreed significantly less frequently with statements pertaining 

to real-world applicability of learning than those in AURE courses (Mean ± SE: 6.31 ± 

0.19; p=0.01) and FURE courses (Mean ± SE: 6.31 ± 0.08; p=0.000).  There was no 

significant difference between AUREs and FUREs on students’ Likert scale ratings of 

exposure to diversity (p=0.999). 

3.3.2.1.7 Reflection and Integration  

Finally, students in CURE courses agreed with statements pertaining to their 

opportunities to reflect and integrate learning (Mean ± SE: 4.36 ± 0.14) significantly less 

often than students in AURE courses (Mean ± SE: 6.10 ± 0.20; p=0.000) and FURE 

courses (Mean ± SE: 6.01 ± 0.10; p=0.000), F (2,134) = 43.09, p = 0.000. There was no 

significant difference between AUREs and FUREs (p=0.958) in terms of opportunities to 

reflect.  

Table 0.10: Means and statistical significance of differences between the three URE types on 
individual Likert statements related to good practices.  

 Statement (based on Kuh et al., 2017) AUREs 
(mean 
+SE) 

FUREs 
(mean + 
SE) 

CUREs 
(mean + 
SE) 

P-value  

 Performance expectations set at appropriately high levels. 
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1 I felt I was challenged beyond my initial 
ability level in this course. 

5.62+0.350 5.04+0.206 4.68+0.166 0.670 

2 I felt that learning in this course was 
repetitive of what I have learned in past 
courses.R 

6.15+0.296 5.33+0.187 4.54+0.179 <0.000* 

3 This course was an easy A.R 6.23+0.231 5.40+0.157 6.03+0.124 0.003* 
 Significant investment of concentrated effort over time. 
4 This course demanded substantial effort. 6.54+0.144 5.06+0.260 5.55+0.146 0.004* 
5 I could do well in this course without really 

learning anything.R 

6.23+0.257 6.02+0.153 5.30+0.163 0.003* 

 Interactions with faculty about substantive matters 
6 I would feel comfortable asking my 

professor in this course to act as an 
academic reference for me. 

6.77+0.122 5.38+0.216 4.41+0.220 <0.000* 

7 My professor is passionate about what they 
are teaching. 

6.85+0.104 6.77+0.068 5.95+0.139 <0.000* 

8 The teaching team contributed positively to 
my experience in this course. 

6.62+0.180 6.77+0.086 5.36+0.193 <0.000* 

 Interactions with peers about substantive matters. 

9 Groupwork in this course was a waste of 
my time.R 

4.92+0.459 6.12+0.156 5.42+0.173 0.005* 

10 I found myself talking about what I was 
learning in this course outside of class time. 

6.62+0.140 6.33+0.105 5.17+0.176 <0.000* 

11 I think I had a good idea of how other 
students in this class were doing. 

3.69+0.559 4.50+0.181 4.26+0.159 0.185 

 Experiences with diversity (i.e. people and circumstances that are not familiar).  

12 The discussions and/or activities in this 
course challenged my way of thinking.  

6.46+0.183 5.90+0.131 5.01+0.152 <0.000* 

13 This course allowed me to connect and 
discuss with people who are different from 
me. 

6.08+0.336 6.23+0.164 5.17+0.156 <0.000* 

 Frequent, timely and constructive feedback. 

14 Feedback from the teaching team was 
given in a timely manner. 

5.92+0.265 5.52+0.202 5.32+0.147 0.265 

15 Feedback from the teaching team helped 
me to learn. 

6.31+0.263 6.21+0.123 4.78+0.201 <0.000* 

 Relevance to real-world application. 

16 This course allowed me to draw on 
concepts from past courses. 

5.92+0.366 6.33+0.086 5.61+0.134 <0.000* 

17 This course did not involve much critical 
thinking.R 

6.69+0.133 6.08+0.145 5.75+0.127 0.007* 

18 Learning in this course felt relevant to real-
world applications. 

6.31+0.208 6.50+0.084 5.57+0.150 <0.000* 

 Reflection and integration of learning. 

19 This course encouraged me to make 
connections between theory and real-world 
application. 

6.15+0.249 6.17+0.109 5.32+0.135 <0.000* 

20 This course was life changing. 6.77+0.166 5.85+0.136 3.39+0.190 <0.000* 

R indicates items which are reverse keyed. All reverse keyed items have been corrected, such that a 
larger number indicates disagreement with the reverse keyed item (i.e. a larger number indicates 
greater impact).  
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* indicates significance at p<0.05. 

3.3.2.2 Semi-structured interview 

All interview responses were examined to gain deeper insight into the outcomes of the 

research experience for students. When asked about what they gained from the course, 

students talked about 1) opportunities, and 2) learning.  

3.3.2.2.1 Opportunities 

Outcomes related to opportunities were most common for students who participated in 

AUREs (N=4, 66.67%). Most of the opportunities that students discussed were related 

to obtaining graduate positions. For instance, two students indicated that their advisor 

offered them a graduate position in their research group. One student commented, “I had 

been working with [my PI] for some time already and I think it made him trust my capabilities more 

because he saw that I could do research on my own. I think it really played a big role in getting me into 

grad school. […] I didn't have to ask. [The PI] came to me and was like ‘do you want to do a masters, I 

have this project.’ and I was like “Yeah totally”. I think that this project showcased the skillset that I had 

developed from volunteering and it showed that I could effectively communicate science, so I think that 

has to do with it.” [AURE, S-115]. Another student also talked about how their advisor had 

recruited them to continue their undergraduate project into a master’s thesis: “I'm actually 

going to do a whole masters on it now, which I am really excited about. Before he offered me the masters, 

my advisor would maybe say 'maybe for a masters, you could then look at this, this or this'. Then when he 

hired me as a masters student, we decided that we would just continue what I had been working on. So, 

the work that I developed in this course, I am still going to be able to build off of. Something that I did in 

undergrad is actually going to impact my next step.” [AURE, S-006]. Even when the student’s 

advisor did not directly recruit them to a graduate position, the activities or connections 

made while completing the research project may contribute to opportunities. For 
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instance, one student described how networking with their advisor’s past students 

resulted in an offer of a graduate position: “It's kind of a small world, because when I met my 

current advisor for my MSc and he asked me who I was working with and I told him [the PI], and then he 

was like, 'Oh, well that's funny because I was [the PI]'s first master’s student'. Eventually because of that 

connection I was able to network with [the research group that I am completing my MSc with]. I definitely 

think that the networking part of the course helped with that.” [AURE, S-173]. Similarly, one student 

in the CURE course reflected on how the relationship-building with their instructor 

during the course empowered them to reach out to the instructor to continue working 

with them on an individual research project (AURE) in the following semester: “[The 

professor] is now my advisor for the internship in biological sciences course.” [CURE, S-139]. 

Other opportunities afforded to students through their URE experiences included both 

employment [AURE, S-190] and career building opportunities such as conference 

attendance [AURE, S-173]. 

3.3.2.2.2 Learning 

In addition to these opportunities, students also discussed the learning that they 

obtained during their research experiences. Interview responses related to learning 

were coded through the lens of Fink’s (2003) taxonomy of significant learning. All 

(N=30) students interviewed discussed elements of significant learning that they had 

achieved while participating in a URE. Although evidence of all six dimensions were 

demonstrated, the application of learning (N=19 students, 63.33%) and the human 

dimensions of learning (N=19, 63.33%) were the most prevalent. Evidence of 

foundational learning (N=17, 56.67%), caring (N=16, 53.33%), and learning how to learn 



 

 

101 

 

(N=14, 46.67%) were moderately prevalent, while integration learning was the least well 

represented in the data (N=7, 23.33%; see Table 3.11). The distribution of categories of 

significant learning were different between course types. Representative quotes from 

the interviews are used to discuss the differences between course types for each 

learning category.  

 

 

Table 0.11. Summary of proportion of students from each course type that reported each of Fink’s 
domains of significant learning. 

 AURE (n=6) FURE (n=12) CURE (n=12) Total 
(n=30) 

Application 100.00% 33.33% 75.00% 63.33% 

Human Dimension 83.33% 58.33% 58.33% 63.33% 

Foundational Knowledge 50.00% 66.67% 50.00% 56.67% 

Caring 33.33% 75.00% 41.67% 53.33% 

Learning how to Learn 66.67% 25.00%  25.00% 33.33% 

Integration 50.00% 16.67% 16.67% 23.33% 

Total 100.00% 100.00% 100.00% 100.00% 

     

3.3.2.2.2.1  Application 

Application learning relates to the development of new skills which allows the 

learner to put other kinds of learning into practice (Fink, 2003). Application learning was 

mentioned by 63.33% (n=19) students across all three URE types. Specifically, students 

discussed learning 1) research methodologies/techniques (N=11, 36.67%), and 2) 

transferable skills (N=18, 60.00%).  
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The interview data demonstrates that students valued the learning of research 

methodologies and practical skills, highlighting that application learning is less prevalent 

outside of research courses. One student commented, “I find I am the type of person who 

learns a lot through hands on, audio and visual and from classes on campus, you only get the audio and 

visual part of it. It's just read this, write this down, listen to what a prof says and just try to comb through 

and know basic information. But you don't actually get hands on experience and techniques in any form of 

field work in general. Like, how it's conducted, ways and methods-- it's just not really taught in class. This 

course really taught me that and I learned a lot through that, which I was really happy about, because I 

actually learned how to do things with my hands, what it looks like. Now I can take that knowledge and go 

to any other place and apply it, because I remember doing this or how this was done.” [FURE, S-044]. 

This perspective was echoed by another student, commenting “A lot of the courses are very 

much about memorizing something and then splurging it out on the exam. Whereas with this course, it 

was something that we might do in real life, and this was our opportunity to do it and learn from it.” 

[CURE, S-139].  

Several students reflected on how practicing the application of skills allowed them to 

retain the skills they learned and apply those skills to other contexts, making statements 

such as “I definitely learned stuff that I will now be able to apply to other courses.” [CURE, S-199]. 

Another student spoke about how taking charge of their own learning, by researching 

methods and then applying them to their research project facilitated the development of 

life-long skills: “We were always doing practical things and practicing our techniques and skills. Not 

only searching for information, but also doing [the skills] we researched [in the literature]. I think that I will 

remember what I learned from this course in the future -- all the muscle memory. I don't think I will ever 

forget how to dissect a barnacle.” [FURE, S-219]. 
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Students reflected on a range of research and methodological skills, including sampling 

techniques, best practices for labelling and organization, and best practices for data 

input and management. Additionally, many students reflected on how the practical 

application of statistics in their research project facilitated the development of statistical 

skills. Students who had taken previous statistics courses reflected on how real-world 

application of statistics during a research project helped them to better understand that 

application of specific statistical analyses: “I know how to do [the statistics] now. In [this course] 

they took you though the stats and what to do for it in R. Like, I took a stats course before that, but I still 

didn’t really know how to do anything. But after doing the research project, it’s like okay, I know how to do 

these things.” [CURE, S-199]. Other students indicated that the independent exploration of 

statistics allowed them to derive skills: “The amount of data analysis that I had to figure out how to 

do on my own was a lot. So, I took away a lot of new stats skills from doing this project.” [AURE, S-115]. 

In addition to research methodologies and statistical skills, students also reflected on a 

range of transferable skills that they developed during their research experiences. The 

most frequently cited transferable skill was science communication (N=9, 30.00%), 

however this skill was only mentioned in AURE and CURE courses. In these courses, 

students reported that the experience of writing a complete research paper was both 

challenging and rewarding, indicating that the CURE “made [them] a better writer.” [CURE, S-

132] and that they are applying those skills in other contexts: “We are doing [written 

assignments] in our other courses and I'm getting really good grades on it because I know how to write 

now because we focused on it so much in [the research course].” [CURE, S-141]. 
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Students attributed the development of these skills to the frequent and formative 

feedback that they received from their instructors, with one student saying “As much as it 

sucked while doing it, I felt like it was the first time in a long time that I had actually been challenged to 

improve my writing skills.[…]I felt like at the end of the day, the feedback they provided us on completed 

assignments was legitimately critical and helped us improve. So, I'm glad I took it and I do feel like I took 

those skills away from it.” [CURE, S-132]. Another student, who completed an AURE, also 

implicated the importance of feedback to their learning. They described their lab group’s 

practice of presenting rough oral presentations for feedback and indicated that those 

experiences contributed to their learning, “I learned a lot about editing and reviewing scientific 

papers-- that was something that we did a lot in lab meetings. [The PI] would give us a paper to look over 

and then we would review it as a group. I learned a lot about scientific writing that way. Same with 

presentation skills. Like, I did a rough presentation whenever I needed to, in front of the lab and they all 

gave me very useful feedback, so I would say I learned a lot from that.” [AURE, S-138]. 

In addition to science communication, students also mentioned transferable skills 

related to problem solving (N=8, 26.66%), project management (N=6, 20.00%), and 

inquiry (N=3, 10.00%). Several students commented on the importance of problem 

solving, with one student commenting, “I would have to say that accepting failures and finding 

solutions are probably the biggest takeaways that I got. We had a lot of failures early on, but we were still 

able to work past it and get over it and figure out what the problems were and address them and 

eventually get things working properly. So, even though things don't work out right away, to keep on 

chugging along.” [AURE, S-138]. This emphasis on creativity and adaptability was echoed in 

several other statements across all three course types. For instance, a student in a 

FURE course said, “Things go wrong. You have to learn to adapt. You have to be versatile and able 

to think on the fly.” [FURE, S-044], while a student in a CURE course commented, “[I learned] to 
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say, okay, it’s not working out, so we’re going to have to come up with a different strategy.” [CURE, S-

070]. 

Students emphasized developing skills related to project management, describing 

tactics to reduce procrastination, manage groupwork, and plan ahead. For instance, one 

student described their biggest takeaway from the experience, saying “I think one of the 

biggest things I learned was how to self-manage better. I feel like in other courses there is usually a lot of 

last minute cramming. In this one I would be planning my next two or three weeks out in advance and I 

could actually figure out how my project was going to go. I would provide myself with so much extra time 

so that if anything went wrong, I could actually spend that extra time that I had left to fix whatever 

mistakes were being made.” [AURE, S-225]. 

Finally, students also identified inquiry skills that they learned while completing their 

research project. Specifically, the ability to ask answerable questions and devise 

appropriate methods to find those answers with respect to time and resource 

constraints imposed by the course. One student said, “It definitely promoted scientific inquiry. 

Like being able to ask questions that you can answer. I know that a lot of people in the course kind of 

struggled with that at the beginning.” [AURE, S-115]. Another student, who participated in a 

CURE, agreed with this perspective, describing the question-generation process within 

their group, “[Learning to] hone in on a specific question, rather than trying to answer the millions of 

questions that we were curious about, so that we could actually put something into writing. That was a big 

milestone for my group, I guess, when we were able to do that.” [CURE, S-178]. 

Application learning was greatest in AURE research courses (N=6, 100.00%), followed 

by CURE research courses (N=9, 75.00%), and was least prevalent in FURE research 

courses (N=4, 33.33%). More than half of all students in AURE courses highlighted time 
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management, science communication, and problem solving as major skills developed 

during the courses. Whereas the greatest proportion of students in CURE courses 

highlighted science communication and research methodologies/techniques as major 

outcomes of application learning. Students in FURE courses reported a low prevalence 

of all application learning outcomes, except for science communication which was not 

mentioned as a learning outcome by any students who participated in a FURE.  

3.3.2.2.2.2  Human dimension 

The human dimension of learning relates to the understanding of ones self and 

others, enabling learners to function and interact more effectively (Fink, 2003). More 

than half of all students across all three course types, indicated that they learned 

something important about either themselves (N=11, 36.67%) or about working with 

others, including faculty members and peers (N=14, 46.67%).  

Learning gains related to working with others was most prevalent in AURE courses 

(N=4, 66.67%), followed by CURE courses (N=7, 58.33%), and finally FURE courses 

(N=3, 25.00%). This is somewhat surprising given that both FUREs and CUREs require 

groupwork with peers, while AURE courses are individual projects. One student 

succinctly explained that collaboration is still very important in AUREs because students 

must reach out to experts for advice and discussion: “I didn't realize that although it was an 

independent project, like being able to talk with people and collaborate was still just as important. 

Because I thought that I had to think of everything by myself. That was the one big thing that I was 

nervous about [before the course] because it was independent. Independent means by yourself, right? 
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But you had people helping you and I learned to reach out to experts to get help. I learned that people are 

happy to do that. To me that was the biggest takeaway.” [AURE, S-190]. 

Students in AURE courses also must collaborate with members of their research group, 

including a faculty supervisor. Learning effective communication in this advisory 

relationship was also an important learning outcome. One student described the 

process of learning the expectations that their advisor held and taking feedback to meet 

those expectations: “One thing that was a learning thing for me, was that initially at the beginning of 

my thesis, my advisor told me that he felt that I wasn't communicative enough. I wasn't keeping him in the 

loop as often as I should have been. So that sense that you should always be talking to your advisor and 

that you should always be letting them know what's up, is extremely different than a prof, where you 

never really have to talk to them unless you are looking for extra help. So that was definitely new for me. I 

think that building that communication line was super new to me.” [AURE, S-173]. 

Another student described overcoming their qualms about contacting their advisor with 

questions, saying, “I learned that if I have questions or am confused, always ask, because your 

advisor is always there willing to help you. They won't look at you and say, 'oh jeez, why are you bugging 

me so much?' They want to help you and they want to see you achieve success and reach your goals. 

So, if you have questions, ask away.” [AURE, S-006]. Students in other course types echoed this 

perspective, reflecting on how they learned to see their instructors as people instead of 

authorities and felt more comfortable approaching them with questions as a result. For 

instance, one student who participated in a FURE, commented: “[One thing I learned] is to 

never be afraid to ask someone a question or talk to them because all the profs and TAs were where we 

are now at some point. Like I am always so scared to ask a prof something because I don't want them to 

think it's a stupid question or think that I'm stupid or anything. But getting to really know them it just really 
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confirmed to me that they were once where I am, so it's really no big deal. And once you get to know 

them better, it just feels like less of a big deal to talk to them.” [FURE, S-202]. 

Students across all three course types also developed skills and appreciation for peer 

collaboration. In FURE and CURE courses, peer collaboration is built into the grading 

scheme through groupwork, however even in the independent AURE courses, students 

valued opportunities to learn with and about their peers. One student in a AURE course 

described how they created their own learning community outside of class, and how 

those peer relationships contributed to their learning: “I was in a fairly large friend group. Like 

20-ish people. About half of us all did one of these projects, whether the year long one or the semester 

group one. And although not all of us were doing similar projects […], it was just really interesting. 

Whenever I did have the opportunity to talk to them about it, it just made things a lot more clear. It made it 

more interesting, because -- although we were friends -- it felt like there was a whole other level that we 

could talk about now. It was enjoyable to have something academically competitive to work on with 

friends. […] Especially when it was getting towards the presentation times. When we were first finalizing 

our thesis posters, we would sit down and do practice runs of our presentations with each other. We 

would be asking each other questions. Although most of the questions were ones that I already had 

answers to, others gave me questions that I would then take to the lab the next day and try and figure out 

the answer through literature or whether it was something I could figure out in lab.” [AURE, S-225]. 

Students in FUREs and CUREs often commented on the challenges associated with 

working in a group, however recognized collaboration as an essential ‘real-world’ skill in 

science, for instance, recognizing that many research papers have multiple authors: 

“Learning how to do group work [was an important learning outcome] for sure. I know that's part of most 

research studies. Like I don't really know how it works, but I know that there are multiple authors on most 

research studies. So, learning how that could play out in the future if I ever did research.” [CURE, S-178] 
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and that they are likely to continue to work with peers throughout their career, “It's 

definitely worth doing [groupwork] with all kinds of different people, because you never know what kinds 

of people you are going to have to work with in your career.” [CURE, S-198].  

