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ABSTRACT 

THE SQUIRREL LIFE PROJECT:  
AN ACCESSIBLE FRAMEWORK FOR EXPERIENTIAL LEARNING 

Elizabeth Porter 
University of Guelph, 2022

Advisors: 
Dr. Karl Cottenie 
Dr. Shoshanah Jacobs

High-quality educational experiences are critical to training the next generation of 

scientists, but traditional teaching methods (for example, lecturing) fail to provide 

equitable access, while high-impact methods are neglected despite evidence supporting 

best pedagogical practices. This thesis presents 1) the development of a scalable 

experiential learning initiative, The Squirrel Life Project, for large undergraduate courses 

based on experiential learning and citizen science frameworks, 2) the creation of a 

citizen science tool software prototype to expand and support The Squirrel Life Project, 

and 3) a discussion of the significance of integrating nature-based learning into higher 

education programs. The Squirrel Life Project facilitates high-quality experiential 

education and community-engaged science, while exposing a diversity of people to their 

natural surroundings with the goal of fostering human-nature connections.   
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Chapter 1: Introduction 
This thesis explores ecological citizen science research in the context of post-

secondary biology education to address inequitable access to high-quality experiential 

learning and science training. Inequitable access to education, combined with disregard 

for the importance of dissemination of research results in a way that is useful to non-

academics perpetuates an exclusionary culture in science (Asai, 2020; Doubleday & 

Connell, 2017; B. Freeling et al., 2019; B. S. Freeling et al., 2021; Termini & Pang, 

2020), stunting the advancement of knowledge in the natural science disciplines. 

Providing equitable access to educational experiences and resources that will improve 

the overall scientific literacy of communities is essential to addressing societal 

challenges (e.g., health, food security, climate action, etc.) that impact the quality of life 

for humans and the wildlife we share our space with (Bonney, Cooper, et al., 2009; 

Bybee, 1997; Spitzer & Fraser, 2020; Valladares, 2021). By providing more education 

and research opportunities to more people, we widen the pool from which Highly 

Qualified Personnel and successful researchers come from, and, more importantly, we 

increase the representation and voices of equity-deserving and minority groups in 

decision making and initiatives for change. Therefore, it is important to develop 

resource-efficient and meaningful ways to provide the opportunity for more people to 

engage in science. However, implementation of the changes necessary to support this 

requires planning and opportunities for iterative improvements. I think that an effective 

place to start is within the pre-existing framework of post-secondary education and 

undergraduate curriculum, and this thesis provides the background and a successful 

example. 
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1.1 Experiential Learning in the Context of Large Classes 

In the quest to provide high-quality, authentic learning experiences to 

undergraduate students, experiential learning has become a well-known, yet 

underused, pedagogical tool. Experiential learning is known to enhance transferable 

and discipline-specific skill development and knowledge acquisition (D. Kolb, 1984; 

Stains et al., 2018; Thiry et al., 2016; Wurdinger & Allison, 2017). It involves a cyclical 

process (D. Kolb, 1984) of having a concrete experience, reflecting on the experience 

(reflective observation), learning from the experience and connecting it to existing 

knowledge (abstract conceptualization), and then trying out what has been learned 

(active experimentation). This approach contextualizes learning as a process in which 

knowledge is continually formed and re-formed through experiences, application of 

learning, and reflection (Bruner & Bruner, 1966; D. Kolb, 1984). This process gives 

students the skills, knowledge, and confidence to participate in meaningful learning 

(e.g., Bloom’s Taxonomy higher-order thinking; apply, analyze, evaluate, create 

(Adams, 2015)) and significant learning (e.g., Fink’s (2013) Significant Learning 

Outcomes; Foundational Knowledge, Application, Integration, Human Dimension, 

Caring, Learning How to Learn).  

Unfortunately, experiential learning is underused in undergraduate courses 

because of barriers like class size, curriculum restrictions, resource limitations, and 

faculty resistance, and student resistance (Stains et al., 2018; Thiry et al., 2016; 

Wurdinger & Allison, 2017). These barriers result in adopting more traditional teaching 

methods, such as didactic lecturing, which instructors are often more familiar and 

comfortable with (Stains et al., 2018). However, traditional teaching approaches tend to 
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be teacher-centric (that is, the teacher talks and the students listen) and focus on 

knowledge transmission and memorization (Allison & Wurdinger, 2005; Wurdinger & 

Allison, 2017). This can create an undesirable power imbalance in the classroom that 

further limits students’ willingness to participate and overall engagement (Carey, 2013). 

As a result, students do not have the opportunity to practice critical thinking, problem 

solving, and application of the knowledge and skills they learn (Allison & Wurdinger, 

2005). Instructors are often hesitant to adopt high-impact teaching practices because of 

inadequate support and training, and lack of resources (time, money, support staff). 

However, research shows that high-impact teaching practices like first-year 

experiences, undergraduate research, and community-based learning are more 

effective at helping students achieve learning outcomes (Bingham, 2021; Kuh, 2008). 

By limiting the opportunities for students to participate in high-impact education, their 

current and future potential is restricted, and their health and well-belling suffers. 

Because of hesitancy to adopt high-impact teaching practices which is often related to 

time and resource limitations, solutions to simplify the use of experiential learning in 

undergraduate courses are needed to overcome the existing barriers for instructors and 

students, and increase the use in undergraduate courses.  