Furthermore, students did indicate that they valued learning to work with peers and 

developing collaborative skills. For instance, one student commented that they felt the 

groupwork element was essential to learning in the course, saying “I really liked that it 

wasn’t like everybody has to do their own paper based on their findings-- it was actually that we were 

doing this paper as a team. Which I think really reflects what real life is going to be like. […] You got to 

learn about everybody's learning styles and how to work together and how to get together when it's 

crunch time. It was tough at times, obviously, when ideas conflict. But that's the whole point of group work 

is to kind of push past those and find a common goal and theme in your work.” [CURE, S-139]. 

Similarly, another student reflected on the academic value of integrating the diverse 

backgrounds of their group members into their work, “I learned a lot more about working in a 

group and organizing everything together. Because I already had an idea on how to write a methods and 

how to do all that, but then actually doing that in a group while we were trying to figure out everything on 

our own, that was a really nice learning experience. That was mostly what I took away from this course, 

essentially how to do groupwork and to mix all of our backgrounds together.” [CURE, S-051]. 

Student learning about themselves was most prevalent in FURE courses (N=6, 

50.00%), followed by AURE courses (N=2, 33.33%), and finally CURE courses (N=2, 

16.67%). Students across all three course types talked about gaining confidence both in 

their skills as a researcher and more broadly in their ability to take on new challenges 

successfully. One student described this experience, “I think I not only learned more about the 

course content, but I also learned more about myself and what I want to do in the future. It's terrifying, but 

I think I can do [research]. It seems that I have gotten positive feedback I have heard from all the 
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instructors. So, I guess now I know I don't need to be afraid to take things on. I definitely know more 

about myself now.” [FURE, S-19]. This perspective was echoed by another student, who 

commented: “I feel like the skills we accumulated were gradual, but like that feeling of ‘oh I’m actually 

competent enough doing everything’ all hit at once and it didn’t feel as difficult or foreign anymore. […] I 

guess it also has made me a bit braver, I guess. Like trying new things, regardless if I know the outcome 

or not.” [FURE, S-164].  

3.3.2.2.2.3  Foundational knowledge 

Foundational knowledge relates to an individuals ability to remember and 

understand information related to the primary ideas and concepts of a discipline or field 

of study (Fink, 2003). Across all UREs (AUREs: N=3, 50.00%, FUREs: N=8, 66.67%, 

CUREs: N=6, 50.00%), students developed foundational knowledge related to the 

themes of 1) Information related to their topic of study (N=5, 16.67%), 2) Career options 

and career building (N=5,16.67%), and most prevalently 3) the nature of science/ 

research (N=11, 36.67%).  

Students across all URE types discussed learning information related directly to their 

topic of study, for instance, learning “a lot more about reaction pathways in the brain, with the 

effects of steroids” (AURE, S-225), “the species names for marine animals” (FURE, S-219), or “a lot 

about lichen” (CURE, S-116). While this type of learning appears basic, the level of 

specialization that students developed in these areas provided the foundations for other 

types of significant learning. For instance, the student who spoke about how learning 

about reaction pathways in the brain as part of their research project, then spoke about 

how that learning facilitated the development of a stronger interest (caring) in the topic 
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and allowed them to make connections (integration) across a diversity of topics: “While I 

was conducting this project, whenever one of my other courses would mention steroids or neurogenic 

activity, my brain just lit up and I would be a lot more interested in whatever I was learning about than I 

was before. Like, I didn't think I would be that interested in studying the brain, but that's definitely not the 

case anymore. […] It just opened my mind a lot more to a bunch of different related subjects, because, 

when I was going through my literature search, […] it would be ranging from gonadal effects to brain 

effects, changing from one type of steroid to another through a metabolic pathway, wastewater effluence 

and how those treatment plants are being changed to try and reduce it, how high these concentrations of 

steroids can build up to. It was just a lot of stuff I didn't think I would be learning about.” [AURE, S-225].  

The second major theme of foundational knowledge that students reflected on, was 

learning about career options and steps for career development. Learning related to 

career options and development was only evidenced in FURE courses (N=5, 41.67%), 

and was not mentioned in either AURE or CURE courses. Students indicated that they 

did not necessarily know the possible pathways that they could take after completing 

their undergraduate degree and reflected on the role of their interactions with faculty 

and peers at helping them to develop a clearer understanding of the career options and 

pathways available to them. For instance, one student discussed an evening lecture 

where the members of the teaching team each presented about their academic pathway 

and job experiences, “One really cool thing that I never expected to get from this course was the 

night that we talked about grad school. I feel like coming to the end of fourth year, me and every single 

person that I know has no idea what they're really doing. Unless they had an older sibling or like a 

mentor… You don't know what to do next unless you have someone telling you what your options are. I 

just feel like I got a little behind because this is my last credit and I don't know my next move. But having 

them kind of go over the options for grad school and them just sharing their journey was really inspiring 
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and it just put everything into perspective. Like it's not easy. It's a long process and there is a lot involved 

but they kind of show you what it takes and, if you're up to it, how to get there.” [FURE, S-142]. 

Faculty also provided guidance on career options during casual conversations with 

students. For instance, one student described several conversations with different 

instructors where they learned about independent research projects and were directed 

to resources that they had not previously known about: “[The professor] gave me advice. She 

said that if you are thinking about doing a masters, then maybe you should think about doing an 

undergraduate research project [i.e., an AURE] with a professor that you want to work with. Then you get 

to know the professor better and you learn how a masters works and the process of working in a lab. She 

said that might be a good thing to learn for the future. I had not heard of that before. … [Another 

professor] showed me a website of all the profs, so that I could read about their research and what they 

are doing on the school website. I didn't know that that existed before. So that was helpful.” [FURE, S-

219]. 

Peers also played an important role in broadening their knowledge of the opportunities 

that students could pursue during and after their degree. One student described how 

discussing the diverse experiences of their peers had introduced them to a variety of 

educational opportunities, including volunteering in a research group, “What has probably 

changed how I'm going to go about doing the things, is hearing from all the other people in the class—the 

sort of stuff they're doing and how they maybe approach professors to ask to volunteer or how they 

achieved the different opportunities that they've been a part of. Because then I'm like, ‘ok that's added to 

the list of things to look into or things that might be a good thing to try out or to see if that's something, I 

can do too’. I think that hearing from other people in the class has been the most influential, in how I'll go 

about making career-building decisions in the future.” [FURE, S-067]. 
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Finally, the third major theme of foundational knowledge that students reflected on was 

that they had learned something about the nature of science. For instance, students 

across all URE types talked about the discovery that science is messy and that 

conducting research usually does not mirror the ‘recipe book’ style that is sometimes 

presented in laboratory courses. One student commented, “To me it showed me that in class 

environments, everything is pretty, and everything works, and everything is perfect. In real science, it 

doesn't work that way. It's messy. Things go wrong. You have to learn to adapt. You have to be versatile 

and able to think on the fly. It's those things that I think are really valuable to have learned from this 

course. And I would never have gotten it in any other class.” [FURE, S-044].  

Other students described how they had discovered that the process of research is not 

linear and that research methodologies often do not go according to plan, commenting 

“One big thing was getting to know what it's like in real science and what it would look like for me to get 

into that. Like what academia is like. Whereas with courses, it's like, you do this, you do that-- it's very 

linear.” [AURE, S-190]. Another student described learning this lesson through an 

experience their group had had when weather had disrupted their data collection, “There 

was one week where it was just downpouring all week, and we were just like ‘we have to do this!’. So, we 

went out to go collect our arthropod traps and there was absolutely nothing in them because the cups had 

filled up with water and they had like spewed all the insects out. We were like ‘oh... okay.... so, we have 

no data for this week...’. But that was just a funny way of figuring out that science sucks sometimes. We 

just started again the next week.” [CURE, S-139]. Through these experiences, students learned 

that authentic research requires the researcher to be flexible and problem solve when 

faced with challenges. One student commented on this revelation, saying “You try one 

method, and that doesn't work so you have to try something else. You learn that it’s not just ‘this is what 

we’re testing, and this is how we do it, we do it, and its done.’” [CURE, S-199]. 
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Other students highlighted the discovery of the amount of effort that goes in to 

conducting research and producing a manuscript, for instance, commenting, “I guess 

designing an actual experiment that you can do stats on and justify to a group of people in a presentation 

and write a proposal for it and everything, it’s just a lot of planning and I think this course made everyone 

realize that.” [AURE, S-115] and “Learning how much time and effort it takes to write one of those 

papers. Making sure you include everything and just how scrutinous it can be getting things like that 

published and how many requirements there are.” [CURE, S-141]. 

3.3.2.2.2.4  Caring 

Caring as it relates to the development of an appreciation, curiosity or interest for 

something, provides the learner with the motivation to learn more about the topic (Fink, 

2003). Across all UREs (AUREs: N=2, 33.33%; FUREs: N=9, 75.00%; CUREs: N=5, 

41.67%), students developed a profound interest in the process of research, their 

research topics, and/or the settings they were researching in. The majority of significant 

learning related to caring was focused on students’ discovery of whether or not they 

enjoyed the process of research (N=11, 36.66%). Many students indicated a new or 

renewed interest in research after completing their URE. One student reflected on their 

newfound appreciation for research, saying, “Going from being in this thesis course and working 

non-stop on something, to going into COVID while not having the project, I think that was one of the 

bigger takeaways. How enormous... How meaningful a big project can be. It definitely made me more 

interested in conducting research. I was interested before, but I was also a lot more interested in animal 

care. But after the project, I realized that I was a lot more interested in research than I had thought before 

I was given the opportunity to learn about it.” [AURE, S-225]. This sentiment was echoed in a 

comment by another student, “Having the experience of really enjoying research and really loving to 
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do the work, even when it's late and I know I should take a break... just liking my project and wanting to 

keep working anyways. Yeah, it makes me think, okay, maybe I can do this.” [FURE, S-159].  

While some students expressed an interest in the process of research itself, others 

honed in on a specific topic of interest. For instance, one student described their 

experiences of struggling to combine their interest in math and ecology throughout their 

degree. For them, their research project provided a first opportunity to operate in field of 

study that combined their interests in a real world setting, “I think that for me it was finding a 

field that integrates math and ecology in the way that I love. I want to use math to help the environment. I 

am using my mathematical skills to understand models and numbers and I am using that to look at 

species competition in the face of climate change and I love that. […] I feel that this really helped me to 

find the field that I am interested in and kind of helped me realize that I really liked it.” [AURE, S-006]. 

Regardless of whether they concluded that they enjoyed the process of research, 

students indicated that they were grateful for the experiences that facilitated them to 

discover their interest or disinterest. For instance, one student who found that they were 

not interested in pursuing a career in research commented: “I think for me, this really helped 

me realize that although I really enjoyed it, but I don’t think I want to do research long-term. Like I don’t 

want to go so much towards that. I think that helped me see that this is really a good experience, and I 

really enjoyed it, but I don’t want to do that for life. So that was really helpful.” [FURE, S-201]. Other 

students discovered new interests. For instance, one student discussed how the course 

assignments related to science communication, promoted their interest in pursuing a 

career related to science communication, “I am toying with the idea of doing a master’s in science 

communication after this course, because I do like that teaching side of things and communication and 

having the public see knowledge that the non-public has created.” [CURE, S-139].  
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In addition to developing an interest in research, students also reflected on how the 

emphasis on curiosity and exploration during their courses facilitated the development 

of an appreciation and sense of wonder for the world around them. One student 

described how a series of assigned group field activities where students worked 

together to collect and identify plants and insects promoted their curiosity and sense of 

inquiry, saying: “I didn’t think I would like plants as much for example, but, near the end, I was like ‘oh I 

want to key that one’ or ‘I wonder what that one is’.  It was really eye opening.” [FURE, S-164]. Another 

student also commented on this experience, saying “I learned so much. Like I never really 

never looked into little things like bugs and plants, but I have a new appreciation for that. I never thought 

that I would, because I was just like ‘vertebrates all the way’”. [FURE, S-142].  

A student in a CURE course described an experience where a member of the local 

Indigenous community spoke to the class about the cultural value of the field site that 

they were working in. This student reflected on the lack of diversity in their class and on 

the importance of Indigenous knowledge to science, “He talked about the Arboretum and what 

it means to his people and what Guelph is doing regarding land acknowledgements. They are building 

something called a Grandmother's House. It's really cool. It's a word that means Grandmother's House 

and they're building something there to acknowledge who this land really belongs to. So, he came and 

talked to us. It was really good. I remember looking around and the entire class was white, like maybe two 

people of colour, so like no diversity. People were really paying attention to him and people were very 

touched by the opportunity to listen to him speak. […] It is really important to learn about the importance 

of including Indigenous people in research and understanding their role.” [CURE, S-102]. 
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Several students reflected that the sense of appreciation, curiosity, and wonder that 

students developed in their UREs profoundly impacted their learning. The completion of 

a research project of their own design allowed students to develop internal motivations 

and genuine interests in their work that was different from other learning during their 

undergraduate degree. It is perhaps this element of significant learning that most 

differentiates UREs from other undergraduate courses. In the words of one student, 

“This[course] was different because I had my own motivation and drive pushing me and I feel like I did 

really well because I really loved this course. It wasn't just a course where the teacher tells you 'this is the 

material you need to learn; you have to study and do an exam'. I was motivated to find the answers by 

something internal, in me, instead of a teacher telling me. I wanted to find my results. So that really 

motivated me, and I guess maybe that's why I got a really good grade.” [AURE, S-006].  

3.3.2.2.2.5  Learning how to learn 

Learning how to learn relates to an increased understanding of the processes of 

learning themselves, such as becoming a more self directed learner, learning how to 

ask effective questions, or learning about the process of inquiry (Fink, 2003). In this 

sample, about half of all students demonstrated reflection or learning about their own 

learning habits and processes (N=14, 46.67%). Learning how to learn was most 

frequently reported in AUREs (N=5, 83.33%), followed by CUREs (N=5, 41.67%), and 

was least prevalent in FUREs (N=4, 33.33%). 

Students across all course types reflected on becoming more self-directed learners. For 

instance, one student described using timesheets and weekly reflections to ensure they 

were meeting their learning goals, saying, “I would also say that having a weekly meeting set up 

with my PI was super helpful as well, because it helped me to stay accountable to actually get done what 
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I said I would do that week. The course required an updated timesheet which was helpful. It was like an 

activity log. I thought it was worthwhile to go through and reflect on what my goals were and whether or 

not I accomplished them each week or semester.” [AURE, S-115]. Another student described how 

they learned to search for answers themselves, instead of asking for the answers from 

their instructors as they might have done in other courses. They commented, “I did a lot of 

dissections and basically, I learned from websites. I searched online how to dissect them and there was 

no guidance. For example, in a lab, the instructor would have known how to dissect them, so I would ask 

her questions instead of searching online. But for this experience, I had no one to ask, so I had to read 

and search online and try to figure out what I was looking at and what I was trying to find. So that was a 

real learning experience for me, and I really enjoyed that.” [FURE, S-219]. Students also 

demonstrated a greater awareness of the areas that they wanted to improve in. For 

example, one student described their habits around writing, commenting, “I learned that I 

need to enhance my writing, because I learned that I leave writing to the last minute and then I really 

stress over it. I do a decent job, but I could do better.” [AURE, S-006]. 

Another theme that was prevalent across all three course types was the development of 

resiliency in the face of challenges or failure. For instance, one student described a 

challenge during their project where their methods of data collection did not work as 

planned, describing how the experience would make them resilient to challenges in the 

future, “If I pursue more research-related opportunities, […], it's definitely helped prepare me more, like if 

I run into frustrations in the future, I'll be like, ‘ok, well think about the time with the Fairy Shrimp and that 

all turned out okay, so I'm sure it'll be fine’.”[FURE, S-067]. Another student echoes this 

perspective, adding that while the process of failure during the course was not pleasant, 

it did help them to learn, “Developing the question and having to fail -- It helps you develop humility, I 

guess. It definitely builds you as a researcher to be like ‘I tried it and it didn't work and that's fine’. Like 
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that was definitely encouraged. Things aren't always going to work. They definitely let us fail a lot, which 

was in hindsight a good thing. During it was not pleasant.” [CURE, S-132]. 

Overall, students in all three URE types demonstrated reflection and growth related to 

their understanding of their own learning, with the most growth occurring in AUREs, 

where the student was responsible for an independent research project as opposed to a 

group one.  

3.3.2.2.2.6  Integration 

Integration learning relates to the act of making and understanding connections 

between different settings, ideas, and disciplines (Fink, 2003). Integration of learning 

was the least reported category of significant learning overall (N=7, 23.33%), and was 

most frequently reported in AUREs (N=3, 50.00%). Students in FUREs (N=2, 16.67%) 

and CUREs (N=2, 16.67%) were less likely to report integration learning compared to 

those in AUREs.  

One student in a AURE course described the integrative processes they practiced while 

completing their URE, saying: “Doing research isn't just solely focused on one course-- it really is 

about integrating all of them together. Although [my PI] does genetics research, there was a lot from 

limnology and GIS and even ecology that I had to know. And so, it's not so linear like I thought. It was 

really integrative. It was really cool having to put it all together because I was suddenly seeing how all 

these courses fit together in a real world project. Just making the connections. It was like, ‘I didn't know 

that’.” [AURE, S-190]. Later, this same student also commented on the value of integrating 

the opinions and perspectives of experts into their work. They said, “Having meetings with 

[the PI] every week or asking a TA for help or something like that [was really interesting]. Like asking 
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people for their own opinions, not even about the course but like for some other opinion that you think 

they are knowledgeable about. Just meeting people and getting their expert advice and learning to put it 

all together was really cool.” [AURE, S-190]. Similarly, another student in a CURE course, 

reflected that while they did not learn much course content, they did learn to integrate 

and apply what they learned in past courses to their current project. They commented, “I 

definitely did learn something. I learned how to combine different aspects, different information from all 

these courses into real-world learning. Everything they were talking about in the course, we had already 

been taught in other courses. They were just trying to teach us how to tie it all together and to make it into 

something that was actually usable and incorporate it with all the other information that we already had.” 

[CURE, S-187].  

Students also demonstrated their ability to make connections between their course work 

and the real-world. For instance, one student reflected on the ways that their field of 

research was being applied and understood in the context of the COVID-19 pandemic, “I 

enjoyed seeing how we can build theory because, what really interested me was that anything we see in 

nature, we can build a mathematical code around it and model it. We can model future projections. And I 

think that during this pandemic, what really has inspired me was that we are looking at theoretical models 

to try to predict our death and infection rate. So, for me, it was like 'oh my god, they're out there!'.” [AURE, 

S-006]. Another student talked about how working with live animals during their URE 

allowed them to make connections between the physiology they learned while 

dissecting specimens in previous courses and the habitats and behaviours of the live 

animals they witnessed while completing their URE, “I've done invertebrate zoology with 

dissections and stuff, but it was nice working with the live animals for a change and just seeing where 

their habitat is, instead of just cutting them open. I mean that was really helpful to learn physiology, but it 
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was really cool to see the big picture instead of one individual species and one individual thing.” [FURE, 

S-152].  
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Chapter 4: Integrative Discussion 

4.1 Summary 

In the preceding two chapters, the results and analysis of data are reported. This 

chapter consists of a summary of the study, a discussion of key findings, 

recommendations for future research, implications for practice, and conclusions.  

Undergraduate research experiences (UREs) have been lauded for their positive impact 

on students’ cognitive and affective outcomes (Lopatto, 2004, 2007; Seymour et al., 

2004). However, the traditional model of UREs lacks scalability, and is therefore not 

accessible to most student in a given cohort. Alternative versions of UREs, such as 

CUREs, which prioritize scalability do offer greater potential for access, however 

research on the range of CUREs and their influences on student learning remains 

limited. In particular, the absence of a systematic classification of UREs limits the ability 

to compare across URE types, making it unclear if these new, scalable models have 

achieved the aim of providing a more accessible, but equally impactful URE.  