In first-year undergraduate courses, class sizes are often very large (Cash et al., 

2017) making it especially difficult to include meaningful and enjoyable experiential 

learning opportunities. Yet early integration of experiential education has been 

demonstrated to be particularly beneficial to student learning (Aukes et al., 2008), 

especially for students from equity-deserving communities. This makes it essential to 

find efficient and innovative ways to incorporate experiential learning into early post-
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secondary education. A promising strategy to overcome the existing challenges of 

implementing experiential learning is to use a pre-existing framework that provides 

hands-on research experience, encourages community engagement, and supports 

many participants: citizen science.  

1.2 Citizen Science as an Accessible Framework for Experiential 
Learning 

Since the creation of the term “citizen science” by Alan Irwin in the mid-1990s, 

public participation in science has led to millions of people worldwide engaging in the 

scientific process. The explosive growth of these projects has changed the scientific 

landscape through rapid knowledge advancement enabled by generation of enormous 

datasets, making citizen science a valuable and powerful tool for ecological research, 

surpassing the abilities of a single researcher or even a small research team (Bonney, 

Cooper, et al., 2009; Bonney et al., 2014; Kobori et al., 2016). 

Citizen science data are used in multiple disciplinary areas for environmental 

monitoring, wildlife population studies (e.g., Project FeederWatch (Lepage & Francis, 

2002), eBird8 (Sullivan et al., 2014)), biodiversity (Theobald et al., 2015) (e.g., 

iNaturalist), pollution and water quality (Blake et al., 2020; Farnham et al., 2017), and 

more. These citizen science initiatives rely on contributions from (generally) untrained 

members of the public with varied levels of experience, skill, and knowledge. This has 

provoked questions that challenge the scientific value of citizen science, based on the 

integrity of data generated by these untrained participants (Bird et al., 2014; Kosmala et 

al., 2016; Riesch & Potter, 2014; Theobald et al., 2015). Data quality is critical to citizen 

science data usability for policy development and implementation, informing 
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environmental monitoring and conservation strategies, and laying the foundation for 

future research (Chandler et al., 2017; Dickinson et al., 2010, 2012; Kobori et al., 2016). 

Without confidence in citizen science data, the scientific value of these large-scale 

programs and datasets is significantly diminished.  

Current research attempts to address the lack of confidence in citizen science 

data with a resource intensive (and what could be considered inefficient) downstream 

approach (for example, removing or correcting for problematic data (Bonter & Cooper, 

2012; Gadermaier et al., 2018), and there is limited guidance on how to address data 

problems economically (Bird et al., 2014; Clare et al., 2019). A less resource intensive 

and more impactful investment would be creative upstream solutions that use the 

extensive resources already available in the community, and prioritization of inclusive 

practices such that data scalability is not sacrificed. Additionally, producing high-quality 

data from the start would ensure it is available for use in a timely fashion, with minimal 

resource expenditure. Universities, a main locus of knowledge production (Godin & 

Gingras, 2000), could provide a solution to this challenge through their role as trainers 

of researchers and industry professionals. 

While there undoubtedly is room for improvement in many areas of the structure, 

policies (e.g., bureaucratic challenges (Coccia, 2009)), and practices of universities 

(e.g., assessment practices like standardized testing (Himelfarb, 2019; Huddleston & 

Rockwell, 2015)), there are several key factors that make them an excellent starting 

point for increasing equitable access and implementing systemic change. First, post-

secondary education programs enroll a significant number of students, with nearly 1.4 

million students enrolled at Canadian universities in 2019 (Statistics Canada, 2021). 
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While this excludes a significant portion of the population (according to Statistics 

Canada (2022) the total Canadian population in 2019 was about 37.81 million), if 

students are explicitly taught how to effectively share what they learn with their 

communities (another area where universities should continue to improve) the reach of 

this education becomes greater through multiple points of contact. This provides a 

valuable opportunity to reduce the gap between academics and non-academics, where 

the exchange of information should go both ways such that what is taught in the 

classroom evolves with the needs of the local and global communities.  

Another strength of universities and undergraduate education is the focus on 

learning objectives and outcomes, which provides structure for learning. In the context 

of using citizen science, structured learning outcomes and goals are advantageous and 

a key component that inclusion in the education system would introduce. This is 

because the learning outcomes of citizen science projects (Kobori et al., 2016; Phillips 

et al., 2018) and experiential learning (Bruner & Bruner, 1966; Gilbert et al., 2014; A. Y. 

Kolb & Kolb, 2005) are remarkably similar, but citizen science projects struggle to 

implement and assess goals and learning outcomes (Bonney, Cooper, et al., 2009; 

Phillips et al., 2018; Vitone et al., 2016). University classrooms provide a structured 

environment in which to do this (Vitone et al., 2016), while citizen science offers an 

inclusive framework for providing undergraduate students in large classes with the 

opportunity to engage in meaningful science regardless of skill, experience, or access to 

resources. 

Citizen science is known to benefit student learning at the K-12 level (Freeman et 

al., 2014; Schuttler et al., 2018; Shah & Martinez, 2016; Tsivitanidou & Ioannou, 2020), 
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but using citizen science to achieve learning outcomes and address content knowledge 

at a post-secondary level has been explored to a lesser extent. In the past decade there 

has been a gradually growing body of evidence related to the use of citizen science as 

an education tool for undergraduate students, and although the emerging results 

warrant further consideration, there is limited empirical evidence (Esmaeilian et al., 

2018; Kridelbaugh, 2016; Mitchell et al., 2017; Oberhauser & LeBuhn, 2012; Vance-

Chalcraft et al., 2022; Vitone et al., 2016).  