The overall purpose of this thesis included first characterizing the range of for-credit, 

biology UREs offered in Ontario and validating the UREs offered in the Department of 

Integrative Biology at the UoG as representative of other Ontario offerings. Once 

comparative groups of UREs were established, I sought to compare students’ 

experiences in each of the course types in relation to accessibility and impact. 

Specifically, I sought to compare students’ motivations for enrolling, perception of 

barriers, and self-reported learning across the three URE types. I also compared the 
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demographics of students participating in each course type to determine if any student 

groups were less likely to participate in any of the URE types. To achieve this objective, 

I used a mixed methods approach which included surveys and semi-structured 

interviews with students participating in one seven UREs within the Department of 

Integrative Biology at the UoG.  

4.2 Key Findings 

4.2.1 A typology of undergraduate research experiences 

The first objective of this thesis was to document and described the range of available, 

for-credit, undergraduate, biology research opportunities in Ontario and develop a 

typology of these courses. The data presented in this chapter confirms the typology of 

UREs synthesized from the literature, which categorizes UREs into apprenticeship 

UREs (AUREs), field-based UREs (FUREs), and course-based UREs (CUREs). The 

differences between these three course types were evidenced in both the course 

characteristics (e.g., the cost, the enrollment process, the staff to student ratio, 

presence of groupwork, etc.) and the distribution of assessment weights. AUREs were 

primarily characterized by one-on-one mentorship with a more experienced researcher, 

more complex application processes, greater credit value, and a greater grading weight 

on oral and written disseminations of the research. FUREs were similar to CURES in 

that they were high-enrollment, and group-work based. They were similar to AUREs in 

that an application was required to enroll. They were differentiated from both AUREs 

and CUREs in that FUREs had an additional cost to participation and occurred outside 

of the traditional academic year. Finally, CUREs were general-enrollment courses which 
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did not require an application to enroll. This typology of UREs provides a foundation to 

extend previous research on undergraduate research which primarily focuses on the 

traditional apprenticeship model, to include the other course types characterized in this 

thesis. 

4.2.1.1 The Department of Integrative Biology at the UoG is a representative site 
for further study 

Given the range of UREs discussed in the literature, a sub-objective of this typology 

was to determine if the UREs offered at the UoG are representative of the typology and 

to validate the UoG as a suitable site for additional study. By including the courses 

offered at the UoG in the larger analysis, I determined that all three URE types which 

exist across the 14 Ontario universities included in this study, are also offered at the 

UoG. By demonstrating that the opportunities within Department of Integrative Biology 

at the UoG are similar to those available in the biology departments at other Ontario 

universities, I validated the IB department as a suitable site for further study of UREs.  

4.2.2 Comparison of the impact and accessibility of URE types  

The second major objective of this thesis was to compare students’ perspectives and 

experiences of accessibility and impact across the various types of URE. To do this, I 

explored two research questions and several sub-questions through a mixed methods 

approach: 

1) How accessible are each of the three URE types? 
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a. Who participates in each of the URE types, with respect to underserved 

student groups?  

b. Why do students enroll in each of the URE types?  

c. What barriers to participation exist for each of the three URE types? 

2) What is the impact of each of the three URE types?  

a.  What best practices are being implemented to engage students across 

each of the three URE types? 

b. What do students learn in each of the URE types?  

4.2.2.1.1 CURE courses are the least barriered URE type 

When student demographics were considered across course types, FURE courses 

appeared to be more likely to include students who were members of an underserved 

group, however this was mostly driven by the fact that FURE courses had the greatest 

proportion of non-white students, perhaps because these courses are collaborative 

across several Ontario institutions through the Ontario Universities Program in Field 

Biology and so include students from universities with a more diverse student base than 

the UoG (which is primarily white). When ethnicity was excluded, FUREs and CUREs 

were found to have a greater proportion of students from underserved groups. CUREs 

were also the most likely to include students who identified with more than one 

underserved demographic group.  

Furthermore, I found that while all three URE types do share some qualities which 

motivate students to enroll, each course type also has distinct motivators as well. I 
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found that students were attracted to the hands-on, experiential learning of all three 

courses. This finding is supported by past multi-institutional research which found that 

students reported choosing to participate in AUREs for experiential reasons (Mahatmya 

et al., 2017). Similarly, the various topics of the courses appealed to different students 

and allowed them to find a course or advisor that allowed them to pursue a topic of 

strong personal interest. However, students in AUREs also attributed their motivation to 

apply to their previous relationships with faculty who either actively recruited them or 

provided a foundation to ask them to supervise their thesis project. FUREs appealed to 

students who wanted to travel and explore novel environments. Finally, CUREs were 

often included in degree requirements, and so students were motivated to enroll, only, 

or in part, because they needed the course to complete their degree. These motivations 

which are confined to only one URE type have particular implications for accessibility. 

For instance, several students indicated that they enrolled in a AURE course because of 

a previous relationship with a professor. These students had worked or volunteered for 

their advisors before being recruited or asking to enroll in an AURE under their 

supervision. This points to a possible barrier for those students who have not formed a 

relationship with a faculty member by the time they are in third year and seeking an 

advisor. Indeed, it is likely those students who do not yet have an academic mentor or 

experience in a research group who are most in need of a research experience, and yet 

they are also in the least advantaged position when seeking out an advisor. Oppositely, 

because CURE courses are required for many majors, students who may never have 

known about the value of these courses were able to enroll.   
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Students across all three URE types reported experiencing barriers to enrollment and 

participation. Students in FURE courses were significantly more likely to indicate that 

they experienced barriers when surveyed compared to students in AUREs and CUREs. 

These students were also more likely to describe external barriers to participation during 

semi-structured interview compared to students in other URE types. Specifically, 

students in FURE courses were the most likely to report barriers related to finances and 

scheduling their URE. These were reported to be a result of the additional cost of the 

courses and their scheduling during the summer semester when most students hold 

summer jobs.  

While FURE courses had the greatest prevalence of external barriers overall, students 

in AURE courses were the most likely to report challenges associated with enrollment 

logistics—for instance, the barriers imposed by the requirement that they find their own 

advisor. This supports the theory of “scientific research capital” described by Cooper, 

Cala, and Brownell (2021). Cooper and colleagues (2021) showed that an 

understanding of the cultural practices of researchers is advantageous when enrolling in 

undergraduate research, as students with scientific research capital are more likely to 

secure undergraduate research opportunities. Students who do not already have a 

mentor who can provide guidance and education on the culture of researchers may not 

have the logistical knowledge to enroll in AUREs. The fewest students reported barriers 

in CURE courses. Only a small number of students reported that scheduling the course 

activities was made more challenging by the groupwork element, which required 

students to coordinate with their peers to form their own schedules, however students 
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indicated that allocating class time for group work was effective at mitigating these 

challenges. Indeed, several students spoke expressly about how CUREs were more 

accessible to them, even compared to lecture courses.  

Internal barriers, whereby students reported feeling nervous or afraid to enroll due to 

some element of the course (including the perceived intensity, the social elements, or 

concerns about their ability to succeed) were common across all three course types. 

This is further supported by previous literature which found that a primary reason why 

students choose not to participate in UREs is due to feelings of lack of preparedness 

(Mahatmya et al., 2017). While students are expected to feel some apprehension when 

taking on a new experience, students’ concerns about lack of structure/ support, and 

fears about their ability to succeed could be mitigated through greater scaffolding during 

early degree courses, and more explicit stated expectations at the beginning of the 

course.  

4.2.2.1.2 Students learn different things in different UREs 

Quantitative analysis of students’ experiences of educational best practices 

demonstrated that students felt that CUREs were less impactful compared to AUREs 

and FUREs. However, rich qualitative interviews with students demonstrated the 

learning value of these courses. All students across all three UREs experienced at least 

one of the six essential domains of significant learning in their UREs, demonstrating that 

all three UREs were sufficient to foster significant learning. However, the proportion of 

students who reported significant learning was greatest in AUREs across four domains 
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of learning including application learning, human dimension of learning, learning how to 

learn, and integration learning, indicating the extensive learning value of this traditional 

URE model. Students in FUREs were the most likely to report learning foundational 

knowledge and to indicate greater caring about the topics they were learning. Finally, 

students in CUREs were more likely to report application learning, than those in FURE 

courses. They were also just as likely to report developing the human dimension of 

learning as those in FURE courses. These results indicate that while all three courses 

have the potential to foster significant learning, the orientation of that learning may be 

different between the three URE types.  

Taken together, this research suggests that each of the three URE types represents an 

important and unique learning experience for students and so cannot be considered 

equivalent in terms of learning. Because these courses are not equally accessible to 

students, this finding has implications for student outcomes. While all three courses 

offered many positive benefits for students, AUREs were more likely to develop 

aspirations to continue in research and/or pursue graduate studies. In some cases, 

students in AUREs were offered opportunities to pursue graduate studies with their 

undergraduate advisor. Therefore, AURE courses may contribute more directly to 

persistence in a scientific career after graduation, when compared to the other two 

course types. Future longitudinal comparisons of the career outcomes of each of the 

URE types should explore this in more detail. Furthermore, future research should 

explore ways to make AUREs and FUREs more accessible to students, and to develop 
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CUREs which achieve a range of learning outcomes to better approximate the 

experiences of the other URE formats.   

4.3 Limitations 

There are several factors that may have impacted the outcomes of this study. Most 

notably, only students who had successfully enrolled in a URE were included in this 

study. Given that all but one major in the Department of Integrative Biology at the UoG 

requires students to participate in a URE, this was a convenient group to sample from. 

However, as the most severe barriers would prohibit students from successfully 

enrolling in a URE, this study could benefit from a complimentary piece seeking out 

students who opted out of participation, to better understand their experiences. 

Furthermore, because of the limited sample sizes required for rich, qualitative analysis, 

it is possible that low-frequency experiences and the experiences of minority groups 

were overlooked in this study. While the majority of students in this study recounted 

positive experiences in their UREs, this is unlikely to be true for every student. It may 

therefore be worthwhile to sample specifically from underserved student groups, to 

ensure their experiences are fully considered. For example, one possible study design 

would be to provide vignettes of course descriptions to students and asking them to 

reflect on their perceptions of accessibility and their motivation to enrol. This would 

serve the additional benefit of identifying the internal barriers students may encounter 

before even trying to enroll in a URE.  

In this analysis, I aggregated several courses into a single typology, in order to produce 

more generalizable comparisons. However, a more detailed comparison of the courses 
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which make up each type could also prove interesting. This is especially true of the 

courses categorized as CUREs because they were the most variable and least well 

defined in this research. Interviewing the faculty designing and teaching CURE courses 

would provide a much clearer picture of the range of formats that exist within this course 

model. Likewise, a comparison of how students selected courses within each URE type 

to enroll in could provide additional details of specific best practices to improve the 

accessibility of individual courses.  

Finally, the comparison between URE types was conducted at a single institution. 

Therefore, it is possible that the outcomes of this comparison are limited to this single 

institution. However, I did establish the UoG as a representative site for further 

investigation in the early stages of this research. Therefore, while the results of this 

thesis may not be immediately transferable to other institutions, I have attempted to 

improve the generalizability of results by ensuring that the courses students were 

participating in were similar to those offered at other institutions in Ontario. Multi-

institution investigations of student outcomes between the URE types may be of value 

to future research.  

4.4 Implications 

Despite the limitations of this study, there are several important implications for this 

research. This study contributes to the literature on UREs by providing a clear typology 

of research experiences in the natural sciences, which allows for generalizable 

comparisons between the course types. Furthermore, this study provides the first 
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comparison of students’ experiences of accessibility across a range of URE types, and 

one of the first qualitative accounts of students’ experiences in UREs.  

The results of this study provide evidence to support previous claims about the validity 

of the CURE design as an accessible model to engage students in research during their 

undergraduate degree, that has been proposed in previous research (Auchincloss et al., 

2014). Consistent with previous research, this study supports the positive student 

outcomes of AUREs (Lopatto, 2004, 2007; Seymour et al., 2004), FUREs (Beltran et al., 

2020; Easton & Gilburn, 2012; Ford et al., 2017; Kricsfalusy et al., 2018), and CUREs 

(Auchincloss et al., 2014; Toma et al., 2015). Similarly to Toma and colleagues' (2015) 

comparison of a CURE program to an AURE at a single institution, the results of this 

study indicate that while all research-based curriculum benefit students, the learning 

gains do differ between the URE types. Consistent with Tome et al., (2015) my study 

found that students in CUREs were more likely to report learning research skills, while 

those in AUREs were more likely to indicate interpersonal skills and thinking/ feeling like 

a scientist. This finding has important implications for accessibility. Though CUREs are 

beneficial to students, they cannot be equated to less accessible formats of URE. 

Therefore, it is essential that educators and administrators seek to both 1) improve the 

accessibility of AUREs and FUREs, and 2) continue to develop a range of CUREs 

which are designed to effectively facilitate the same learning objectives as more 

traditional formats of URE, in addition to the skill-based learning outcomes evidenced 

here and in Toma et al. (2015). One possible avenue to do this is by taking a systems 
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approach to connecting learning outcomes with specific course activities as described 

by Corwin et al (2015).  

From an administrative perspective, my results show several potential avenues for 

improving UREs. Students reported that the greatest barrier to participation in AUREs 

was their ability to find an advisor. One option to alleviate this barrier is to have students 

apply to the course more generally, and then to match students and faculty together 

based on research interests. Alternatively, advisors could create ‘job-postings’ for 

available URE positions and provide clear guidelines to students for how to apply. By 

providing additional structure to the enrollment in AUREs, students will have a better 

understanding of how to enroll. This is especially important for students who are first in 

their families to attend university, as they are unlikely to have the inter-generational 

knowledge of how to pursue such opportunities. For FUREs, students indicated that 

they greatest barriers to participation were due to the cost of the courses, and due to 

their scheduling during the summer semester when many students are required to work 

to pay for their education. These courses provide some of the greatest opportunities for 

integration with the CURE framework. By building field-based research courses which 

are local to the university’s campus, and taught during the regular school year, course 

developers could mitigate the barriers associated with high costs and inconvenient 

scheduling of current field courses. However, it is notable that one of the major 

motivations for students to participate in field courses was due to the sense of novelty 

and adventure that resulted from travelling to field sites. The integration of novelty and 

exploration is a key element of field courses and should not be overlooked during 
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course design; best-practices for including novel experiences in more accessible field 

course iterations may present a fruitful avenue for future research. Providing 

scholarships and other financial aid for students participating in field courses would also 

help to ensure these experiences are attainable for all students. Additionally, offering 

field courses at the beginning and end of the summer semester, and over the winter 

and/or spring breaks, would better allow students to plan their summer employment 

schedule around the course.  

Given that this is the first and only study to propose a comprehensive typology of UREs, 

it is important that future studies continue to conduct comparisons within this typology. 

The research design for extracting data from course syllabi to create this typology may 

be of use to other researchers who wish to replicate this design to better understand the 

landscape of UREs in other educational jurisdictions and contexts. Finally, the results of 

this study support the uptake of evidence-based, thoughtfully designed CUREs to 

ensure that every student has the opportunity to participate in a URE.  

4.5 Conclusions 

This research generated the first evidence-based typology of UREs by clustering URE 

courses at fourteen different Ontario universities into types based on course 

characteristics. Furthermore, through a mixed methods approach, I provide valuable 

insight into the experiences of undergraduate students while participating in each of the 

URE types.  
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The data presented in this chapter permits the development of a Canadian typology of 

curriculum-based undergraduate biology research experiences, categorised into three 

URE types, labelled AUREs, FUREs, and CUREs. FUREs, which involved students 

travelling to a field location to conduct research, were found to be the least accessible 

course type, with students reporting major barriers associated with the cost of the 

courses and their scheduling during the summer semester. AUREs also presented 

barriers to access as they were logistically difficult to enroll in as students had to find an 

advisor who was willing to supervise them. CUREs were the most accessible course 

format because they integrated research into a high enrollment, general admission 

course.  

Semi-structured interview revealed that students across all three UREs experienced the 

six essential domains of significant learning in their UREs, demonstrating that all three 

UREs were sufficient to foster significant learning. Indeed, the proportion of students 

who reported the various categories of significant learning were roughly the same 

between the FUREs and CUREs, with only one exception. Students reflected that the 

FUREs facilitated the development of interests, curiosity, and appreciation (caring about 

learning) at greater rates than those in CUREs, while students in CUREs reflected on 

developing skills (application of learning) more often than those in FURE courses. The 

proportion of students who reported significant learning was greatest in AURE courses 

across all categories, with the exception of caring and foundational knowledge, both of 

which were most reported by students who participated in FURE courses.  
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Taken together, this research indicates that different UREs have different levels of 

accessibility and that each offers unique learning value to students. To best support the 

education of well-rounded scientific thinkers, educators should aim to improve the 

accessibility of all URE types and to integrate these experiences throughout students’ 

degrees.  
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APPENDICES 

 

APPENDIX A: DATA FOR THE PCA OF ALL 76 URE OFFERINGS AND THE EIGHT COURSE 
VARIABLES AND SEVEN ASSESSMENT VARIABLES USED TO CHARACTERIZE THEM.  

 COURSE STRUCTURE VARIABLES ASSESSMENT VARIABLES 

# ID Institution Credit 
value 

Tot. 
cost 

CAD$ 

Min. 
Grade 

 

App 
Required 

During 
reg. 

school 
year 

Weeks Students 
per staff 

% 
grade 
group
work 

# of 
assign-
ments 

% 
oral 

% 
written 

% 
reflect 

% 
partic-
ipation 

% 
notes 

% 
test 

1 BU-
4F90 

Brock 
University 

1 0 75 Y Y 24 1 0 5 50 50 0 0 0 0 

2 BU-
4F92 

Brock 
University 

1 0 NA Y Y 24 1 0 6 40 60 0 0 0 0 

3 BU-
BBR 

Brock 
University 

0.5 950 NA Y N 2 10 55 6 10 35 15 10 30 0 

4 CU-
3901 

Carleton 
University 

0.5 0 NA Y Y 12 1 0 No formal curriculum. 

5 CU-
4907 

Carleton 
University 

1 0 NA Y Y 24 1 0 No formal curriculum. 

6 CU-
4908 

Carleton 
University 

1 0 75 Y Y 24 1 0 4 20 65 0 15 0 0 

7 CU-
CSR 

Carleton 
University 

0.5 2700 NA Y N 2 3 10 4 10 70 0 10 0 10 

8 CU-
FEF 

Carleton 
University 

0.5 1350 NA Y N 2 6 5 5 15 45 0 5 5 30 

9 CU-
TEB 

Carleton 
University 

0.5 1300 NA Y N 2 6 10 4 0 80 0 10 10 0 

10 LH-
WFE 

Lakehead 
University 

0.5 1200 NA Y Y 2 2 55 6 20 30 0 15 10 25 

11 LH-
4101 

Lakehead 
University 

1 0 NA Y Y 24 1 0 No formal curriculum. 

12 LH-
AEE 

Lakehead 
University 

0.5 1625 NA Y N 2 4 20 7 25 30 0 20 15 10 

13 LH-
3990 

Lakehead 
University 

0.5 0 75 Y N 12 1 0 No formal curriculum. 

14 LU-
4017 

Laurentian 
University 

0.5 0 NA Y Y 12 1 0 6 25 45 0 30 0 0 
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15 LU-
4035 

Laurentian 
University 

1 0 75 Y Y 24 1 0 6 20 50 0 30 0 0 

16 LU-
REM 

Laurentian 
University 

0.5 1200 NA Y N 2 2.4 20 4 20 50 0 20 5 5 

17 MM-
3IR3 

McMaster 
University 

0.5 0 73 Y Y 12 1 0 4 0 50 0 30 20 0 

18 MM-
4C12 

McMaster 
University 

2 0 75 Y Y 24 1 0 5 20 45 0 35 0 0 

19 MM-
4F06 

McMaster 
University 

1 0 72 Y Y 24 1 0 5 25 50 0 25 0 0 

20 MM-
4IR3 

McMaster 
University 

0.5 0 70 Y Y 12 1 0 4 20 50 0 30 0 0 

21 MM-
SEB 

McMaster 
University 

0.5 3350 NA Y N 2 10 15 5 0 55 0 15 30 0 

22 QU-
537 

Queen’s 
University 

2 0 NA Y Y 24 1 0 No formal curriculum. 