Further support for the scarcity of information about the use of citizen science for 

experiential learning is a systematic review by Vance-Chalcraft et al. (2022) which found 

only 15 published, peer-reviewed papers that fit their inclusion criteria: used a citizen 

science project that accepts contributions from students and the public, detail about 

course characteristics, how students participated, reasons why instructors chose to use 

citizen science to address learning objectives, and results of student outcome 

assessments. Few of these papers included the assessment results of student 

outcomes from citizen science participation and of those, the presented results were 

limited (Mitchell et al., 2017; Vitone et al., 2016), making it impossible to quantitatively 

evaluate assessment results related directly to involvement in citizen science (Vance-

Chalcraft et al., 2022).  

Most studies that examined citizen science as a learning tool focused on 

students’ attitudes and perceptions about citizen science and their scientific 

contributions to it, or the instructors perceptions (Vance-Chalcraft et al., 2022). Several 

of the papers provided instructors with encouragement to incorporate citizen science 

into their own courses (Hardy & Hardy, 2018; Kridelbaugh, 2016; Oberhauser & 
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LeBuhn, 2012; Surasinghe & Courter, 2012; Voss & Cooper, 2010). However, none of 

the studies examined students’ attitudes and opinions about what they learned from 

participating, or other outcomes. Further, none of the studies examined citizen science 

and experiential learning in the context of access to learning experiences and science.  

Citizen science has the potential to be an innovative, powerful method for 

engaging undergraduates in authentic research (Frantz et al., 2014) to teach 

transferable and discipline-specific skills, course-related knowledge, and robust 

research methods (Mitchell et al., 2017). It is also an opportunity to teach a group of 

individuals about these topics, such that they can each go out into the world and share it 

with others. 

1.3 Research Question and Objectives 

In this thesis, I will explore citizen science as an experiential education 

opportunity for undergraduate students to evaluate educational outcomes by asking the 

research question “What are the educational outcomes of using citizen science projects 

as an experiential learning opportunity for undergraduate students?”. To answer this my 

research objectives are to: 1) create an inclusive and accessible citizen science project, 

and 2) characterize the educational outcomes of using citizen science as a high-impact 

experiential learning opportunity for undergraduate students (e.g., does citizen science 

reduce barriers to scientific education and literacy).  

Objective 1 is to create a citizen science project, first as a pilot study, to test 

research protocols, participant recruitment strategies, and identify potential problems 
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and areas for improvement. This will help to inform additional avenues to explore 

throughout the research. Objective 1 is addressed in Chapter 2 and Chapter 3. 

Objective 2 is to characterize educational outcomes of participating in a citizen 

science project. This will help us understand whether citizen science can be used as an 

effective option for providing experiential learning opportunities to undergraduate 

students, and the best way to do so. If the common learning outcomes of citizen science 

and experiential learning are similar, we hypothesize that participation in a citizen 

science project will be an effective experiential learning activity. If true, we predict 

participation will have a positive effect on skill development (transferable and discipline 

specific) and knowledge acquisition. Objective 2 is addressed in Chapter 2 and Chapter 

4.  

  



 

10 

Chapter 2: Citizen Science for Accessible Experiential 
Learning in an Undergraduate Biology Course 

2.1 The Squirrel Life Project 

We designed the Squirrel Life Project based on experiential learning (e.g., 

National Society for Experiential Education, 1998) and citizen science (e.g., Phillips et 

al., 2018) frameworks and best-practices. We ensured that students would have 

opportunities to learn through participation in authentic research and incorporated a 

reflection component to fulfill the requirements for experiential education. Further, 

following best practices for citizen science projects, we provided clear instructions and 

easy to replicate data collection techniques for people with diverse levels of background 

knowledge and experience. We also clearly communicated the goals and intended 

outcomes of the project to participants. These goals and outcomes were: participating in 

a citizen science data collection protocol, spending time outside, forming connections 

with local nature spaces, and recording data about squirrels to start generating a 

dataset for long-term monitoring of squirrel populations in Guelph, Ontario.  

The user-friendly nature of the project was supported by using squirrels as the 

species of interest, because they are abundant in many habitats, easily identified, active 

during the day (diurnal) and charismatic – almost anyone, anywhere, knows what a 

squirrel is! We focused on the commonly observed squirrel species in Guelph, ON, the 

eastern grey squirrel (Sciurus carolinensis) and the American red squirrel (Sciurus 

vulgaris); however, students participating remotely from other parts of the world 

observed alternate squirrel species (for example, the Indian palm squirrel, Funambulus 

palmarum) and in some cases different species entirely (birds, other mammals). We will 
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use the squirrel observations collected with the Squirrel Life Project for a long-term 

monitoring program to compare urban and suburban squirrel densities and behaviours 

in Guelph, ON.  

The Squirrel Life Project was used as a learning activity in a large first-year 

undergraduate biology course (BIOL*1070: Discovering Biodiversity), which enrolls up 

to 900 students a semester, at the University of Guelph. During the Winter 2021 

semester (January to April 2021) the Squirrel Life Project was offered as a bonus 

activity worth 5% extra on top of the final course grade. After the Winter 2021 offering 

we received an overwhelmingly positive response and students volunteered feedback 

about how much they enjoyed and benefited from the experience (anecdotally, themes 

of mental and physical health, a sense of community, and general enjoyment emerged). 