23 QU-
538 

Queen’s 
University 

0.5 0 NA Y Y 12 1 0 4   0  0 0 

24 QU-
541 

Queen’s 
University 

2 0 NA Y Y 24 1 0 No formal curriculum. 

25 QU-
BCE 

Queen’s 
University 

0.5 4750 NA Y N 2 6.67 30 6 10 50 10 10 20 0 

26 QU-
FEQ 

Queen’s 
University 

0.5 1300 NA Y N 2 6 50 4 0 90 0 10 0 0 

27 QU-
HDA 

Queen’s 
University 

0.5 1200 NA Y N 2 9.33 40 5 20 40 10 20 10 0 

28 TU-
3890 

Trent 
University 

0.5 0 75 Y Y 12 1 0 No formal curriculum. 

29 TU-
3891 

Trent 
University 

1 0 75 Y Y 24 1 0 No formal curriculum. 

30 TU-
4010 

Trent 
University 

1 0 75 Y Y 24 1 0 7 28 62 0 10 0 0 

31 TU-
4020 

Trent 
University 

2 0 75 Y Y 24 1 0 7 28 62 0 10 0 0 

32 TU-
4400 

Trent 
University 

0.5 0 75 Y Y 12 1 0 5 40 25 0 35 0 0 

33 TU-
DWB 

Trent 
University 

0.5 3800 NA Y N 2 8.33 25 6 15 40 0 20 0 25 

34 UG-
3010 

University of 
Guelph 

0.5 0 NA N Y 12 25.33 40 8 0 75 15 10 0 0 

35 UG-
4110 

University of 
Guelph 

1 0 NA N Y 12 13.33 75 5 20 55 5 20 0 0 

36 UG-
3100 

University of 
Guelph 

1.5 0 NA N Y 24 7.5 15 9 18 30 0 20 20 12 
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37 UG-
4600 

University of 
Guelph 

1 0 NA N Y 12 15 5 6 20 70 0 5 5 0 

38 UG-
4500 

University of 
Guelph 

1 0 70 Y Y 12 1 0 5 25 55 0 20 0 0 

39 UG-
4521 

University of 
Guelph 

2 0 70 Y Y 24 1 0 12 32.5 40 10 18 0 0 

40 UG-
4510 

University of 
Guelph 

1 0 70 Y Y 24 1 0 5 25 55 0 20 0 0 

41 UG-
AEC 

University of 
Guelph 

0.5 2000 NA Y N 2 6.67 20 6 10 60 0 10 20 0 

42 UG-
FEA 

University of 
Guelph 

0.5 1600 NA Y N 2 8.33 10 4 0 60 0 10 20 10 

43 UG-
MBO 

University of 
Guelph 

0.5 2500 NA Y N 2 5 50 3 0 90 0 10 0 0 

44 UO-
3009 

University of 
Ottawa 

1 0 80 Y Y 24 1 0 No formal curriculum. 

45 UO-
4004 

University of 
Ottawa 

0.5 0 63 Y Y 12 1 0 2 0 100 0 0 0 0 

46 UO-
4009 

University of 
Ottawa 

1.5 0 70 Y Y 24 1 0 3 20 40 0 40 0 0 

47 UO-
FOA 

University of 
Ottawa 

0.5 760 NA Y N 2 9 55 5 15 40 0 15 10 20 

48 UO-
WEA 

University of 
Ottawa 

0.5 5500 NA Y N 2 7.33 15 4 15 35 0 15 35 0 

49 TO-
397Y 

University of 
Toronto 

1 0 NA Y Y 24 1 0 No formal curriculum. 

50 TO-
497H 

University of 
Toronto 

0.5 0 NA Y Y 12 1 0 No formal curriculum. 

51 TO-
498Y 

University of 
Toronto 

1 0 NA Y Y 24 1 0 No formal curriculum. 

52 TO-
3981 

University of 
Toronto 

1 0 NA Y N 8 2 35 3 0 30 0 35 35 0 

53 TO-
3982 

University of 
Toronto 

1 0 NA Y N 12 2 30 4 0 40 0 30 30 0 

54 TO-
3983 

University of 
Toronto 

1 0 NA Y N 14 2 35 4 20 35 0 35 10 0 

55 TO-
398H 

University of 
Toronto 

0.5 0 NA Y N 4 2 30 4 0 40 0 30 30 0 

56 TO-
410H 

University of 
Toronto 

0.5 1000 NA Y N 2 5.5 45 6 30 40 0 20 10 0 

57 TO-
TFB 

University of 
Toronto 

0.5 720 NA Y N 2 5.33 20 5 40 35 0 20 5 0 

58 UW-
349 

University of 
Waterloo 

0.5 0 NA N Y 12 4 20 6 30 50 0 20 0 0 
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59 UW-
499 

University of 
Waterloo 

1 0 73 Y Y 24 1 0 4 15 45 0 40 0 0 

60 UW-
BRE 

University of 
Waterloo 

0.5 3350 NA Y N 2 5.33 10 6 0 50 0 10 30 10 

61 WU-
3230 

Western 
University 

0.5 0 60 N Y 12 10 20 8 10 65 0 10 15 0 

62 WU-
4998 

Western 
University 

1.5 0 NA N Y 24 13.3333
3 

80 7 40 45 0 15 0 0 

63 WU-
4970 

Western 
University 

0.5 0 NA Y Y 12 1 0 4 35 35 0 30 0 0 

64 WU-
4999 

Western 
University 

1.5 0 NA Y Y 24 1 0 5 15 85 0 0 0 0 

65 WU-
AFE 

Western 
University 

0.5 1450 NA Y N 2 10 20 6 5 35 0 20 20 20 

66 WU-
ESM 

Western 
University 

0.5 2050 NA Y N 2 5 0 7 0 55 0 0 0 45 

67 WU-
TBD 

Western 
University 

0.5 3500 NA Y N 2 4.33 10 7 10 20 10 10 30 20 

68 WU-
TME 

Western 
University 

0.5 4150 NA Y N 2 10 10 5 0 55 0 10 20 15 

69 WL-
495 

Wilfred 
Laurier 
University 

0.5 0 NA Y Y 12 1 0 No formal curriculum. 

70 WL-
499 

Wilfred 
Laurier 
University 

1.5 0 70 Y Y 24 1 0 4 25 75 0 0 0 0 

71 WL-
FBM 

Wilfred 
Laurier 
University 

0.5 900 NA Y N 2 6 5 5 0 45 0 5 25 25 

72 YU-
3250 

York 
University 

0.66 0 NA N Y 12 12.5 20 4 20 40 0 0 0 40 

73 YU-
4003 

York 
University 

0.5 0 70 Y Y 12 1 0 5 35 55 0 10 0 0 

74 YU-
4008 

York 
University 

1.33 0 70 Y Y 24 1 0 5 35 55 0 10 0 0 

75 YU-
EEE 

York 
University 

0.5 1250 NA Y N 2 10 20 5 30 50 0 20 0 0 

76 YU-
SEM 

York 
University 

0.5 850 NA Y N 2 10 40 4 10 70 0 20 0 0 

        NA= NOT AVAILABLE, Y=YES, N=NO 
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APPENDIX B: DETAILED ITINERARY OF THE ARCTIC ECOLOGY 
FIELD COURSE OFFERED BY THE UNIVERSITY OF GUELPH IN 

CHURCHILL, MANITOBA IN 2019.  

Detailed Itinerary: Arctic Ecology Field Course, University of Guelph [July 2019] 

Day 1: July 4th  
9:30am – 
12:00pm 

Students arrive and are picked up from airport or train station.   

Lunch (12:00-1:00pm) 
2:30pm – 3:45pm  Classroom: Students introduce themselves and form list of class 

values. 
4:00pm – 5:00pm Field: Intro to flower ID, soil sampling and measuring soil pH. 

Students split into small groups to identify wildflowers.  
Dinner (5:30-6:30pm) 
Evening  Unstructured social time.  
Day 2: July 5th  
Breakfast (7:00-8:00am) 
8:15am – 9:30am  Lab Time: Create field sampling kit, learn polar bear safety 

protocols, short workshop on collection protocols; description of 
activities for the day.  

10:00am – 
12:00pm  

Field: Make site observations, key out 5 new species, make notes 
in field guide and take pictures, set up yellow plates and take 
GPS coordinates, collect and ID freshwater arthropods, learn 
aquatic sampling techniques. Instructors set up malaise trap.   

Lunch (12:00-1:00pm) 
1:15pm – 2:00pm Lab time: describe afternoon activities and what to expect. 
2:30pm – 4:00pm Field: Make site observations, formulate hypotheses about how 

substrate impact microhabitats, place HOBO temperature 
loggers, dig pitfall traps, continue to identify wildflowers, explore, 
and make field notes.  

4:00pm -5:30pm  Town: Visit museum, buy souvenirs, visit grocery store (notice 
and record exorbitant food prices). 

Dinner (5:30-6:30pm) 
7:00pm – 9:00pm  Classroom: Student oral presentations (prepared in advance of 

the course).  
Evening Unstructured time. Some students identifying insects in lab and 

working on their field notebooks, some watching movie.  
Day 3: July 6th  
Breakfast (7:00pm-8:00pm) 
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8:15am – 9:00am Lab time: Introduce bird of the day, randomize groups, description 
of activities for the day. 

9:30am – 
12:30pm  

Field: Identify wildflowers and calculate vegetation coverage 
using quadrats and transects at two different field sites.  

Lunch (12:30-1:00pm) 
1:15pm – 5:30pm  Field: Continue identifying wildflowers and doing quadrats at two 

more sites. 
Dinner (5:30pm – 6:00pm) 
7:00pm – 8:30pm  Classroom: Student oral presentations (prepared in advance of 

the course).  
8:30pm – 9:30pm  Classroom: Workshop on how R statistical program 
Evening Unstructured: lab work, wildflower IDs, updating field notebooks, 

socializing  
Day 4: July 7th 
Breakfast (7:00pm-8:00pm) 
9:00am – 9:30am Lab: introduction to the day, prepare field kits 
9:30am – 
12:30pm  

Field: Visit two sites. Conduct vegetation quadrats and wildflower 
IDs at the first site. The second site is a fen where students 
collect plant and invertebrate samples.  

Lunch at lookout (12:45pm-2:00pm) * 
*students spend time after lunch identifying wildflowers around the lookout. 
2:30pm – 5:30pm  Field: Visit site of old forest fire. Bus to moraine and hike to the 

top of the moraine. We see a caribou in the distance. Most 
students go swimming in moraine lake after the hike.  

Dinner (5:30pm-6:30pm) 
7:00pm – 9:00pm  Classroom: Statistics lesson.  
Evening Students work together on field notebooks and identify specimens 

in the lab. Students are up late socializing and drinking.   
Day 5: July 8th  
Breakfast (7:00pm-8:00pm) 
8:15am – 9:30am  Lab: Groups are assigned, activities are introduced, learning 

outcomes are discussed, review of bear safety, make field kits.  
10:00am – 
12:00pm  

Field: measure ponds and collect pond parameters (Dissolved 
oxygen, temperature, salinity, conductivity). Collect invertebrates, 
identify them and fill in field sheets.  

Lunch (12:30-1:30pm) 
2:00pm – 4:00pm  Field: continued from this morning. Activities are cut short by 

lighting and rain. We return to the centre.  
4:30pm – 5:30pm  Lab: Students ID insects and work on field/ lab notes. Socializing. 

Some students nap.  
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Dinner (5:30-6:30pm) 
7:00pm – 9:00pm  Lab: Students start IDing insects from the pan and malaise traps 

set out on the first day. All groups stayed in lab until they 
completed IDing all of the insects they collected today and from 
Day 1. Last group left at 9:45pm.  

Evening People were up late drinking and playing board games. Other 
researchers at the centre joined in and also chatted with students.  

Day 6: July 9th 
Breakfast (7:00pm-8:00pm) 
8:15am – 8:30am  Lab: Students put together field kits. Activities are the same as 

yesterday, so not much instruction needed.   
9:00am – 
12:00pm  

Field: Collect pitfall traps from previous day; continue to measure 
ponds and collect pond parameters (Dissolved oxygen, 
temperature, salinity, conductivity). Collect invertebrates, identify 
them and fill in field sheets.  

Lunch (12:30-1:30pm) 
2:00pm – 4:00pm  Field: continued from this morning. Students also ID plants and 

walk down to the bay to feel the water.   
Dinner (5:30-6:30pm) 
6:30pm – 8:30pm  Lab: Students ID insects collected in pitfall traps and from ponds.   
10:00pm – 
12:00am 

Group trip to a local bar in town for an open mic night. All but 5 
students attend. One student plays his guitar at open mic night.  
Afterwards, students stay up until 2:30am to watch the sunset and 
see the northern lights.  

  
Day 7: July 10th  
Breakfast (7:00pm-8:00pm) 
8:15am – 9:30am  Lab: Introductions to researchers joining us for the day, pack 

lunch, pack field kits, introduce birds of the day and activities of 
the day.  

10:00am – 
11:00pm  

Excursion: Visit Churchill metal dump.   

11:15am – 
1:00pm  

Field: Visit bog. Dig to the permafrost layer, ID wildflowers.  

Lunch at lookout (1:00pm-2:00pm) * 
*Students explore lookout area. TA finds a rare orchid; most students go look.  
2:00pm – 5:00pm  Excursion: Trip to Dene village to learn about the genocide that 

occurred here and reflect on relationships between government of 
Canada and Indigenous peoples. Visit Churchill Bay and walk 
around the Cape. Watch Belugas in the Bay.  
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Dinner (5:30-6:30pm) 
7:00pm – 9:00pm   Classroom: Teaching Staff present about their journey as 

scientists, their background and areas of research.   
Evening Unstructured: Students watch movies, socialize, relax and some 

continue working on IDing in the lab.   
 

Day 8: July 11th  
Breakfast (7:00pm-8:00pm) * 
*Sleep-in day. Students may sleep in since activities don’t start until 10am.*  
10:00am – 
12:00pm 

Classroom: Lesson from research station director about research 
occurring at the station, the ecology of Churchill and job 
opportunities.  
Lesson on how to use some data logging equipment.  

Lunch (12:30-1:30pm) 
1:15pm – 1:30pm  Lab: Explanation of activity.  
2:00pm – 4:45pm  Field: Collect water parameters and invertebrates from a tundra 

pond and creek.  
Dinner (5:30-6:30pm) 
7:00pm – 8:30pm  Classroom: Lecture by visiting beluga whale researcher.  
Evening Unstructured: Most students work on invertebrate identification in 

lab until about 10pm. At 1am, someone sees the Northern Lights 
and wakes up the rest of the class. Everyone stands outside for 
hours to watch. Many students are up until 3-4am.   

Day 9: July 12th  
Breakfast (7:00pm-8:00pm) 
7:30am – 8:30am  Lab: Pack lunches and field kits, continue IDing invertebrates, 

plan for the day. 
9:00am – 1:30pm  Excursion: Kayaking with belugas.  
Lunch at beach (1:30-2:00pm) 
2:00pm – 3:30pm  Beach: Clarification of expectations for field notebook and group 

project assessments. Lecture about the components of a good 
field study. Discussion of the variation in micro-habitats that we 
have explored. Explanation of plan the afternoon/ evening. 
Questions and answer session about independent project.  

4:30pm – 5:30pm  Classroom: R statistical program tutorial.  
Dinner (5:30-6:30pm) 
Evening  Independent Project Consultations: All students must meet with 

teaching staff and propose/ fine tune their final projects. Teaching 
staff help to ensure projects are feasible and brainstorm ideas 
with the student.  



 

 

 

150 

 

 

Day 10: July 13th  
Breakfast (7:00pm-8:00pm) 
8:30am – 9:30am  Lab: Today is pilot study day. Students prepare their field kits to 

run the first day of their independent study. Teaching staff lays 
out plans for the day and for upcoming oral presentations.  

10:00am – 
12:00pm  

Field: Students work alone or in pairs to begin setting up their 
data collection. Students who are not collecting data at this field 
site consult with teaching staff about their projects. Students are 
trouble shooting and figuring things out.  

Lunch (12:30-1:30pm) 
2:00pm – 5:15pm  Field: Students continue setting up their independent projects and 

troubleshooting.  
Dinner (5:30-6:30pm) 
6:30pm – 8:30pm  Unstructured: Students are encouraged to prepare their oral 

presentations (23 slide proposals) which are due tomorrow.  
Evening Excursion: Trivia at a local bar in town.  

Day 11: July 14th  
Breakfast (7:00pm-8:00pm) 
8:15am – 8:30am  Lab: Students decide on field site and prepare, some students 

choose to stay at the centre for the day to work on lab IDs.  
9:00am – 
11:00am  

Field: Independent project data collection. Bugs are really bad. 
One student has mild panic attack due to the bugs and so we 
return to the centre.  

11:00am – 
12:00pm 

Classroom: Optional ImageJ tutorial. 7 students attend.  

Lunch (12:30-1:30pm) 
1:30pm – 5:00pm  Field: Independent project data collection at several different 

sites.  
Dinner (5:30-6:30pm) 
7:00pm – 9:00pm  Classroom: Students present brief oral presentations about their 

proposed independent project.  
Evening Unstructured: Some students do lab work until very late; students, 

teaching staff, and researchers socialize.  
Day 12: July 15th  
Breakfast (7:00pm-8:00pm) 
8:15am – 8:30am  Lab: Students prepare field kits and staff post a schedule of site 

visits for the next several days.  
9:00am – 
12:00pm  

Field: Independent project data collection at several different 
sites. 

Bagged lunch at the shoreline (12:00-12:30pm) 
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12:30pm – 
2:30pm  

Excursion: Students hike out into the intertidal zone to the site of 
an old shipwreck 

2:30pm – 5:00pm  Field: Independent project data collection at several different 
sites. 

Dinner (5:30-6:30pm) 
8:00pm – 9:00pm  Classroom: Experiential learning activity about tides. Discussion 

about effective scientific writing and tips/tricks.  
Evening Unstructured: Some lab work. Most students socializing and 

celebrating the TA’s birthday.  
Day 13: July 16th  
Breakfast (7:00pm-8:00pm) 
8:15am – 
12:00pm 

Field and Lab: Group splits up to work on independent projects. 
Either doing data collection in the field or lab work.  

Lunch (12:30-1:30pm) 
1:30pm – 4:30pm  Field and Lab: Group splits up to work on independent projects. 

Either doing data collection in the field or lab work. 
4:30pm – 5:30pm Lab: Students identify specimens or work on databasing.  
Dinner (5:30-6:30pm) 
6:30pm – 9:00pm  Lab: Students identify specimens, work on databasing and 

creating good excel sheets. 
Evening Unstructured: Students socialize and look for the northern lights.  

Day 14: July 17th  
Breakfast (7:00pm-8:00pm) 
8:15am – 9:00am  Lab: Identifications and databasing.  
9:00am – 
12:00pm 

Field and Lab: Group splits up to work on independent projects. 
Either doing data collection in the field or lab work. 

Lunch (12:30-1:30pm) 
2:00pm – 5:00pm  Field and Lab: Group splits up to work on independent projects. 

Either doing data collection in the field or lab work. Field group 
also goes hiking and swimming at the moraine.  

Dinner (5:30-6:30pm) 
7:00pm – 8:00pm Classroom: Reflective activity and revisiting the learning 

outcomes to discuss achievement.   
Evening Unstructured: Socializing and working on independent projects.  
Day 15: July 18th  
Breakfast (7:00pm-8:00pm) 
8:15am – 
12:00pm  

Lab clean up and packing.  