Because of this, we integrated the Squirrel Life Project as a part of the core curriculum, 

see Robertson et al. (2021), in the Fall 2021 and Winter 2022 offerings of the course. In 

all 3 offerings, students participated for course credit (5% bonus in Winter 2021, and 5% 

of final grade in Fall 2021 and Winter 2022) and were required to go on a minimum of 5 

discrete ≥ 30-minute “Squirrel Walks” to count squirrels and observe their behaviour on 

safe, established trails wherever they were located geographically. During the walk 

participants recorded observations on a mobile device (Winter 2021 and Fall 2021 

offering: Google Forms (Appendix A); Winter 2022: EpiCollect5 (Appendix B)) or 

hardcopy data collection sheet (Appendix C). Participants reported: username, date, 

start time, starting location, trail/location name, weather conditions, squirrel 

observations (species and behaviours), additional thoughts about their observations, 

confidence in their observations, final location, and end time.   
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To support equitable access to the Squirrel Life Project, we provided two 

alternative participation options for individuals who were unable to go on Squirrel Walks: 

Squirrel Watch, and Wildlife Cam. Squirrel Watch participants were invited to watch a 

selected portion of their yard (or other natural or urban space) for ≥ 30 minutes on 5 

discrete occasions and recorded the same data as those who participated in Squirrel 

Walks. Wildlife Cam participants followed the same protocols as Squirrel Watchers, but 

instead watched a live webcam stream of animals of their choice (fully virtual option).  

In the Fall 2021 and Winter 2022 offerings of the course, students were also 

required to provide written reflections on their experiences at the end of the semester, 

which again were overwhelmingly positive with themes of mental health, well-being, 

stress relief, outdoor activity, and general enjoyment. Self-reflection was added because 

it is a fundamental part of experiential learning that encourages students to think about 

their behaviours and approaches to activities and their own learning, particularly in 

integrative or interdisciplinary contexts (D. Kolb, 1984; Spelt et al., 2009; Veine et al., 

2020). The goals of including the Squirrel Life Project in the course were to engage 

students in authentic research, help them learn and improve transferable and discipline-

specific (largely ecology) skills, and explicitly introduce them to citizen science and 

experiential learning. 

2.1.1 Objectives 

Our objective for studying the inclusion of citizen science in the course was to 

determine what the outcomes, educational and otherwise, were for students who 

participated in this citizen science project. To evaluate learning outcomes, we asked 

students to rate their skill level (pre and post participation), and what skills they felt they 
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gained experience in through participating in the Squirrel Life Project. We expected that 

students would gain experience and self-report improvement in transferable skills (e.g., 

data collection, critical thinking, self-efficacy, independent problem solving, 

responsibility, thinking like a scientist) and discipline-specific skills (e.g., ecological field 

work, animal behaviour observation, awareness of natural environment) related to the 

Squirrel Life Project experience. We also expected that students might self-report 

improvement in skill areas that were not directly related to the Squirrel Life Project 

because of other course experiences (e.g., scientific literacy, communication skills, 

collaboration, asking thoughtful questions).  

Finally, we asked students about their attitudes and opinions relating to citizen 

science and experiential learning, and in the context of accessibility. We expected that 

students would enjoy participating in citizen science and experiential learning, and that 

the Squirrel Life Project would increase access and participation. 

2.2 Methods 

2.2.1 Data Collection 

I used a mixed-methods research approach (qualitative and quantitative) to 

explore students’ perceptions and opinions about citizen science, experiential learning, 

and general science topics, and collect sociodemographic data. I did this using pre- and 

post-surveys that included questions with scalable answers (quantitative) and open-

ended answers (qualitative). Quantitative survey questions were Likert scale items 

tested on a five-point Likert scale. The five-point scale was used to make it easier for 

students to respond. Some items with a bipolar scale (labels like “Strongly disagree” to 

“Strongly agree”) were reverse keyed to reduce response bias and measure an 
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opposite construct (e.g., asking the student if they did NOT learn something) (Jebb et 

al., 2021). The surveys collected information about skill level and skill development 

because of participating in the Squirrel Life Project, attitudes and opinions about the 

Squirrel Life Project, and attitudes and opinions about citizen science and experiential 

learning. We also asked a series of standard survey demographic questions (e.g., 

gender, age, disability, etc.). 

I created all the surveys using Qualtrics survey creation software (Qualtrics, 

2022) and distributed them to students in BIOL*1070 in collaboration with the course 

instructors through the learning management system (CourseLink) and by email. A 1-

minute video summary and written description of the research was provided.  

There were two separate survey periods: Fall 2021 and Winter 2022. In both 

cases I distributed the same pre-survey at the beginning of the semester prior to 

students participating in the Squirrel Life project, and the same post-survey at the end of 

the semester after students had completed the Squirrel Life project.  

The first survey period, Fall 2021, was for the cohort of students from September 

2021 to February 2022. For Fall 2021 the pre-survey was available from September to 

October 2021 and the post-survey was available from December 2021 to February 

2022. During the Fall 2021 survey period we also invited non-students to participate in 

the surveys by invitation through social media (Twitter, Facebook, and Instagram). The 

Fall 2021 post-survey was available for a longer duration (one extra month) than the 

Winter 2022 post-survey to account for the numerous holidays and celebrations that 

take place throughout December. The second survey period, Winter 2022, was for the 



 

15 

cohort of students from January 2022 to May 2022. For Winter 2022 the pre-survey was 

available from January to February 2022 and the post-survey was available from April to 

May 2022.  