Lunch (12:30-1:30pm) 
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1:30pm – 4:00pm  Excursion: Explore downtown Churchill and buy souvenirs. Visit 
site of plane crash 

Dinner as a group at a local restaurant (5:00-6:30pm) 
7:00pm  Students are dropped off at the train station and airport to return 

home.  
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APPENDIX D: ALL MOTIVATION RESPONSES FROM SEMI-
STRUCTURED INTERVIEWS. 

“To Gain Hands-On Experience” 
AURE Courses 
S-115: 

5 Well it appealed to me because I wanted to do a masters in this field and I thought it was a good 
way to get prepared for that.  

6 S-138: 

It was actually my friend that convinced me. He was talking about wanting to do it a lot at the end of 
third year because it would look good on a resume for a masters or anything and I kind of just decided 
that I would rather have it and not end up wanting to do a masters than not have it and wanting to do a 
masters. You know? It seemed like a good thing to have and I needed the extra elective credits 
anyways.  

S-173: 

Well, in second and third year I had done a lot of volunteer work in research labs and stuff, so I had 

definitely fallen in love with the research aspect of science. I knew that I did want to do a masters, so in 

my mind, doing this course was going to be the best way to prepare me for my masters. Also, just to 

give me a little more of a sense of what it actually is to do research, right? Because before this... Well, I 

had taken a field course, which was like a two week research course, so that gave me a little bit. But 

this was a whole year worth of research and so it was a lot more comparable to a masters than 

anything else, in my opinion.  
S-225: 

I thought that doing an undergraduate thesis would give me a much better understanding of what the 
workload would be like when doing a thesis. And then, if I did move on to doing a masters, then I would 
understand what I need to do, what time frames to set out, just the general layout of how to conduct 
myself to do my best or be the most productive.  

 

FURE Courses 
S-044: 
Hands on experience. It's hands on experience in the field and I knew that you get a good about of 
education through class and lecture but you don't get actual field work experience-- Like actual, this is 
what your career could look like experience. And I really wanted that. I wanted to be able to have 
something that would actually be applicable to future careers and stuff like that. 
S-067: 

I'm interested in working outdoors more and I wanted to get experience with what I feel is more 
practically useful, I guess. Like learning the classes for like learning methods can only be so useful 
before you kind of need to get outside and actually do stuff. … I thought it would be useful for what I 
might want to do in the future and useful for figuring out if what I think I want to do, I actually want to 
do. 

S-098: 

Yeah, so I think that was the really cool part about it, I've always thought Marine Biology was cool, 
even though I'm in zoology. And I always thought it would be a cool, well-rounded thing, so that I could 
get the marine side on top of the zoology.  
S-102: 
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I wanted something that would give me experience in the field. Because I wasn’t sure if I wanted to 
start my masters. I wasn’t sure if I wanted to do research or if that was for me. So I thought it would 
give me good insight and little bit of a leg up to see what’s out there.  
S-152: 
Since I'm in Zoology, there's two options, either the field course or an independent project, so I wanted 
to do the field course because I thought it would be a good experience to get travelling wise. 
S-159: 
I already had experience with experiential learning, and I found that I really did well in those kinds of 
situations. So, I did a program called Students on Ice, and we got to do a lot of hands on work and I 
found that I was more engaged and more excited about the work. Normally in a classroom setting I find 
it harder to connect with profs, ask questions and I am more self-conscious. But in a smaller setting, I 
kind of am able to get over that a little more easily. So I wanted my first experience with Arctic Ecology 
to be a field one so that I could really get into it and really put my best foot forward. 
S-164: 

I felt like it was a great opportunity to get first-hand experience because every day you’re in classes 
and even labs are pre-prepared for you and it’s like you follow a recipe and I just feel like it is more 
realistic out in the field.  
S-201: 
I just thought it sounded really interesting to be able to go, and like, have the hands-on experience. 
S-219: 

I really wanted to know if I wanted to do my master's and find a job, or if I wanted to get a job right after 
completing undergrad. So, the purpose of going on these field courses is trying to figure out if I want to 
do research-- if I like being a researcher. So that's the main purpose. 

CURE courses 
S-102: 
I remember when reading the course description, it seemed very useful. Because it just basically 
teaches you how to do your own research, which is something that I already did on [a field course]. 
But, when I wrote my paper for [the field course], I felt under-prepared for the writing. I think that was 
messed up because of me, because I took a fourth year field course before I took my required [the field 
course] which was all about learning to write a paper. You know? So, I wasn't prepared enough for [the 
field course] and I realized that last semester. Yeah. So, [the CURE course] just looked like it was 
going to lay a good foundation 
S-116: 
It just sounded like a really nice course when I was reading the description. It sounded really fun. And 
I've never had like a 'field' course, so I was really excited about being able to go in the field and actually 
get some experience doing that because that is kind of what I want to get into.  
S-141: 
I liked the idea when I found out it was more of a field work course. You know, I actually got to do my 
own experiments and stuff. Like as much as I like doing experiments that professors tell you what to 
do, it was nice to pick everything yourself. 
S-178: 
I decided to enroll in it for a few reasons. I guess the first reason was that I had heard from other 
students in the Ecology program that it was an enjoyable and just basically a good experience. Like 
they spent a lot of time in the Arboretum doing hands-on work rather than textbook work. 
S-187: 
I read that it was an experiential learning course, right. So I saw that we would be doing more hands-on 
stuff. I wasn't sure what the hands-on stuff meant, but I knew there was more to science than just 
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theory. So a lot of the classes that I have right now are mostly just theory based. They give you 
information and you get tested on that information, but you don't really get tested on how to use that 
information. So, I thought that would be a good addition to my degree.  

 

“Course Topic” 

AURE Courses 

S-006: 

I've always loved wildlife and I have always been great at math. Throughout university I have always been 

thinking about how I can integrate these two. I would talk to people and everyone would say, 'statistics is always 

a part of ecology. You could do that! Future projections and yadiya'. But I don't know…. Courses would kind of 

briefly go over the connection and maybe have a sneak peak, but they wouldn't go into depth on how the two 

fields are integrated. It was always just one field or the other. I didn't know how they integrated together. Like, I 

even asked myself if I was in the right major. Should I be in a math major instead, or... I had no idea. I remember 

in third year I took a Zoology course where the prof mentioned that 'there are these thesis courses, that you could 

take in your fourth year. But you would need to find a prof to support you'. So, I knew about the thesis courses, 

but I honestly didn't think anything was going to happen with them…. Then, winter came, and I took [course 

code]. I remember that in the first class I saw [the PI] and he described himself, saying 'okay, so I'm a PhD in 

mathematics and I brought that over to Ecology', and my jaw just dropped. I was like, okay, maybe this guy can 

help me.  

FURE Courses 

7 S-098: 

8 I've always thought Marine Biology was cool, even though I'm in zoology. And I always thought it would be 

a cool, well-rounded thing, so that I could get the marine side on top of the zoology. 

S-159: 

9 Initially I was at McMaster University. I am transfer student. I was looking at trying to stay at McMaster, and 

one of the ways I was trying to do that was by doing field courses. I looked at the Ontario Field Course options 

and they had a bunch of really cool ones and I really wanted to do the Arctic Field Course. Then, more and more, 

I really can’t stay at McMaster. So, I decided to go transfer to the university that had that Arctic Field Course 

opportunity. So that's kind of how I got into the field course. I was just so interested in Arctic Ecology that I 

transferred to Guelph. I was like, if this University has Arctic Ecology as one of their field courses, then they 

probably have other opportunities in that field as well. And I really want to be an Arctic researcher. So that was a 

big draw.  

CURE course 

S-051:  

10 [I enrolled] mostly just out of interest. I didn't need it for my program --I'm in Marine and Freshwater 

biology. But I find Ecology really interesting. I just found it interesting. I had done the one before and I liked that 

one... so it was just the next step.  

S-141: 

I switched majors and it became one of the required courses. I actually kind of switched because of [the course]. I 

was debating about switching my major and then I saw this course and I thought that it seemed really interesting 

and it kind of swayed my decision about what I was going to switch to. CURE, S-141 

 

 

“A pre-existing relationship with the professor” 

AURE Courses 
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S-190:  

Then the other thing is that I feel like doing a research course, although it is a little outside my comfort zone, it's 

something that I won't be able to anywhere else outside of University, I would think. Or at least having that 

learning experience and having people understand that you are still new to research and they're actually very 

supportive. So that's why I chose to do the research course. I wanted to dip my feet in before I graduate and don't 

have the opportunity elsewhere. 

 

FURE Courses 

No comments from students enrolled in FURE courses were coded at this node.  

CURE courses 

No comments from students enrolled in CURE courses were coded at this node.  

 

“Course was a degree requirement or restricted elective” 

AURE Courses 

No comments from students enrolled in AURE courses were coded at this node.  

FURE Courses 

S-142:  

I only had one credit left that I needed, so I had to do either this or an individual research project with a professor. 

Because I only have one credit left, and I didn't really want to do the [AURE courses], so I looked into [the 

OUPFB field courses].  

CURE courses 

S-070: 

I took that class purely because I needed to for my ecology minor, umm that was honestly it. I didn't even read the 

class description, I just signed up because I was like I need this... which is sad. I would not [have taken it 

otherwise]. 

S-083: 

It was required for my ecology minor. I probably wouldn’t have taken it if I hadn’t had to.  

S-102: 

Well, aside from it being a required course for my program, I probably would have taken it anyway.  

S-132: 

So, for the ecology minor, it is a required course. [INTERVIEWER: Do you think you would have taken it 

regardless?] No.  

S-139: 

[This course] was part of my restricted electives for class. That being said, I was kind of juggling with not taking 

it because of the preceding course. And, yeah. I was thinking "Do I really want to take this?" because [the 

preceding course] was pretty awful. But then, once I got into it, it was fine. It was basically a restricted elective. 

So, I kind of took it because I had to.  

S-178 

I guess the other reason is that I kind of had to. It was a requirement for me because I am doing a minor in 

Ecology. So, it was definitely a requirement. On one hand, I wasn't really sure about [taking this course], but I did 

already take an experiential learning course with [another university], but it wasn't really compatible with my 

minor. So basically, I wound up taking [this course].  

S-198: 

It is required for my major, Wildlife Biology and Conservation.  

S-199: 
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I enrolled in it because I am in Wildlife Biology and Conservation, and it’s a required course. So, didn't really 

have a choice. [INTERVIEWER: Do you think you would enroll in it regardless or did you only do it because it 

was required?] I mean maybe if I was in a different program...like I didn't know about this course before I saw it 

on my required course list. When looking at the outline for the course and reading it, it sounded like it would be 

interesting, different from a lot of other courses. So I definitely might have considered it.  

 

 

“Novelty and/ or adventure” 

AURE Courses 

S-190:  

Then the other thing is that I feel like doing a research course, although it is a little outside my comfort zone, it's 

something that I won't be able to anywhere else outside of University, I would think. Or at least having that 

learning experience and having people understand that you are still new to research and they're actually very 

supportive. So that's why I chose to do the research course. I wanted to dip my feet in before I graduate and don't 

have the opportunity elsewhere. 

 

FURE Courses 

S-036: 

 I thought that it would be interesting to go on a bit of an adventure, while still getting a credit…. Going 

somewhere that I otherwise really wouldn't have the opportunity to go to and to explore as much as we did. I felt 

like Churchill was more of a niche place that I wouldn’t usually get to see as much as I did. I mean… I could go 

to New Brunswick or Algonquin and have the same opportunity to explore on my own, but Churchill was really 

different.  

S-067: 

So I thought a field course would be really exciting, like cool to go travel somewhere else because I haven't done 

that separately from my family a whole lot, so I thought that'd be fun.  

This one, I don't know, it just seemed interesting. Reading it, I was like, "ah, that sounds really fun; kayaking 

with belugas really caught my eye as well. I was ok, that's really cool." … So, I was like ok, I haven't been up 

north that much, so I think that'd be cool. The location seemed cool. How [the professor] had the writing the 

itinerary and like, here's is sort of what you can expect--blah, blah, blah. That seemed cool and exciting, some of 

the stuff that she mentioned, so I was like, ok, that seems cool that seems like something I would be interested in. 

S-098:  

To be honest, I've wanted to do this one since high school. I knew that Zoology was the program that I wanted to 

do and very few schools offered it. It was either Guelph or Laurentian in Sudbury. So, I spent like a lot of days 

just looking through the courses and the layout of everything. And at the bottom, in fourth year, it would have all 

of these different field course options and everything, and I looked through all of them and saw the marine one 

and was like ‘that's the one I want to do’…. I just thought it would be a really cool opportunity, something that 

you don't really get otherwise. Like I wouldn't have been able to come to New Brunswick [on my own] and do all 

of this cool, hands-on stuff.  

S-102:  

I thought it would be fun and a cool experience. I’ve always been interested in the Arctic. I know it’s just the sub 

Arctic, but still its better than nothing. Its pretty awesome that we got to go. I’ve never been up there… Like I’ve 

just never been that far North before. And I’ve known since I was in first year that I wanted to do it. Like as soon 

as I saw it, I was like “That’s something I could be interested in”.  
S-142:  

This one seemed like something that I wouldn't be able to do if it wasn't through the school. Like I might be able 

to, but I wouldn't have even known about it. Do you know what I mean? I wouldn't have known about this place 
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and I can always go to New Brunswick another time…. I was interested in going up north, like to the Arctic. And 

this was the closest I could get. 

 

 

S-201:  

A lot of the topics sounded really interesting, and we don’t have those specific courses where I am. And like, the 

opportunity to travel and go, that just sounds so cool to me. It just sounded so fun and it’s all topics I’m interested 

in. 

S-202: 

I had really wanted to do a semester abroad, but it was just going to be too complicated, having to transfer the 

credits back and everything and I just didn't want to have to deal with all that stress so I said 'oh I’ll do a field 

course instead, it's easier because it's with the university, but it's still a cool experience'. 

 

CURE courses 

No comments from students enrolled in CURE courses were coded at this node.  
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APPENDIX C: SEMI-STRUCTURED INTERVIEW QUESTIONS. 
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APPENDIX E: ALL BARRIER RESPONSES FROM SEMI-STRUCTURED 
INTERVIEWS.  

External Barriers 

“Finances” 

AUREs 

No comments from students enrolled in AUREs were coded at this node.  

FUREs 

S-044: 

It wasn't an issue persay, but it wasn't like something that I could just be like 'aw yeah, it's just $3000, 
no big deal'. I have to work two jobs. I do pay for over half of my schooling and it's financially stressful 
to go to school. This was something that I had to take time when I applied for it back in February I was 
like 'okay, I need to set aside this amount of money, I need to work this number of hours.' It was 
something I had to be prepared for because I knew it was an extra thing that I was doing on the side. 
So I had to put in a little bit more effort into planning the next couple of months. But I wanted to do it, so 
I made it work.  

I feel like, especially coming from my background... I don't want to say that I struggle or kind of thing, 
because I do have a fair amount of privilege... but I know that compared to my friends and the people I 
hang out with now and the people that I interact with that I am one of the least privileged people. I have 
to work really hard for the stuff I have, and it has always been that way. I don't have a problem at all. I 
believe that hard work makes you a better person. I feel like because I know that I am more of a 
middle-class in that sense, to make it more accessible to students that struggle even more than me, 
you'd have to consider lowering the prices a bit. I get the price has to be where it is because of all the 
amazing technology and facilities and equipment we used; I get that. But even a slight price decrease 
or maybe funding the flight or something would make it slightly more accessible to the people who just 
can't shell out that extra money on top of having to pay tuition, rent, food and all the other things that 
come with living far from home. We have to pay these things if we can't afford to stay at home with our 
parents. That would make it a little bit easier and would get more people involved.  

 

S-067:  

I read through all the descriptions and stuff. I eliminated out sort of immediately the ones that were very 
faraway places because they were expensive. I was like, ok, for like a first field course experience, I 
don't think I want to go like all-in, go to like Peru or something, like right off the bat. I was like ok, those 
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are expensive and I just this is kind of my first dipping my toe into fieldwork and stuff, I'm going to just 
not look at those.  

I mean the cost is something to consider. I think when I had decided, ok I want to do it, I want to do a 
field course, and I'll narrow down to close field courses that aren't as far away that will be not that 
costly, not as much and seems more of like a stepping-stone-- sort of like a safer option, I guess.  

 

S-098:  

There’s obviously the financial side of it, which was a big thing. It was a lot of money. Luckily, I have 
financial backing from my parents, but if I didn't it would have been a lot of extra hours to work to be 
able to pay for it. You do have to supply financially, like you can't just get on a plane for free and come 
and stay and eat here for free and everything. 

 

S-102:  

I wasn’t sure if I could afford it. Because I’m a student and I don’t have any money. But I got OSAP. I 
get OSAP because of my parents’ earnings obviously. And they’re not very high, so I got a lot of 
money. And it was enough for me to go on the field course. But I have also been saving my own 
money ever since I heard about what happened with the OSAP changes, because I was concerned 
that it would affect the money, I get this coming year and affect if I could go on a field course. So, I 
used my own money that I got from work that I’ve been saving up for.  

In terms of accessibility of the field course I know that a lot of the people who are on this field course 
are from.... basically, we all could afford it. We all had the means to afford it. I know people have 
struggled a little bit, but they figured it out. I think there's a lot of people who wrote it off because there 
was no way that they could afford it. I even have one friend who said that she wouldn't be able to afford 
it and so decided not to do a field course. And I think that's such a loss because it's such a good 
opportunity. 
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I think it should be mandatory. And maybe a little bit cheaper. I know it's not that expensive... The 
transport is pretty expensive, but I don't know. it feels like there is room for change.  

S-142: 

The money, it was expensive. You spend two months trying to save up a lot of money and then just 
spend that money on this.  

I worked really hard to get here. Like my parents didn't pay for it and I didn't get funding for it. Like I 
have to work for myself to get to come here. 

S-152:  

It was about the money, mostly, but this was the one I was most interested in because I was looking at 
the ones in Canada and like the Algonquin one there was like bugs and stuff and I don't really like 
bugs. This one was like marine and I did a lot of marine inverts and stuff, but it was mostly about the 
money. Like, the ones that I was looking at that were like in Mexico and stuff, they were like $5000 and 
I just don't have the money for that.  

I definitely think one of the major barriers is money. I definitely think that because I know a lot of my 
friends, they weren't willing to pay that much on top of tuition. 

It's still a lot of money and people do have to work. That's also was my issue. I was really worried about 
[missing work], but it was ok--worth it. I was like, "its only like a month's worth of money--it's fine. I 
worked three other months, it's fine. I can save."  

S-201:  

I guess people mentioned that this was one of the cheaper field courses, but it was still expensive. I 
think that’s the main thing, I think it’s expensive to get here and it’s expensive to be a part of [the field 
course].  

S-219:  

Well, the biggest barrier is the price. The money of both field courses was not cheap. 

And the money issue: I asked my boyfriend to lend me some money to go on the Marine Course 
because I only had money for Arctic Ecology prepared. So, it was actually $2000 that I borrowed from 
him. He is fully supporting me.  

CUREs 

No comments from students enrolled in CUREs were coded at this node.  
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Internal Barriers 

“Feeling underprepared” 

AUREs 

S-006:  

I had absolutely no idea how well I would do. I thought, will it just be another tough, hard course? I 
think there was definitely a lot of learning curves. Like how to develop myself in this path of study and 
learning.  

S-115: 

I was also a little worried about presenting my own research, that’s kind of scary thing to do for the first 
time. 

S-138: 

I was worried about having to conduct the experiment on my own. Which in fact ended up not being the 
case because I had a grad student around a lot around to help me. We kind of went through the whole 
journey together. In the summer when I was thinking about it and everything, my biggest worry was 
probably that I wouldn't be able to figure things out on my own or, if there were problems, being able to 
find the solutions. 