In accordance with Research Ethics Board standards, respondents were not 

required to complete all survey questions to be included in the research. All “no 

consent” responses were deleted in accordance with ethics board requirements, and all 

partial responses were deleted (that is, participants who did not reach the end of the 

survey and click “submit”; participants who left questions blank but did submit the 

survey were included in the analysis). For questions with a pre- and post-survey 

response, only participants who completed both the pre- and post-survey were included 

(N = 12 for Fall 2021, N = 37 for Winter 2022). For questions that were only asked in the 

post survey, all respondents were included (N = 40 for Fall 2021, N = 74 for Winter 

2022). The variables used in the analysis are identified in Table 2.1. 

Only Winter 2022 student responses are presented and discussed in this thesis 

because of the larger sample size. Fall 2021 and Winter 2022 responses were not 

combined to preserve the potential differences between the Fall and Winter cohorts. 

Throughout the thesis any reference to pre- and post-surveys and responses are for 

those in the Winter 2022 survey period. 
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Table 2.1: Summary of variables used in the analyses. 
Variable Actual question Response 
Pre- and post-survey 
Skill rating Please rate your skill level for each of the following skills: 

• Ecological field work 
• Data collection 
• Animal behaviour observation 
• Awareness of natural environment 
• Scientific literacy 
• Critical thinking 
• Written communication 
• Verbal communication 
• Visual communication 
• Science communication 
• Collaboration 
• Self-efficacy/self-direction 
• Independent problem solving 
• Responsibility 
• Asking thoughtful questions 
• Thinking like a scientist 

5-point Likert 
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Table 2.1 (continued). 
Post-survey only 
Attitudes & opinions:  
Citizen science 

Please rate the following statements about citizen science: 
• I see the importance of participating in citizen science projects 
• I am interested in participating in citizen science projects 
• More people should participate in citizen science projects 
• I can easily access citizen science projects 
• I can easily participate in citizen science projects 
• I know what citizen science is 

5-point Likert 
 

Accessibility: 
Citizen Science 

What else would you like to share about accessibility and inclusion as it 
relates to citizen science? 

Open-ended 

Attitudes & opinions:  
Experiential learning 

Please rate the following statements about experiential learning: 
• I see the importance of participating in experiential learning 
• I am interested in participating in experiential learning  
• More people should participate in experiential learning 
• I can easily access experiential learning opportunities  
• I can easily participate in experiential learning opportunities  
• I know what experiential learning is 

5-point Likert 

Accessibility: 
Experiential Learning  

What else would you like to share about accessibility and inclusion as it 
relates to experiential learning?  

Open-ended 

Attitudes & opinions:  
Squirrel Life 

Rate the following statements: Participating in Squirrel Life… 
• Encourages me to spend more time outside 
• Improves my mental health 
• Improves my physical health 
• Is a valuable experience 
• Is fun 
• Is a waste of time 

5-point Likert 
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Table 2.1 (continued). 
Skills from Squirrel 
Life participation 

Please rate the following statements based on your experience with Squirrel 
Life during Winter 2022. 
• Gained experience in ecological field work 
• Gained experience in data collection 
• Gained experience in animal behaviour observation 
• More aware of the natural environment 
• Gained experience in critical thinking 
• Got to be a scientist 
• Had opportunities outside the classroom to get involved in science 
• More aware of my surroundings 
• Learned skills with practical applications 
• Confused about what I was supposed to get out of this experience 
• Know more about squirrels than I did before 
• Interested in learning more about squirrels 
• Would like to see more opportunities like Squirrel Life offered separately 

from my courses 
• Would like to see more opportunities like Squirrel Life included in my 

courses  
• Would participate in Squirrel Life again 
• The data I contributed to Squirrel Life is valuable 

5-point Likert 

Other: Squirrel Life What else do you want to tell us about your experience with Squirrel Life? Open-ended 
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2.2.2 Data Preparation and Analysis 

Quantitative analyses were conducted using R (version 4.2.0) (R Core Team, 

2022) and RStudio (version 2022.02.2, “Prairie Trillium”) (RStudio Team, 2022). Figures 

were produced using RStudio and Excel.  

All survey questions that were seen but not answered were coded 99. If the 

participant did not see a question (they did not view that path of the survey because of 

previous responses) the blank answer was coded 66.  

Quantitative Data.  

I used diverging bar charts with neutrals split to visualize the 5-point Likert scale 

data (Strongly Disagree, Somewhat disagree, Neither Agree nor Disagree, Somewhat 

agree, Strongly agree). I used 100% diverging bar charts to visualize the skill rating 5-

point Likert scale data (Poor, Fair, Good, Very Good, Excellent). Following this visual 

data exploration, I calculated the mean response for each Likert item based on the 

rankings in Table 2.2. to determine the average response to each. For questions with a 

pre- and post-response, I used contingency tables and chi-square tests to determine if 

there was a statistically significant change in the distribution of responses.  

 

 

 

 



 

20 

Table 2.2: Numerical rankings for Likert scale response levels. 
Scale type Response level Numerical ranking   
Five-point Likert  
(Skill rating, 
unipolar) 

Poor 
Fair 
Good 
Very good 
Excellent 

1 
2 
3 
4 
5 

Five-point Likert 
(Agreement, 
bipolar) 

Strongly disagree 
Somewhat disagree 
Neither agree nor disagree 
Somewhat agree 
Strongly agree 

1 
2 
3 
4 
5 

 

Qualitative Data. 

I used text mining and word clouds to explore the answers to the qualitative 

(open-ended) survey questions. In all cases, common English stop words were 

removed. Then the list of remaining words was reviewed, any other meaningless words 

were removed, and similar words and concepts were combined. I also conducted a 

summative content analysis (Hsieh & Shannon, 2005) of the open-ended questions to 

understand student perspectives about citizen science, experiential learning, and the 

Squirrel Life Project in general. This analysis focuses on “identifying and quantifying 

certain words or content in text with the purpose of understanding the contextual use of 

the words or content” (Hsieh & Shannon, 2005, p. 1283). To perform this, I divided the 

text into ‘statements’, which were of varying length. Each statement was representative 

of a singular topic, and if the topic changed it was considered a new ‘statement’. Each 

statement was coded into a theme using emergent, concept-driven coding (Gibbs, 

2012). Related themes were collapsed into a broader representative theme. The 



 

21 

frequency of each type of thematic statement was recorded, and a chi-square test was 

used to compare the frequency of each from the pre- and post-surveys. A limitation is 

that only I reviewed these word lists and content analysis, so my personal perceptions 

and inherent biases may have influenced the results and interpretation. 

2.3 Results 

2.3.1 Respondent Characteristics 

The demographic characteristics of the respondents for the Winter 2022 post-

survey (N = 74) are presented in Table 2.3. Of note is the large representation of 

students with disabilities (35.14%), which is higher than the proportion of Canadians in a 

similar age group (13.1%, 15 to 24 years of age) (Government of Canada, 2020). 

Student self-reported participation in citizen science and experiential learning 

before the Winter 2022 survey period and during the Winter 2022 survey period (N = 74) 

is presented in Table 2.4. I used a 2 x 3 contingency table to perform a chi-square 

analysis and calculate Cramér’s V (φ, effect size) to evaluate the change in distribution 

of responses for participation before and during the Winter 2022 semester. There was a 

significant change in the distribution of both citizen science participation (X2(2, N = 74) = 

14.04, p < .001, φ = .31) and experiential learning participation (X2(2, N = 74) = 7.96, p 

= .019, φ = .23). Both had a medium effect size. The percent change in the distribution 

of responses is presented in Figure 2.1. There was a positive change in the distribution 

for citizen science, with more students reporting that they participated during the Winter 

2022 semester compared to prior to the semester. Forty-three respondents reported 

what citizen science project they participated in during Winter 2022, of those, forty-two 

(97.67%) listed the Squirrel Life Project. There was a negative change in the distribution 



 

22 

for experiential learning, with more students reporting they had not participated in 

experiential learning during the Winter 2022 semester compared to prior to the 

semester. Eighteen respondents offered details about the experiential learning they 

participated in during Winter 2022, of those, twelve (66.67%) listed or described the 

Squirrel Life Project. Interestingly, while many students identified the Squirrel Life 

Project as a citizen science project, many students did not identify it as an experiential 

learning activity. This might be a result of the terminology used to describe the Squirrel 

Life Project in the course (primarily talked about as a citizen science project), or it could 

be the case that students are not entirely clear on what experiential learning is.
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Table 2.3: Summary of student respondent demographic characteristics (post-survey, N = 74). 

 

 

 

Variable Category Frequency

Woman 53 71.62
Man 13 17.57
Gender-diverse 5 6.76
No response or prefer not to answer 3 4.05
18 – 24 72 97.30
Other 2 2.70
Yes 13 17.57
No 47 63.51
No response or prefer not to answer 14 18.92
Yes 20 27.03
No 52 70.27
No response or prefer not to answer 2 2.70
Yes 21 28.38
No 45 60.81
No response or prefer not to answer 8 10.81
Yes 26 35.14
No 41 55.41
No response or prefer not to answer 7 9.46
High school diploma 68 91.89
Post-secondary qualification (college or undergraduate) 6 8.11
Yes (primary or shared) 5 6.76
No 67 90.54
No response or prefer not to answer 2 2.70

Disability

Education

Caregiver responsibilities

Percentage (%)

Gender

Age

Equity seeking

Black, Indigenous, 
Person of Colour

LGBTQ2SIA+

Equity deserving 
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Table 2.4: Summary of student participation in citizen science and experiential learning before and during the 
Winter 2022 survey period (N = 74). 
  Before Winter 2022 During Winter 2022 X2 

(df = 2, N = 74) p Cramér’s V 
(φ) Variable  Category Frequency % Frequency % 

Citizen science 
participation 

Yes 21 28.38 43 58.11 
14.04 < .001* .31 No 24 32.43 11 14.86 

Not sure 29 39.19 20 27.03 

Experiential 
learning 
participation 

Yes 34 45.95 19 25.68 
7.96 .019* .23 No 10 13.51 20 27.03 

Not sure 30 40.54 35 47.30 

* Denotes statistically significant difference between before Winter 2022 and during Winter 2022. 
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Figure 2.1: Percent change in self-reported participation in a) citizen science and b) experiential learning 
participation before and during the Winter 2022 survey period (N = 74). Positive values indicate an increase from 
before to during, and negative values indicate a decrease. 

 

a) Citizen Science Participation 

 

b) Experiential Learning Participation 
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2.3.2 Skill Self-Assessment  

Survey participants were asked to rate their skills in several areas in the pre-

survey and again in the post-survey (N = 37, skills can be found in Table 2.1). I used a 2 

x 5 contingency table to perform a chi-square analysis and calculate Cramér’s V. The 

only skill with a significant change between the pre- and post-survey was “Animal 

behaviour observation”, X2(4, N = 37) = 13.06, p = .011, φ = .42 (medium effect size). 