S-173: 

In the first semester, because the two courses are technically separated by semesters, so, in my first 
semester, my advisor only gave me a 75% for my research effort grade. When I asked him why, 
because all my peers were getting maybe 90s and higher, and I felt that I was putting in a lot of work, 
he still felt that I wasn't putting enough time in lab. So that upset me personally, because not only was I 
doing the research component of it, but because I was in the lab, I was also someone who needed to 
do feedings of fish and all the extra stuff that comes with lab work in general. I felt that that also takes a 
lot of time too and I was counting that time towards my thesis, and I guess he was more so expecting 
20 hours a week in the lab only, doing actual research. Not just the everything else component. So, 
that was kind of the main issue with me and the course.  

So, to achieve just a little bit of a higher grade, I had to put in a lot more work and time.  

It isn't really known how time consuming and how much work it really is. [The course] is extremely 
demanding and I don't really think that we were prepared for that. I feel like our undergraduate courses 
didn't prepare us for how time demanding, and independent conducting research is. You are by 
yourself all the time pretty much, especially in the lab. Whereas in my undergraduate courses a lot of 
lab work was teamwork and then we would have a lab manual that had every single direction of what to 
do and where to cut and everything. Whereas this course was not like that. Finding a way to let people 
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know beforehand that this course is extremely demanding in work and time, so you do have to be 
prepared. 

S-190:  

I'm not sure if it's a barrier, but more so my own insecurity. Like do I have high enough grades for this. I 
guess it was my first independent thing, so I was like, I actually have a huge responsibility in this class, 
so that was something that made me hesitant.  

But that was what I was concerned with. Like "oh, it's my first big independent project... will it be good 
enough". 

S-225: 

I was more-so worried about whether I would meet the expectations of whoever my advisor was. I 
would like to hope that I did. 

FUREs 

S-044: 

I honestly thought I would be pretty underprepared for this or under-qualified, because I am going into 
third year. I thought I would be very under qualified. The entire time leading up to the flight I was like 'I 
don't think I can do this. I don't think I’m ready for this'. Because I thought that I would just be behind 
everybody else the entire time. And then I got here, and it was challenging, for sure, but I didn't feel like 
I was unequipped or unprepared.  

S-098: 

I felt like… Because I'm a year behind, I don't have the courses that everybody else has and so I felt 
that sometimes I wasn't living up to what was expected of me, which was kind of hard to overcome. 
Like when I'd ask a question sometimes, I'd get an answer that was kind of like, you should know this, 
kind of thing, so that was hard sometimes, but overall, everyone was really great and helpful and 
awesome. 

S-102: 

I didn’t know what to expect at all, because its really hard for them—they don’t give you a schedule. I 
mean you hear from other people, but you never know what your own personal experience will be like. 

S-152:  

I was worried about doing well on my independent project.  

S-164:  
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In the beginning since everyone was from Guelph, it seemed like everyone already knew a lot coming 
in and I couldn’t even name all the parts of a flower. So that was kind of intimidating, I would say. 
Everyone has been very supportive and helpful so the whole nervous thing didn’t last very long. 

S-219:  

I didn't know that this course was competitive and many people from the Churchill field course also 
registered to do this course, but they said that they didn't get in. After hearing that, I kind of stressed 
about it, because it sounded like this course was even more competitive than Arctic Ecology and many 
students from last course who were super impressive didn't get into this course. They were all asking 
me how I got in and I was like 'oh, I don’t know”. It being so competitive made me a little bit nervous.  

Before I applied, I did not think about being an international student. I wanted to have the life of a 
Canadian student here and I wanted to keep that life in the field. Even though there are challenges like 
speaking and understanding some of the words, I don't think that can stop me from experiencing what I 
want to experience. Definitely there are some hard moments, but I choose to look at the positive points. 
I am happy to be here and I want to do what other Canadian students do. We, international students, 
tend to avoid what Canadian students do because we don't have the confidence. I really don't want to 
miss out on anything, so I try to do what Canadian students do.  

CUREs 

S-070:  

I am not an expert in this… like I am not an ecologist, you know? I am just an arts and science student 
who happens to be taking this course and I don't have as much experience with field work, so that was 
kind of a barrier for me in a sense. Because it was like ‘oh I am going to try this thing and it might really 
not work out and may really screw me up, but I am going to try it you know’. I understand the 
philosophy behind that but for somebody who is never ever going to be a field ecologist, I just want to 
know the basics, so I can communicate--because I want to do environmental communications. I picked 
my minor for a reason, but now I am forced to take this course that isn't in my field and I am not very 
experienced in, so like I really need support because it’s not my strength. It felt kind of like there wasn't 
as much support as there should have been. Sometimes there was and sometimes there wasn't. I don't 
want to make it sound like he wasn't a supportive professor; it was just like he really wanted us to take 
it on and go for it and I just didn't have it in me to just do that.  

S-083:  

There are no exams and I've never had a course that had zero exams and only had papers. I typically 
don't do as well on papers as I do on exams, so I was nervous about it. And I was right about being 
nervous. 

It was a bit confusing and scary because it felt like it was all over the place. That's just the nature of the 
course in a way.  
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S-102:  

Another barrier would probably be a background in ecology. If you didn't take ecology courses, 
because the name of the course is Lab and Field Studies in Ecology. Most people I think only took 
ecology in second year and then it's up to personal preference if you want to take more. But I don't 
know a lot of people who did. I think that that would be a barrier. Because a lot of people don't even 
understand what ecology is going into it.  

I think that they just maybe feel ill-prepared. But you really aren't. Like you would maybe be intimidated 
by it, but once you get into it, I think everyone actually did well.  

S-139: 

The fact that it was very hands-on and very different from any previous course where everything is 
theoretical and where you're just sitting in a room and analysing previously made data. That was kind 
of an experience. I don't think we actually had knowledge or ways to actually do that and we were just 
kind of thrown into it. That was nerve wracking at the beginning, being like ‘okay, now go and do this 
fieldwork’ and us responding like ‘okay... sure... hopefully it will work out in the four months that we 
have’. The time constraint was definitely a big thing that I was nervous about. And being able to finish a 
massive paper, worth 1-credit, in that time. That was a challenge.  

S-141:  

I looked at the course outline ahead of time and I saw that the weighting of the paper, which was like 
the entire course.  

“Intensity of workload” 

AUREs 

S-115: 

I was worried that it would be too much of a time commitment. Then halfway through [this course] I was 
like I am not putting enough of a time commitment into this, and I need to step it up. So, at the end of 
that semester it ended up being really intense, but I guess the workload was pretty much it. 

S-173:  

I think that initially the course syllabus said that a student would require a minimum of at least 20 hours 
a week, just for this course. And I was also taking all of my other courses on top of that. I wanted to 
graduate on time, so I was overloading both semesters. And then on top of that, my thesis. So, it was a 
huge issue with time. I was really nervous about if I could actually put 20 hours of work into this thesis 
and still manage my other courses. In the first semester-- because the two courses are technically 
separated by semesters-- so, in my first semester, my advisor only gave me a 75% for my research 
effort grade. When I asked him why, because all my peers were getting maybe 90s and higher, and I 
felt that I was putting in a lot of work, he still felt that I wasn't putting enough time in lab. So that upset 
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me personally, because not only was I doing the research component of it, but because I was in the 
lab, I was also someone who needed to do feedings of fish and all the extra stuff that comes with lab 
work in general. I felt that that also takes a lot of time too and I was counting that time towards my 
thesis, and I guess he was more so expecting 20 hours a week in the lab only, doing actual research. 
Not just the everything else component. So, that was kind of the main issue with me and the course.  

I was disappointed because, for example, I didn't get to go home over reading week. I think I went 
home maybe twice in the entire semester. I was there on weekends and stuff like that. I felt like, as a 
course, students shouldn't be asked to... Like reading week, and weekends... I felt like it had taken a lot 
away from me. It is extremely demanding, and I don't really think that we were prepared for that. I feel 
like our undergraduate courses didn't prepare us for how time demanding, and independent conducting 
research is. You are by yourself all the time pretty much, especially in the lab. Whereas in my 
undergraduate courses a lot of lab work was teamwork and then we would have a lab manual that had 
every single direction of what to do and where to cut and everything. Whereas this course was not like 
that. Finding a way to let people know beforehand that this course is extremely demanding in work and 
time, so you do have to be prepared. 

I feel like, I wish that I hadn't overloaded my semester. Or maybe, I feel like I would have gotten a 
whole different experience, had I not had a million other courses to think about too. I did have some 
friends who were taking only one or two other courses and so they had plenty of time to devote to their 
thesis. Whereas, I didn't have as much time. I think for future people, if they’re considering the thesis 
than I wouldn't take as many courses as I did at the same time.  

It was kind of upsetting, because I thought that courses like this one were meant to be taken while 
taking other courses and advisors knew this. It was upsetting to see that the advisors were expecting 
so much time and work for the course and just kind of not really caring that we also had other courses 
to think of. So, I feel like for a course to take as an undergrad and all the circumstances, I feel like a 
little bit of change is definitely needed. 

In both semesters I had four other courses, and this is a full credit course. So, I was at the top of the 
overload. Like, five courses in a semester is not an overload, but because it is a full credit course, I was 
taking 3 credits instead of 2.5. And the courses at the fourth year level were tougher too and did 
require a lot more work.  

I actually ended up having to drop my minor because of this course. I was minoring in French and so I 
had one course left to finish my minor, which I was planning on taking in winter. But then, I was having 
issues with my mental health in the fall and then realizing how much work the thesis course was, come 
the winter I knew that I wouldn't be able to try to finish my minor plus do well in my other courses. So, I 
made the decision to drop my minor. It was a tough decision, because I wanted to finish that minor and 
I only had one course left. It was very upsetting to think that for three years I had taken all these 
courses to get a minor... And then I still had to take a course to make up for the one I had dropped, but 
I just took a first year science elective, which was supposed to be an easy 90, instead of a fourth year 
French. I was trying to lighten my course load and make the thesis course a little easier on myself, but 
it didn't really work.  

S-225:  
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It was definitely a lot higher workload than any of the other courses that I have ever taken.  

FUREs 

S-142: 

I went through the syllabus and it said like twelve-hour days, and I was like I am such a tired person. 
That's a lot and I didn't know if I could do it. Because it just sounds like it’s going to be really intense.  

Coming into this, I almost didn't know if I could do it because it sounded so intense and I was just a 
little worried that even though I was just finishing fourth year, and this was a fourth year course, I just 
didn't know if it was something, I would be able to do. But everyone was so helpful, and that kind of 
support was so nice to have.   

S-159: 

I think I was a little bit nervous because the previous field course I went on was so intense and there 
wasn't even a research component to it. It was literally just us doing journals and a couple 
presentations. We just did so many things and it was so intense that I was just completely exhausted 
by the end. I was nervous for that aspect of it, because I know it just drains you entirely. But at the 
same time, this is something that I have been interested in for so long and I've been wanting to take 
this course for, like, years. So, I think that any trepidation that I had was completely outweighed by how 
excited I was. 

S-164: 

I know a lot of people at the end were saying they were struggling with getting all of their lab things 
done. Add a day extra on the personal projects, or even an extra microscope or two would have been 
helpful. 

CURE course 

S-102:  

I think that for this one, if it wasn't required, I don't think people would take it because it seems like a lot 
of work. That would be a barrier. Because it definitely was a lot of work. 

S-116: 

Well, considering it had three lab slots instead of a class and a lab which I'm used to. The idea of 
having three labs a week was kind of scaring me a bit.  

S-139: 
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The fact that it is a 1-credit course was also very daunting. It makes it seem like you have to put your 
all into it and just really go for it and do so much. But in reality, the course was very manageable. It felt 
like a .5 course. So, I think that would be a barrier if I were a different person and I was looking at this 
seeing 1 credit and thinking that that would be way too hard for me to actually handle. 

S-187:  

Sometimes the time constraint they put on us would be difficult. Because normally in research -- I'm not 
sure how long it would usually go for. But I am volunteering with another prof and his data collection 
goes on for months on end. But we had to collect data in, like, three weeks. So it's kind of, like, really 
intense.  

S-198:  

I guess that because it's a full credit class, because I have done classes like it as field courses, but 
they're a half credit. So, I was expecting it to be the same as those courses but more work, and I 
already found what I had to do for past field courses to be a lot of work.  

Compared to the field courses, there is still so much else going on in your lives. You're in multiple 
courses, or you're working or there's just so much on your plate at once. It's not as relaxing. But also, 
some people in the field course might have been stressed about the work that they had to do then too. 

“Social barriers and groupwork” 

AUREs 

No comments from students enrolled in AUREs were coded at this node.  

FUREs 

S-036: 

The social anxiety aspect of it. Like not knowing anyone else who had signed up. 

S-098: 

I'm also a homebody so I was a little nervous about being away from everything for two weeks. I've 
never had a roommate before.  

S-201:  
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I was a little bit nervous, just because I don’t know anyone in them. That was kind of something that I 
was like after I had already decided to go on one. That was what I was most nervous about. 

S-202: 

I was really nervous about what the groups were going to be like. Because a lot of times in university, 
you kind of get stuck with like a group where not everyone pulls their weight or anything. So I was 
really nervous about that. 

CUREs 

S-141: 

I also saw that it was group project based and that kind of made me nervous because you can get 
stuck with bad group members, then it can be really hard to do well in stuff like that. But then I was like, 
even in real life you're going to get stuck with people that don't always pull their weight, so it is kind of 
good to get experience with that.  

S-178:  

Group work is always daunting. But I think that was definitely a good outcome of the course in 
hindsight. Having worked with a group was definitely something I should have been doing and it's 
something that, in university, we don't do enough, I think. So that was a barrier, but it was a good 
barrier, I think. It ended up okay. 

S-199:  

Something I wasn't sure about when looking through the course and previous courses outlines is that it 
was a semester long research project and in a group. For me that’s a little iffy because I have had 
projects where people don’t contribute enough and that kind of sucks. So that was kind of a worrisome 
but other than that no. 
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APPENDIX F: ALL LEARNING RESPONSES FROM SEMI-
STRUCTURED INTERVIEWS.  

“Application” 

AUREs 

S-006: 

September was learning about the code. And they gave me code and I learned about 
it, read papers and built on what I wanted to do. 

S-115:  

It definitely helped me figure out how to manage my time better as a scientist, since 
it’s like a very short project you have to get something submit-able handed in. 

I really thought it was a really good experience in problem solving. Like I had a lot of 
little problems come up and it was good to get that figured out before I started grad 
school and before I go into higher levels of research. It was cool just kind of like 
knowing that sometimes things go wrong and that’s okay and you will find ways 
around it. That was very helpful, I think. 

It definitely promoted scientific inquiry. Like being able to ask questions that you can 
answer. I know that a lot of people in the course kind of struggled with that at the 
beginning. Then the amount of data analysis that I had to figure out how to do on my 
own was a lot. So, I took away a lot of new stats skills from doing this project. Also, it 
was the first big research project, that I had to hand in for a course I think -- like a fully 
written research document by myself-- so the scientific communication skills that we 
developed in that course, that was a big one. 

S-138:  

I learned a lot about editing and reviewing scientific papers-- that was something that 
we did a lot in lab meetings. [The PI] would give us a paper to look over and then we 
would review it as a group. I learned a lot about scientific writing that way. Same with 
presentation skills. Like, I did a rough presentation whenever I needed to, in front of 
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the lab and they all gave me very useful feedback, so I would say I learned a lot about 
all that.  

I would have to say that accepting failures and finding solutions are probably the 
biggest takeaways that I got. We had a lot of failures early on, but we were still able to 
work past it and get over it and figure out what the problems were and address them 
and eventually get things working properly. So, even though things don't work out 
right away, to keep on chugging along.  

S-173:  

Learning how to time manage and everything, was a huge learning curve as well, 
considering everything that I just said. But that will definitely help me in the future. So, 
I feel, in terms of experience and overall, how I feel about it, I think that the course 
gave me exactly what I was looking for.  

Definitely time management. I've mentioned that a few times.  

I guess just.... what's the word... not problem-solving necessarily. I guess being able 
to be creative. I don't know. I could sense that in the lab and throughout the course 
they are always trying to push you to figure things out on your own before and have 
those problem-solving skills. So I feel like that push definitely helped. I guess in a 
sense it is problem-solving or creativity.  

S-190:  

It was definitely interesting having to lead something for myself for the first time. Like 
a big thing too. So yeah, that was the fun part for me. Was trying to figure out how I 
manage myself.  

S-225: 

Every so often we would sit down and just talk about what the lab protocol is. Less so 
about testing me about whether I know what the steps are, and more so about making 
sure I know what each step meant. So, if we were getting to a DNA treatment, she 
might ask, 'what was the step before that? Why do we have to do that step before this 
step? What would it effect if we didn't do that step? What would the results look like if 
we missed this step?' And it definitely cleared up the overall picture for trying to 
understand what I was doing.  

I think one of the biggest things I learned was how to self-manage better. I feel like in 
other courses, like i've said before, there is usually a lot of last minute cramming. In 



 

 

 

174 

 

 

this one I would be planning my next two or three weeks out in advance and I could 
actually figure out how my project was going to go. I would provide myself with so 
much extra time so that if anything went wrong, I could actually spend that extra time 
that I had left to fix whatever mistakes were being made. 

I think, honestly, that it would be mostly related to self-management.  

FUREs 

S-044: 

I find I am the type of person who learns a lot through hands on, audio and visual and 
from classes on campus, you only get the audio and visual part of it. It's just read this, 
write this down, listen to what a prof says and just try to comb through and know basic 
information. But you don't actually get hands on experience and techniques in any 
form of field work in general. So like, how it's conducted, ways and methods-- it's just 
not really taught in class. This course really taught me that and I learned a lot through 
that, which I was really happy about, because I actually learned how to do things with 
my hands, what it looks like. Now I can take that knowledge and go to any other place 
and apply it, because I remember doing this or how this was done.  

Things go wrong. You have to learn to adapt. You have to be versatile and able to 
think on the fly.  

The experiential learning, the practical work, the actual learning of scientific methods 
and how it's conducted and how it's done rather than just text on a screen of this is 
what we know already. Because that's what a lot of classes do, they just tell us 'we 
know this, you should know this too'. Whereas this course is more like, 'we can do it 
this way or we can do it this way... Have you thought about this?'. It's much more 
open-ended, which is really cool. 

S-098:  

Rather than kind of just spitting facts at you, you just learn it by finding the animals 
and being curious about them. 

S-152: 

I didn't think it would be so hands-on with my ingenuity. And I thought that was really 
cool. Like I thought they would just give me like a tank and then I put my urchins in it. 
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Then they eat and then there's boring. But learning or like doing it myself, like building 
the tank, I thought was really interesting and I didn't think I'd get to be doing 
something like that, which is really nice. 

It's not just like boring looking at urchins eat some food. It's actually like getting to 
construct something that you had in your mind. It is really nice that it is creative. 

S-219:  

I used lots of techniques that I learned during last trip to label my samples for this trip. 
For example, how to label them. I labeled them IP for Indian Point and slash medium 
or high or low tide and slash the number of the sample. 

[The Churchill Professor] had taught us how to do Excel sheets properly. She was 
particular about the first columns and the row. It was very important about how you 
write the name down and how you organize the Excel sheet. 

[During the field course] we are always doing practical things and practicing our 
techniques and skills. Not only searching [for methods], but also doing [the methods] 
that we searched. 

I think that I will remember what I learned from this course in the future, like for at 
least 10 years. And all the muscle memory. I don't think I will ever forget how to 
dissect a barnacle.  

For this course, I kind of did ask other people what they are doing as projects. For 
example, [another student] was picking out parasites from fish and so I went to ask 
him what his project is and how he is preserving all of the parasites he collected from 
each fish sample. And basically, what he said, is he was just taking out the parasites 
and just putting them in tubes. But I don't think he labelled any of them and he didn't 
put any preserving substance in the tubes. So, I asked him a couple of questions 
about that and I hope that helped him. And when I asked him. He was like ‘oh, do I 
need to do that?’. It was just a question based on my past experience and if I hadn't 
done the Arctic Ecology course, I wouldn't have known.  

[Another lesson was to] use time accordingly. Like, we want to spend more time with 
each other especially during the last week of the field course, but there was work we 
needed to do that had to be done before the end of the field course. So there was that 
line. We had to think about the things we had to do before relaxing. Use our time and 
stay on schedule. 
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Write down everything that is happening during the day. Because last course was 
very fast paced every day and all the days mashed together by the end. And I didn't 
remember which day I did what. I had to flip through my field notebook to see what I 
did-- even three days ago. I think that writing things and feelings down at the end of 
everyday is a really good thing to do. Or simply writing down where you went and 
what you did. I think it is really good to keep a record. 

CUREs 

S-070: 

I just became the organizer.  I became the administrator, the facilitator. So, in that 
sense yes, it’s good to learn how to project manage. It’s also really important to learn 
how to delegate. So that was fun learned figuring out how to do that.  

Learning to say, okay, it’s not working out, so we’re going to have to come up with a 
different strategy. Like at the get go don’t be like “okay maybe technically if we do this 
day and this day”, just no, like no you don’t have to be the person that does that. 

 

S-083:  

I think I learned a bit more about how to write scientific papers. I am still not feeling 
super confident in that, because I got different feedback from every TA and prof. They 
did recommend a book that was really good for writing in biology. So, I am definitely 
going to use that for other things. I did get some kind of a foothold there.  

 

S-102: 

The best parts of it were going out into the field and being like ‘oh, this is how you use 
this kind of stuff... and this is how you make a nice field sheet’ and things like that. 
And then being in the field and being like ‘oh, this is a limitation to our study that we 
can write about later’. Things like that and writing that down. 

All of the significant learning that I got from this course was about writing. I think all of 
it was about how to write better and the textbook was really, really good. I know that I 
am going to use it in the future. It was just one of those really important textbooks. 



 

 

 

177 

 

 

And the feedback was really useful for cutting things out and to learn what is essential 
and not essential when you're writing a paper. 

Definitely stats too. Learning more about R is always useful. That was pretty good.  

I think that something really useful was learning how to write the results better. 
Because everyone always just throws the results on a page and is like 'it's fine'. But 
the order that you write it in actually matters and what is significant matters. Like the 
things you are reporting, your degrees of freedom or whatever. I remember [the 
professor] telling my group that we had written it wrong and that we needed to clarify 
certain statistics that we needed to report. And I didn't know that, so it was good to 
learn that. Definitely a lot of growth in our writing abilities.  

That was another thing that I forgot to say: learning how to write a peer review. That 
was really good. I just had to write a peer review for a course I'm taking now and they 
basically said "Three peer reviews! Due tomorrow!" And I was like "oh my god!" and 
he was like "They should take you an hour each." and I was like "Oh my god! I don't 
know how to do this!". But then I realized that I do know how to do this. I can just look 
at the ones I had to do in BIOL*3010 and the instructions. Like this semester's course, 
they gave us a quick how-to. But we really went into it in BIOL*3010. Like we really 
got into peer reviews. So that was good. I think that is something that a lot of people 
need to learn. 

 

S-132: 

As much as it sucked while doing it, I felt like it was the first time in a long time that I 
had actually been challenged to improve my writing skills. Although some 
components where they tried to get us to do better writing weren't super effective, I 
felt like at the end of the day, the feedback they provided us on completed 
assignments was like legitimately critical and helped us improve. So, I'm glad I took it 
and I do feel like I took those skills away from it, 

We learned little things like developing your entire methodology for collecting data 
and then making it so it's replicable every time you do it, having a specific pattern 
every time you collect data to promote consistency. So there were those more 
specific things 

Overall, it made me a better writer.  
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S-139:  

It was different because I actually learned, which is awful to say, but a lot of the 
courses are very much about memorizing something and then splurging it out on the 
exam. Whereas with this course, it was something that we might do in real life, and 
this was our opportunity to do it and learn from it. 

It's not just the learning about the science that I really appreciated, but also learning 
about the group work and the responsibility and even the little things that I didn't know 
I could do, like oral presentations. It was a big mix of everything, whereas in other 
courses, I find they just give you the topic, tell you to learn it and give you the exam. 
So, I think that was really cool about this course.  

The science communication was a big one and opening yourself up to different styles 
of it. 

 

S-141:  

They taught us a lot about writing styles and stuff and kind of going over the proper 
ways that we could conduct studies and also going over things like R. software really 
helped because I hadn't taken stats in over a year and I was completely in over of my 
head with that kind of stuff. So that was nice.  

I think it would be writing a proper research paper. Like going into it I kind of had an 
idea of it and then I saw everything that had to go into it and I was like, oh, I didn't 
know that any of this stuff needed to be included in here. 

Even already! We are doing stuff in our other courses and I'm getting really good 
grades on it because I know how to write now because we focused on it so much in 
[this course]. People come to me asking me questions, like ‘what did you do for this 
section?’ and stuff like that, which is always nice.  

 

S-178:  
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Honing in on a specific question, rather than trying to answer the millions of questions 
that we were curious about, so that we could actually put something into writing. That 
was a big milestone for my group, I guess, when we were able to do that.  

It's applied, I guess. Like, instead of learning about theories and stuff, we were 
applying the scientific method. So it was a cool twist on the learning. Like just learning 
how to write a methods section, how to write an introduction. Those were really cool 
skills. 

The statistics aspect was cool. I was taking a stats course during that semester too, 
so I feel like I really got to explore a lot of aspects of stats.  

I think I learned a tonne though. It was a really good positive experience. The group 
work, the application of statistical knowledge, the exposure to all this interesting 
literature and the hands-on aspect-- That's really where most of my learning 
happened.  

 

S-198: 

I also learned planning and stuff and trial and error. Get used to having to change 
your plan or revisit from a different angle. You may think that it is going to go one way, 
but when you actually get out and do some of it, you realize that you actually have to, 
like, add some of this or take away some of that. Don't be too inflexible.  

 

S-199: 

I definitely learned stuff that I will now be able to apply to other courses. 

In terms of the self-led aspect of it, and it being a very big research project… In the 
moment it was kind of annoying but now it’s like applicable to a lot of other stuff and I 
have learned how to properly write a methods section, results, introduction and all of 
that stuff. So, it is definitely helpful for a lot of other courses and very applicable to 
everything else… because in a lot of courses it isn’t necessarily you that is doing the 
research but you're writing up the report. Two of my other courses were doing that. So 
now I know how to do that-- especially for the stats. In [this course] they took you 
though the stats and what to do for it in R. Like, I took a stats course before that, but I 
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still didn’t really know how to do anything. But after doing the research project, it’s like 
okay, I know how to do these things.  

One significant takeaway would definitely be learning how to write a proper full report. 
And learning about hypotheses and predictions.  

In terms of field work—actually getting to do it—you realize a lot more of the problems 
that you might actually face if you wanted to go into research later. Like you try one 
method, and that doesn't work so you have to try something else and whatever. Like, 
you learn that it’s not just ‘this is what we’re testing, and this is how we do it, we do it 
and its done’. So that was definitely interesting and very useful. 

 

“Caring” 

AUREs 

S-006: 

I most certainly enjoyed seeing it, and how we can build theory because, what really 
interested me was that anything we see in nature, we can build a mathematical code 
around it and model it. We can model future projections. And I think that during this 
pandemic, what really has inspired me was that we are looking at theoretical models 
to try to predict our death rate. So for me, it was like 'oh my god, they're out there!'.  

 

[This course] was different was that I had my own motivation and drive pushing me 
and I feel like I did really well because I really loved this course. It wasn't just a course 
where the teacher tells you 'this is the material you need to learn, you have to study 
and do an exam'. I was motivated to find the answers by something internal, in me, 
instead of a teacher telling me. I wanted to find my results. So that really motivated 
me, and I guess maybe that's why I got a really good grade.  

I feel that this really helped me to find the field that I am interested in and kind of 
helped me realize that I really liked it. We were doing things that I really liked.  

I think that for me it was finding a field that integrates math and ecology in the way 
that I love. I want to use math to help the environment. I am using my mathematical 



 

 

 

181 

 

 

skills to understand models and numbers and I am using that to look at species 
competition in the face of climate change and I love that.  

 

S-225:  

It was sort of interesting; while I was conducting this project, whenever one of my 
other courses would mention steroids or neurogenic activity, my brain just lit up and I 
would be a lot more interested in whatever I was learning about than I was before. 
Like, I didn't think I would be that interested in studying the brain, but that's definitely 
not the case anymore. Yeah. It just opened my mind a lot more to a bunch of different 
related subjects.  

I definitely realized... Going from being in this thesis course and working non-stop on 
something, to going into COVID while not having the project, I think that was one of 
the bigger takeaways. How enormous... How meaningful a big project can be. It 
definitely made me more interested in conducting research, which I was interested in 
before, but I was also a lot more interested in animal care. But after the project, I 
realized that I was a lot more interested in research than I had thought before I was 
given the opportunity to learn about it.  

 

FUREs 

11 S-044: 

It's a much more interesting way to learn, because it makes you feel like you're a part 
of it rather than you're just being taught or told what is going on. In this course you 
feel like you're actively a part of that learning experience, which I think is really cool 
because it engages you a lot more. You feel like you have more of a reason to want 
to learn because you're like 'this is my thing, I'm doing this. I'm a part of this. I'm not 
just being told this fact by someone who studied it for 30 years, I'm actually figuring it 
out myself.' 

 

S-067:  
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This is actually if I, again if I like step back a bit, this is actually stuff that I enjoy doing.  

So, I think it's, I mean I don't know if I'll end up changing my mind later about what I 
want to do with my life, but I think it's clarified that I do like the work. So, it's helped 
clarify what research entails and that there are parts of it that I do like and there are 
parts of it that are frustrating.  

S-098:  

Research and all that kind of stuff was completely new to me and that was something 
that I was like maybe I want to do when I'm older… I have learned that it's not.  

Because now going forward I'm like, you know that big question of ‘what are you 
going to do after?’ it's like, ‘I have no freaking idea’ but I was trying to get experience 
in all of the different fields to like, figure out what I like and what I don't and this was 
definitely like a big step, because I liked the fieldwork, I liked the observing of the 
whales. Not just whale watching, but actually observing, because animal behaviour is 
something that I'm kind of interested in and like, it was cool to witness something like 
that upfront. So it definitely pushed me in a way. Research in the lab, not so much. I 
guess it gave me that real-world experience that I don't really know how I would've 
gotten that any other way. 

S-102:  

I think this has impacted my path. Because before I started this, I was pretty set on 
the fact that I wouldn't be cut out to do a masters. Like I wouldn't be cut out for 
research. But this has made me like it a lot more. Because, again, I didn't know what 
it was like. Even though I work in a lab... there I just sit and stare at a computer all day 
which I know a lot of lab work is like that, but I see one side of it and it was nice to see 
the other side of it because I had never had field experience before. 

S-142: 

I learned so much. Like I never really never looked into little things like bugs and 
plants, but I have a new appreciation for that. I never thought that I would, because I 
was just like ‘vertebrates all the way’. 

-159: 

Having the experience of really enjoying research and really loving to do the work, 
even when it's late and I know I should take a break... just liking my project and 
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wanting to keep working anyways. Yeah, it makes me think, okay, maybe I can do 
this. 

S-164: 

I didn’t think I would like plants as much for example, but, near the end, I was like ‘oh I 
want to key that one or I wonder what that one is’. It was really eye opening. 

[The course] made me more certain that I want to do something bio-stats related, 
because we did a lot of statistical testing and things like that and I really do enjoy it. 
Research maybe not so much… because I’m happy I got to do everything and 
experience a little of what it might be like, but it also made me realize that I probably 
don’t want to do something like that for the rest of my life. 

S-201:  

I think for me, this really helped me realize that though I really enjoyed it, but I don’t 
think I want to do research long-term. Like I don’t want to go so much towards that. I 
think that helped me see that this is really a good experience, and I really enjoyed it 
but I don’t want to do that for life. So that was really helpful. 

S-219: 

I found that doing a dissecting lab or doing a dissecting job in the future is something I 
would really enjoy.  

CUREs 

S-083: 

Some of the things that didn't have to do with how the class was run, but were 
actually like doing the research itself, I just really wasn't into it at all. So even the parts 
that should have been fun, weren't that fun for me. So that kind of indicated that that's 
not what I want to do in the future.  

S-102:  

I just remembered is that we had a guy who was a teacher from an indigenous 
community and he came to do a talk with us outside. It was so cool. He talked about 
the Arboretum and what it means to his people and what Guelph is doing regarding 
land acknowledgements. I forget. They are building something called a 
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Grandmother's House. It's really cool. It's a word that means Grandmother's House 
and they're building something there to acknowledge who this land really belongs to. 
So he came and talked to us. It was really good. I remember looking around and the 
entire class was white, like maybe two people of colour, so like no diversity.  

People were really paying attention to him and people were very touched by the 
opportunity to listen to him speak. So I think that really contributed to learning. So for 
people who are going to go do research in B.C or whatever... most of that land is 
Indigenous Land-- while all of Canada-- but that land is unceded, so it is really 
important to learn about the importance of including Indigenous people in research 
and understanding their role. 

S-139:  

Fieldwork is hard. Science communication is hard. But once you get through it all, it's 
all worthwhile and amazing stuff that you can use for the rest of your life basically, if 
you continue in science 

I am toying with the idea of doing a master’s in science communication after this 
course, because I do like that teaching side of things and communication and having 
the public see knowledge that the non-public has created.  

S-175:  

Surprisingly, I actually did really like it. Stats can be something that people try to 
avoid, I feel like, a lot of the time, but having to... Well, I don't know. 

S-198: 

It's almost got me into the idea of doing it again. It's just the whole process-- 
everything involved in the process of research is a bit much for me. But if I just had 
the opportunity to help someone out with some of their work as a research assistant 
or something, that's a lot more chill. But being in charge of your own research is a 
little intimidating to me still.   
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“Foundational Knowledge” 

AUREs 

S-115: 

Then I guess designing an actual experiment that you can do stats on and justify to a 
group of people in a presentation and write a proposal for it and everything… Like it’s 
a lot of planning and I think this course made everyone realize that. 

S-190: 

One big thing was getting to know what it's like in academia. Like what it would look 
like for me to get into that. Like what academia is like. Whereas with courses, it's like, 
you do this, you do that-- it's very linear. Yeah. My family is all business or IT or 
whatever, so it was nice to have someone to tell me what academia is actually like.  

S-225: 

I definitely learned a lot more about reaction pathways in the brain, with the effects of 
steroids. 

And it would be ranging from gonadal effects to brain effects, changing from one type 
of steroid to another through a metabolic pathway, wastewater effluence and how 
those treatment plants are being changed to try and reduce it, how high these 
concentrations of steroids can build up to. It was just a lot of stuff I didn't think I would 
be learning about.  

FUREs 

S-036: 

I have a very clear path as to what I want to do. It doesn’t necessarily impact how I’m 
going to go about my studies going forward. If anything maybe it gives me a bit more 
of a perspective as to how reaching out or finding projects outside of Ontario in terms 
of Vet-Med. Just because I want to get into the Ontario Veterinary College. Like 
seeing the guide dogs and knowing that the vet only comes up here once a month is 
really interesting and it seems like maybe I could reach out to them to connect.  
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S-044: 

To me it showed me that in class environments, everything is pretty and everything 
works and everything is perfect. In real science, it doesn't work that way. It's messy. 
Things go wrong. You have to learn to adapt. You have to be versatile and able to 
think on the fly. It's those things that I think are really valuable to have learned from 
this course. And I would never have gotten it in any other class.  

S-067: 

I think I have a lot better of a sense about what it will entail to pursue a research path 
in biology or sort in sciences, in general. 

What has probably changed how I'm going to go, I might go about doing the things, is 
hearing from all the other people in the class, what the sort of stuff they're doing and 
how they approach, maybe approach professors to ask to like volunteer or how the 
different opportunities that they've been a part of because then I'm like, "ok that's 
added to the list of things to sort of look into or things that might be a good thing to try 
out or to see if that's something, I can do too. If it's something that's, that I think is 
interesting. So, I think the, yeah, yeah, hearing from other people in the class has 
been the most influential, I think in how I'll go about making decisions, like career-
building decisions in the future.  

S-102: 

Talking to [the TA] about doing a masters was so important for me because I only 
know one other person who is doing her masters and she is not very happy. So it's 
nice to talk to multiple people to get a real idea of what it's like. 

S-142: 

One really cool thing that I never expected to get from this course was the night that w 
talked about grad school and stuff. I feel like coming to the end of fourth year, me and 
every single person that I know has no idea what they're really doing. Unless they had 
an older sibling or like a mentor or whatever... you don't know what to do next unless 
you have someone telling you what your options are. I just feel like I got a little behind 
because this is my last credit and I don't know my next move… but having them kind 
of go over the options for grad school and masters... like them just sharing their 
journey was really inspiring and it just put everything into perspective. Like it's not 
easy. It's a long process and there is a lot involved but they kind of show you what it 
takes and, if you're up to it, how to get there. I felt that was very valuable.  
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S-152: 

Just learning about research and how it actually goes because I know a lot of 
students don't get to experience that unless they're working in labs and stuff with the 
profs. 

I think I've changed how I look at research because I definitely didn't know specifically 
how it was going, and like I came to this course wanting to see how research—how 
they actually did research.  

S-202: 

I really liked the idea that we got to do our own research project. Especially seeing as 
I want to do a masters after. It kind of gives you a little insight into how to go through 
planning and thinking about everything and seeing everything that is involved.  

S-219: 

I learned a lot of species names for the marine animals. 

[The prof] kind of inspired me. She gave me advice. She said that if you are thinking 
about doing a masters, then maybe you should think about doing an undergraduate 
research project with a professor that you want to work with. Then you get to know 
the professor better and you learn how a masters works and the process of working in 
a lab. She said that might be a good thing to learn for the future and that's why I 
asked [another professor to supervise an AURE].  

[The prof] showed me a website of all the profs, so that I could read about their 
research and what they are doing on the school website. I didn't know that that 
existed before. So that was helpful.  

[The prof] also gave me advice, that since I had been working with [another professor] 
for a year volunteering, you know feeding the fish and whatever. I told [the professor] 
about that and he said maybe you want to ask her if she has any opportunities for you 
to work in her lab for an undergraduate research project.  

CUREs 

S-102: 
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I actually have a very close friend in my group who didn't do a field course but is in the 
same year as me. Like we both switched from zoology to wildlife at the same time. 
She really, really, really enjoyed this class. I will try to get her to come talk to you 
because she really liked it. I know that she really benefited from going out and doing 
the research and learning how to use the stuff. Like she didn't know what DVH tape 
was or anything like that.  

I remember one day it was really muddy and we had to walk through a stream 
because we had to collect data over there and she was like "What the heck, we 
actually have to cross this stream?" and I was like "you've got to be prepared for 
anything! That's what field work is." and that was such a good thing to learn. Even the 
professors said that you have to be prepared for rain or bad weather. Like you need 
to go out and do this.  

S-116: 

I know a lot about lichen now. 

I think that the editing process was the best. Because I want to go into research and I 
want to get my masters, so having that understanding of how that process works is a 
really cool thing to have for me. Just because it's very similar to how you would write 
a paper when you're in your masters or whatever. So since I want to go into that, 
having that experience was a really cool thing to have.  

S-139: 

There was one week where it was just downpouring all week, and we were just like 
‘we have to do this!’. So, we went out. We went to go collect our arthropod traps and 
there was absolutely nothing in them because the cups had filled up with water and 
they had like spewed all the insects out. So, we were like ‘oh. Okay. So, we have no 
data for this week.’ But that was just a funny way of figuring out that science sucks 
sometimes. We just started again the next week.  

S-141: 

Learning how much time and effort it takes to write one of those papers... Making sure 
you include everything and just how scrutinous it can be getting things like that 
published and how many requirements there are for that sort of thing.  