The percent change in the frequency of responses for each response category for 

“Animal behaviour observation” is shown in Figure 2.2. In the post survey there was a 

decrease in responses of “Poor”, “Fair”, and “Good”, and an increase in responses of 

“Very good” and “Excellent”. The mean response increased from “Fair” to “Good”. All 

other skills did not differ between pre- and post-survey skill self-assessment (all values 

are reported in Table 2.5).  

In the post-survey students were asked to indicate what skills they gained 

experience in specifically from participating in the Squirrel Life Project (N = 69, Table 

2.6). The mean of the student responses ranged from 4.06 to 4.54, indicating an 

average response of “Somewhat agree” for various discipline-specific (“Ecological field 

work”, “Animal behaviour observation”, “Awareness of natural environment”) and 

transferable (“Data collection”, “Critical thinking”, “Awareness of surroundings”) skills.  
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Figure 2.2: Percent change in the frequency of each response category for the 
skill "Animal behaviour observation" between pre- and post-surveys (N = 37). 
Positive values indicate an increase from pre- to post-test, and negative values indicate 
a decrease. 
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Table 2.5: Mean response for skill rating self-assessment in the pre- and post-surveys (N = 37). 

Item Pre survey Post survey X2 
(4, N = 37) p Cramér’s V 

(φ) Mean Likert rating Mean  Likert rating 
Discipline-specific skills related to Squirrel Life 
Ecological field work 2.11 Fair 2.68 Fair 7.81 .098 .32 
Animal behaviour observation 2.68 Fair 3.46 Good 13.06 .011* .42 
Awareness of natural environment 3.11 Good 3.57 Good 3.30 .51 .21 
Transferable skills related to Squirrel Life 
Data collection 3.38 Good 3.68 Good 2.27 .69 .18 
Self-efficacy/self-direction 4.14 Very good 4.16 Very good 1.81 .77 .16 
Critical thinking 3.76 Good 3.86 Good 2.88 .58 .20 
Independent problem solving 4.05 Very good 4.08 Very good 5.26 .26 .27 
Responsibility 4.46 Very good 4.27 Very good 4.83 .31 .26 
Thinking like a scientist 3.68 Good 3.76 Good .69 .95 .097 
Skills not directly related to Squirrel Life 
Scientific literacy 3.38 Good 3.46 Good .70 .95 .097 
Written communication 3.76 Good 3.84 Good 2.92 .57 .20 
Verbal communication 3.70 Good 3.68 Good 1.60 .81 .15 
Visual communication 3.78 Good 3.68 Good 2.35 .67 .18 
Science communication 3.41 Good 3.46 Good 3.01 .56 .20 
Collaboration 4.16 Very good 4.11 Very good .70 .95 .097 
Asking thoughtful questions 3.78 Good 3.76 Good 3.85 .43 .23 

* Denotes statistically significant difference between pre- and post-survey  
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Table 2.6: Mean response for self-reported skill development resulting from participating in the Squirrel Life 
Project (post-survey, N = 69). 
Likert item Mean Response Response Distribution (%) * 
Discipline-specific skills related to Squirrel Life 

Gained experience in ecological 
field work 4.18 Somewhat agree 

 

Gained experience in animal 
behaviour observation 4.51 Somewhat agree 

 

More aware of the natural 
environment 4.40 Somewhat agree 

 
Transferable skills related to Squirrel Life 

Gained experience in data 
collection 4.54 Somewhat agree 

 

Gained experience in critical 
thinking 4.06 Somewhat agree 

 

More aware of my surroundings 4.38 Somewhat agree 
 

* response category legend for diverging bar chart (centred on ‘Neither agree nor disagree’) 
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2.3.3 The Squirrel Life Project: Attitudes and Opinions 

Survey participants were given the prompt “Please rate the following statements 

based on your experience with Squirrel Life during the Winter 2022 semester”. Table 

2.7 displays the mean response for statements related to the Squirrel Life Project and 

accessing experiences and science (N = 69). Most notably, students reported they 

would like increased access to more opportunities like the Squirrel Life Project include 

in their courses (mean = 4.22, “Somewhat agree”). To a lesser extent, students reported 

they want to access more similar opportunities outside of class (mean = 3.85, “Neither 

agree nor disagree”). They also agreed that they had the opportunity to get involved in 

science (mean = 4.66, “Somewhat agree”), got to be a scientist (mean = 4.15, 

“Somewhat agree”), and learned skills with practical applications (mean = 4.09, 

“Somewhat agree”).  

Table 2.8 displays the mean response for statements related to personal benefits 

of the Squirrel Life Project. Students reported that participating in the Squirrel Life 

Project encouraged them to spend more time outside (mean = 4.64, “Somewhat 

agree”), and improved their physical (mean = 4.16, “Somewhat agree”) and mental 

(mean = 4.12, “Somewhat agree”) health. Overall students reported that it was a 

valuable and fun experience (mean = 4.30 to 4.33, “Somewhat agree”).  
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Table 2.7: Mean response for statements based on students' experience with the Squirrel Life Project (post-
survey, N = 69). 