S-178: 
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Honestly, being close to all this literature that's just for ecology, I learned a lot.  

S-199: 

Like you learn about those in other classes, but you never go through the full process 
of coming up with something and then testing it… and the whole process... That was 
pretty cool and interesting and definitely something I will keep with me throughout 
education and life.  

In terms of field work—actually getting to do it—you realize a lot more of the problems 
that you might actually face if you wanted to go into research later. Like you try one 
method, and that doesn't work so you have to try something else and whatever. Like, 
you learn that it’s not just ‘this is what we’re testing, and this is how we do it, we do it 
and its done’. So that was definitely interesting and very useful. 

 

“Human Dimension” 

AUREs 

S-006:  

I've discovered that I am not great at writing. I'll delay and then I'll finally get it. So, 
that was the thing. And my advisor was like, 'okay'. I wrote my proposal, and I was 
actually surprised by how well I did. But the people in my lab were basically saying, 
'we know what you mean, but...' One of the things I really struggled with was 
language. Like, I needed to be more direct, and I was using grammar improperly. And 
still! I am getting more refined, but I still use words and then someone will stop me 
and say, 'hey'. So apparently, I am getting better.  

I learned that if I have questions or am confused, always ask, because your advisor is 
always there willing to help you. They won't look at you and say 'oh jeez, why are you 
bugging me so much?' They want to help you and they want to see you achieve 
success and reach your goals. So if you have questions, ask away. For example, we 
had a meeting yesterday and I said that I want to take my work to a few potential 
journals and he was like 'This is a great achievement, I am so proud of you, because 
now you are taking hold of your own research.' And I was like, 'okay!'.  
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I think that for me it was finding a field that integrates math and ecology in the way 
that I love. I want to use math to help the environment. I am using my mathematical 
skills to understand models and numbers and I am using that to look at species 
competition in the face of climate change and I love that.  

S-138: 

I think it made me a lot more comfortable in taking the step of looking. It made me 
more confident in myself that I would be able to actually successfully do a masters if I 
wanted to. And then I started looking into it and all.  

S-173: 

One thing that was a learning thing for me, was that initially at the beginning of my 
thesis, my advisor told me that he felt that I wasn't communicative enough. I wasn't 
keeping him in the loop as often as I should have been. So that sense that you should 
always be talking to your advisor and that you should always be letting them know 
what's up, is extremely different than a prof, where you never really have to talk to 
them unless you are looking for extra help. So that was definitely new for me. I think 
that building that communication line was super new to me.  

This is kind of a tricky subject as well, because I think that advisors should kind of 
know what is happening in your life-- if something big were to interrupt it. Because, in 
the fall, something had perturbed me and I had to let my advisor know, but I didn't 
want to tell him initially, because, for one, I had never really told profs when things 
had happened. So, I was having mental health problems and they were getting in the 
way of my research. But I didn't tell my advisor. And then in second semester, looking 
back, I felt like I should have told him, because it was an explanatory variable as to 
why my performance was the way it was. So that was a huge learning curve for me as 
well. Now I am aware that if something drastic occurs, it's not even just about the 
research it's also just about the communication of 'hey, something is going on in my 
life. I need a little bit of extra time.' or something like that. And again, that's different 
than what you would tell a prof, because normally a course prof will just be like 'I don't 
really care what's happening. Just get your shit done.' Yeah.  

Communication. I've always felt that I had good communication, but clearly, even if 
you think you have good communication, it still needs work. So yeah. Communication, 

S-190: 

I had to coordinate a lot of things. For example, having meetings with [the PI] every 
week or asking a TA for help or something like that. Like asking people for their own 
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opinions, not even about the course but like for some other opinion that you think that 
are knowledgeable about. So just meeting people and getting their expert advice and 
learning to put it all together was really cool. I guess it makes sense. It was very 
integrative. 

I didn't realize that although it was an independent project, like being able to talk with 
people and collaborate was still just as important. Because I thought that I had to 
think of everything by myself. That was the one big thing that I was nervous about 
because it was independent. And I was like, independent means by yourself, right? 
But you had people helping you and I learned to reach out to experts to get help and 
that people are happy to do that. To me that was the biggest takeaway. Some other 
things that I learned is that, at least in [the PIs] lab, it is okay to make a lot of mistakes 
because that is the best way for me to learn.  

I feel like with the research experience I've had, it made it easier for me to approach 
people on my team now, compared to before. Because I know before that I was much 
more shy when it comes to new working environments. But I don't know if I'm just 
more comfortable and I know that it's okay for me to ask questions. Like, in my head I 
am now always thinking about the people I need to reach out to to get help, and it's 
nice because the work is a very student friendly environment. So, the people 
component of my research was very useful, especially for this job.  

S-225 

Whenever I did have the opportunity to talk to them about it, it just made things a lot 
more clear. It made it more interesting, because -- although we were friends -- it felt 
like there was a whole other level that we could talk about now. Because most of the 
time people don't talk about academics, but I do like talking about academics. It just... 
yeah. It was enjoyable to have something academically competitive to work on with 
friends.  

Especially when it was getting towards the presentation times. When we were first 
finalizing our thesis posters, we would sit down and do practice runs of our 
presentations with each other. We would be asking each other questions and 
although most of the questions were ones that I had already answers to, others gave 
me questions that I would then take to the lab the next day and try and figure out what 
the answer to that was through literature or whether it was something I could figure 
out in lab.  
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FUREs 

S-102: 

It made me think, maybe I could do research, maybe this is something that could work 
for me.  

S-142: 

I feel like I came to the end of fourth year very high on my horse. Like I’m almost done 
my undergrad, I’m so cool. But then I got here, and I realized that I didn’t really know 
what I was doing still. Like, at all. I didn’t know about future schooling. I didn’t know 
how to apply anything. Like I’ve learned it. I have the theoretical background, but I 
was kind of lacking that practical.  

But just stuff like that. Like everyone here really wants you and whoever is here to 
succeed. They just want to share how to get into things like this and get you excited 
about whatever they’re doing. Because that's how we move forward. 

S-152: 

I think I actually enjoy it more than I thought I would because I'm a very independent 
person. Like, if I could do something by myself, in comparison to a group, I would do it 
by myself. And I found that really important in learning in myself--learning about 
myself--yeah. So that was a good takeaway, that I actually enjoy research.  

S-159: 

I already kind of had the idea that I wanted to go into research. This maybe solidifies it 
a little bit more. Its kind of makes that idea a little more tangible. Because before, I 
hadn't done any of my own research in the same way. It's always been more 
theoretical and there is always that sort of nervousness that comes with doing your 
own thing for the first time. Having the experience of really enjoying research and 
really loving to do the work, even when it's late and I know I should take a break... just 
liking my project and wanting to keep working anyways. Yeah, it makes me think, 
okay, maybe I can do this. Maybe I can do this in the future and it's not as crazy of an 
idea as I thought it was. It's a nice baby step towards making a career in research 
more of a reality.  

S-164: 
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I feel like the skills we accumulated were gradual, but like that feeling of ‘oh I’m 
actually competent enough doing everything’ all hit at once and it didn’t feel as difficult 
or foreign anymore. 

I guess it also has made me a bit braver, I guess. Like trying new things, regardless if 
I know the outcome or not.  

S-202: 

We should never be afraid to ask someone a question or talk to them because all the 
profs and TAs were where we are now at some point. Like I am always so scared to 
ask a prof something because I don't want them to think it's a stupid question or think 
that I'm stupid or anything. But getting to really know them it just really confirmed to 
me that they were once where I am, so it's really no big deal. And once you get to 
know them better, it just feels like less of a big deal to talk to them 

S-219: 

I would say that I have gained a lot of confidence this summer, since before I went on 
the Arctic Ecology course. 

I think I not only learned more about the course content but I also learned more about 
myself and what I want to do in the future.  

The researcher life involves lots of group work. 

It's terrifying, but I think I can do it. It seems that I have gotten positive feedback I 
have heard from all of the instructors. 

I tend to help people in group projects. I have several takeaways actually.  

Always provide help but ask before helping others. This is something that is very 
different across different cultures. When I was back home, I helped people without 
asking. But now, I feel like I have to respect what they want and what they don't want 
and give them a chance to do certain things by themselves if they want to. I should 
leave them space.  

I guess I learned to ask lots of questions. The worst thing you could hear is a 'no' I 
think, if you are asking for a favour or an acceptance or anything. The worst thing is if 
they are just not receptive and that's it, right? So, asking questions.  
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So, I guess now I know I don't need to be afraid to take things on. I definitely know 
more about myself now. 

 

CUREs 

S-051: 

I personally learned was a lot more about working in a group and organizing 
everything together. Because I already had an idea on how to write a method and 
how to do all that, but then actually doing that in a group while we were trying to figure 
out everything on our own, that was a really nice learning experience. That was 
mostly what I took away from this course: essentially how to do groupwork and to mix 
all of our backgrounds together.  

I met my group [in a previous CURE course] and we stumbled through our project. 
But then for this one, I was in the same group, so I already knew the people a bit, so it 
was a lot easier to get into the flow of things. So, I thought that there was a part two to 
the first course was really helpful for getting better at group work. I know that group 
work can be bad when it’s just random groups, but it worked for me because I had 
learned to work with these people through two courses.  

S-070: 

The stakes are so high that learning how to cope with groupwork becomes a big deal 
and I think that it adds a lot of stress. But group work teaches delegating, taking 
ownership, like time management except you don’t really have control over it. Setting 
your own limits is a big deal. Meeting like 4 days a week for 2 hours straight is just 
ridiculous, so we end up thinking about how we can cut it down or can we reduce our 
meetings, or that kind of thing. I think yeah... setting limitations.  

S-132: 

It made me accept the issues that will come up in group work.  

S-139: 



 

 

 

195 

 

 

I really liked that it was not just: everybody has to do their own paper based on their 
findings-- it was actually that we were doing this paper as a team. Which I think really 
reflects what real life is going to be like. 

You got to learn about everybody's learning styles and how to work together and how 
to get together when it's crunch time. It was interesting to see other groups progress 
as well, because you could see how far along all the groups were and compare. But it 
didn't really matter in the end, how far along people were, because in the end you 
would all finish it. It was just interesting to see that. It was tough at times, obviously, 
when ideas conflict. But that's the whole point of group work is to kind of push past 
those and find a common goal and theme in your work.  

It's not just the learning about the science that I really appreciated, but also learning 
about the group work and the responsibility and even the little things that I didn't know 
I could do, like oral presentations. It was a big mix of everything, whereas in other 
courses, I find they just give you the topic, tell you to learn it and give you the exam. 
So, I think that was really cool about this course.  

S-141: 

But then I was like, even in real life you're going to get stuck with people that don't 
always pull their weight, so it is kind of good to get experience with that.  

S-178: 

Learning how to do group work for sure. I know that's part of most research studies. 
Like I don't really know how it works, but I know that there are multiple authors on 
most research studies. So learning how that could play out in the future if I ever did 
research.  

I think I learned a ton though. It was a really good positive experience. The group 
work, the application of statistical knowledge, the exposure to all this interesting 
literature and the hands-on aspect-- That's really where most of my learning 
happened.  

S-198:  

It's definitely worth doing with all kinds of different people, because you never know 
what kinds of people you are going to have to work with in your career. 

I think if people are going to do a course like this, they should try to also do a field 
course so that they can see how they are the same and different. Because some 
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people might decide that they would rather work in a lab and do more work with data 
and others might really be a field person. It might help the decide what kind of path 
they want to take with research. The more experiences you can have, the better of an 
idea you will have.  

 

“Integration” 

AUREs 

S-006: 

I most certainly enjoyed seeing it, and how we can build theory because, what really 
interested me was that anything we see in nature, we can build a mathematical code 
around it and model it. We can model future projections. And I think that during this 
pandemic, what really has inspired me was that we are looking at theoretical models 
to try to predict our death rate. So for me, it was like 'oh my god, they're out there!'.  

S-190: 

I had to coordinate a lot of things. For example, having meetings with [the PI] every 
week or asking a TA for help or something like that. Like asking people for their own 
opinions, not even about the course but like for some other opinion that you think that 
are knowledgeable about. So just meeting people and getting their expert advice and 
learning to put it all together was really cool. I guess it makes sense. It was very 
integrative. 

Doing research isn't just solely focused on one course-- it really is about integrating all 
of them together. Although [the PI] does genetics research, there was a lot from 
limnology and GIS and even ecology that I had to know. And so, it's not so linear like I 
thought. It was really integrative. It was really cool having to put it all together 
because I was suddenly seeing how all these courses fit together in a real world 
project. Just making the connections... it was like, I didn't know that....  

S-225: 

And it would be ranging from gonadal effects to brain effects, changing from one type 
of steroid to another through a metabolic pathway, wastewater effluence and how 
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those treatment plants are being changed to try and reduce it, how high these 
concentrations of steroids can build up to. It was just a lot of stuff I didn't think I would 
be learning about.  

FUREs 

S-152:  

I'm a very hands-on learner and I know I've done like invert zoology with dissections 
and stuff, but it was nice working with the live animals for a change and just seeing 
where their habitat is, instead of just cutting them open. I mean that was really helpful 
to learn physiology and stuff but it was really cool to just see the big picture instead of 
one individual species and one individual thing.  

S-202: 

I think it was really interesting, especially for me, coming from the Caribbean and then 
going to this side of the Atlantic, and seeing the tides and... it's just a completely 
different environment, with cold water and everything... so that was really cool. 

CUREs 

S-102:  

People were really paying attention to [an Indigenous guest speaker] and people were 
very touched by the opportunity to listen to him speak. So, I think that really 
contributed to learning. So, for people who are going to go do research in B.C or 
whatever... most of that land is Indigenous Land-- while all of Canada-- but that land 
is unceded, so it is really important to learn about the importance of including 
Indigenous people in research and understanding their role. 

S-187: 

I definitely did learn something. I learned how to combine different aspects, different 
information from all these courses into real world learning.  

So, learning-wise, I would say that they were sort of teaching us how to make it 
presentable. Because, everything they were talking about in the course, we had 
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already been taught in other courses. So they were just trying to teach us how to tie it 
all together and to make it into something that was actually usable and incorporate it 
with all the other information that we already did have.  

It was about how to properly lay out a research paper and how to go about presenting 
to people or collecting data, doing all that stuff. And then how to integrate that stuff 
into the actual research paper itself and make it presentable.  

 

“Learning how to learn” 

AUREs 

S-006: 

[This course] was different was that I had my own motivation and drive pushing me 
and I feel like I did really well because I really loved this course. It wasn't just a course 
where the teacher tells you 'this is the material you need to learn, you have to study 
and do an exam'. I was motivated to find the answers by something internal, in me, 
instead of a teacher telling me. I wanted to find my results. So that really motivated 
me, and I guess maybe that's why I got a really good grade.  

I learned that I need to enhance my writing, because I learned that I leave writing to 
the last minute and then I really stress over it. I do a decent job, but I could do better. 

S-115: 

I would also say that having a weekly meeting set up with my PI was super helpful as 
well, because it helped me to stay accountable to what I said I would do that week 
and what I actually got done. The course required an updated spreadsheet which was 
helpful. It was like an activity log and I thought it was worthwhile to go through and 
reflect on what my goals were and whether or not I accomplished them each week or 
semester. That sort of thing was very useful. 

S-173: 

I think that advisors should kind of know what is happening in your life-- if something 
big were to interrupt it. Because, in the fall, something had perturbed me and I had to 
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let my advisor know, but I didn't want to tell him initially, because, for one, I had never 
really told profs when things had happened. So, I was having mental health problems 
and they were getting in the way of my research. But I didn't tell my advisor. And then 
in second semester, looking back, I felt like I should have told him, because it was an 
explanatory variable as to why my performance was the way it was. So that was a 
huge learning curve for me as well. Now I am aware that if something drastic occurs, 
it's not even just about the research it's also just about the communication of 'hey, 
something is going on in my life. I need a little bit of extra time.' or something like that. 
And again, that's different than what you would tell a prof, because normally a course 
prof will just be like 'I don't really care what's happening. Just get your shit done.' 

S-190: 

I didn't realize that although it was an independent project, like being able to talk with 
people and collaborate was still just as important. Because I thought that I had to 
think of everything by myself. That was the one big thing that I was nervous about 
because it was independent. And I was like, independent means by yourself, right? 
But you had people helping you and I learned to reach out to experts to get help and 
that people are happy to do that. To me that was the biggest takeaway. Some other 
things that I learned is that, at least in [the PIs] lab, it is okay to make a lot of mistakes 
because that is the best way for me to learn.  

 

FUREs 

S-044: 

I find I am the type of person who learns a lot through hands on, audio and visual and 
from classes on campus, you only get the audio and visual part of it. It's just read this, 
write this down, listen to what a prof says and just try to comb through and know basic 
information. But you don't actually get hands on experience and techniques in any 
form of field work in general.  

It's a much more interesting way to learn, because it makes you feel like you're a part 
of it rather than you're just being taught or told what is going on. In this course you 
feel like you're actively a part of that learning experience, which I think is really cool 
because it engages you a lot more. You feel like you have more of a reason to want 
to learn because you're like 'this is my thing, i'm doing this. I'm a part of this. I'm not 
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just being told this fact by someone who studied it for 30 years, I'm actually figuring it 
out myself.' 

S-142: 

I feel like I came to the end of fourth year very high on my horse. Like I’m almost done 
my undergrad, I’m so cool. But then I got here, and I realized that I didn’t really know 
what I was doing still. Like, at all. I didn’t know about future schooling. I didn’t know 
how to apply anything. Like I’ve learned it. I have the theoretical background, but I 
was kind of lacking that practical.  

S-219: 

I had the chance to dissect lots of barnacles and basically, I learned from websites. I 
searched online how to dissect them and there was no guidance. For example, in a 
lab, the instructor would have known how to dissect them, so I would ask her 
questions instead of searching online. But for this experience, I had no one to ask, so 
I had to read and search online and try to figure out what I was looking at and what I 
was trying to find. So that was a real learning experience for me, and I really enjoyed 
that. 

 

CUREs 

S-070:  

The stakes are so high that learning how to cope with groupwork becomes a big deal 
and I think that it adds a lot of stress. But group work teaches delegating, taking 
ownership, like time management except you don’t really have control over it…  
Setting your own limits is a big deal. So meeting like 4 days a week for 2 hours 
straight is just ridiculous… so we end up thinking about how can we cut it down or can 
we reduce our meetings, or that kind of thing I think yeah... setting limitations.  

Honestly, I think that setting reasonable limits was my biggest takeaway. Like don’t be 
too ambitious in the planning stage. Understand what portion of your life this course is 
supposed to take up, don’t throw yourself so far in to accommodate other things and 
other people when that’s taking too much of your energy. 
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I think setting a template for organization ahead of time was a good learning outcome. 
Like for me, I knew how I filled out my journal. But my group members were basically 
relying off of my journal to fill out theirs. I knew that every day I was going to write 
down what the heck we were doing.  

S-083: 

I think I learned-- which is good-- that as things move away from exams and into 
papers and people's opinions, that it's not always going to be as easy as you think it 
will be. And input might not equal output. Like sometimes you put a lot in and it 
doesn't come out very well. Or maybe you barely try, but things just work out. So it 
doesn't always work in a linear way like exams do. So that probably applies to a 
career in the future.  

S-102: 

I remember talking to friends about it, saying "I don't want to take this course, 
because I already know how to write a paper and I don't need to do this." But then, I 
realized after I wrote the paper and finished everything, I was like "ahh, actually this 
was really fun and useful and I'm glad I did it". And I know that anyone who did it 
before they did a field course would benefit from it. So I think that if I had taken 
BIOL*3010 before I'd done a field course, I would have done better in the field 
course.  

Yeah, well, it was a learning process for sure. I don't think I enjoyed it while it was 
happening. But looking back on it, it was fun.  

 