 Likert item Mean  Response Response Distribution (%) * 
Statements related to Squirrel Life 
Would like to see more opportunities like 
Squirrel Life offered SEPARATELY from 
my courses 

3.85 Neither agree 
nor disagree  

Would like to see more opportunities like 
Squirrel Life INCLUDED in my courses 4.22 Somewhat 

agree 
 

Interested in learning more about 
squirrels 3.56 Neither agree 

nor disagree  

Contributed valuable data to Squirrel 
Life 3.96 Neither agree 

nor disagree 
 

Would participate in Squirrel Life again 3.96 Neither agree 
nor disagree 

 

Know more about squirrels than I did 
before 3.78 Neither agree 

nor disagree 
 

* response category legend for diverging bar chart (centred on ‘Neither agree nor disagree’) 
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Table 2.7 (continued). 
Likert item Mean  Response Response Distribution (%) * 
General statements related to science 

Got to be a scientist 4.15 Somewhat 
agree 

 

Had opportunities outside the classroom 
to get involved in science 4.66 Somewhat 

agree 
 

Learned skills with practical applications 4.09 Somewhat 
agree 

 
Reverse coded statement 

Confused about what I was supposed to 
get out of this 2.48 Somewhat 

disagree 
 

* response category legend for diverging bar chart (centred on ‘Neither agree nor disagree’) 
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Table 2.8: Mean response to statements related to personal benefits of participating in the Squirrel Life Project 
(post-survey, N = 69). 

Likert item Mean  Response Response Distribution (%) * 
Statements about the benefits of participating in Squirrel Life 

Encourages me to spend more 
time outside 4.64 Somewhat agree 

 

Improves my physical health 4.16 Somewhat agree 
 

Improves my mental health 4.12 Somewhat agree 
 

Valuable experience 4.30 Somewhat agree 
 

Fun 4.33 Somewhat agree 
 

Reverse coded statement 

Waste of time 1.96 Somewhat 
disagree 

 
* response category legend for diverging bar chart (centred on ‘Neither agree nor disagree’) 
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Finally, students were invited to share anything else they would like to about the 

Squirrel Life Project. The word cloud (Figure 2.3) illustrates the overwhelmingly positive 

feedback from students (N = 15). Students’ answers included discussion of skills they 

learned, gratitude for an opportunity to spend time outside away from screens, and 

general statements of enjoyment and relaxation. Through content analysis I identified 

55 statements which I grouped into 6 main themes: 

Enjoyment and Fun (41.8 %): 

“I really enjoyed the Squirrel Life project, it was a fun way to further my 
understanding of lecture concepts, and it provided a good break from studying.”  

“It was the best part of the course that included it.”  

Nature Experiences and Connections (29.1 %): 

“The Squirrel Life project was great to explore the environment I am immersed in 
daily with a different lense. After the Squirrel Life project, I am finding myself 
noticing the Squirrel hotspots around campus, and thinking about what they may 
be up to rather than just appreciating their presence.” 

“It was a fun experience and definitely helped me to connect with my 
environment more.” 

Mental Health Benefits (10.9 %): 

“I think that it is a fun idea that did help my mental health especially when exams 
were coming up.” 

Productivity (9.1 %):  

“It was a good way to feel productive outside and do something I already enjoy 
for credit.” 

Negative Sentiments (9.1 %): 

“I didn’t feel it was very enriching because I’ve been around squirrels my whole 
life and especially when I was younger I would watch them doing their thing. I 
didn’t really learn anything about squirrels.
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Figure 2.3: Word cloud of students' feedback about the Squirrel Life Project (post-survey, N = 15). The larger the 
word, the more frequently it appeared in the responses. 
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2.3.4 Citizen Science Attitudes and Opinions 

Survey participants were given the prompt “Please rate the following statements 

about citizen science” (Table 2.9). Students agreed that they are interested in 

participating, see the importance, and think that more people should participate (mean 

response ranging from 4.05 to 4.26, “Somewhat agree”). However, the mean responses 

for ease of accessing the opportunities and participating was lower (3.34 and 3.77, 

respectively, “Neither agree nor disagree”).  

Survey participants were also asked to respond to the open-ended question 

“What else would you like to share about accessibility and inclusion as it related to 

citizen science?” (N = 30). When preparing the citizen science word cloud, phrases and 

words that represented similar themes were grouped together to improve understanding 

(Figure 2.4). Content analysis of the answers resulted in identification of 36 individual 

statements which I grouped into 7 themes: Not Enough Information (27.8%; statements 

about not knowing what it is or how to access it), Need for Increased Access (25%), 

Barriers to Participation (13.9%), Accessible Learning (11.1% statements related to 

education, or students who only accessed it because of the course), Benefit to Science 

(8.3%), Potential to be Accessible (8.3%), Increases Diversity in Science (5.6%). 

Interestingly, many students reported that before the course they did not know 

what citizen science was, and only learned about it and were able to participate 

because it was part of the course. Students identified barriers to participation and 

indicated that course integration was beneficial to their ability to access the opportunity.  

“I have never seen any projects or events for citizen science before taking this 
class, I was unaware about it.” 
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“…I personally was not aware of citizen science before encountering this project, 
so the ease of access and participation in citizen science is limited by the fact 
that I’m not sure what else is included or where to find it offhand.” 

“I wish they were put into high schools more. I came from a small school and we 
kind of just focused on getting into university but it was up to the students to find 
outreach programs. Would have been cooled to have some shown to us more 
regularly.”  

“I didn’t know what it was before until I was in university which excludes a lot of 
people from being able to participate, since without university I never could 
have.” 

“Projects can be hard to find unless someone has told you how to or introduces 
you to it.” 

 

Students also identified that citizen science is useful for including a diversity of 

people in research: 

“Accessibility and inclusion are important to citizen science because different 
perspectives [and] experiences make for a more accurate and less biased 
research result.” 
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Table 2.9: Mean responses for attitudes about citizen science (post-survey, N = 74). 
Likert item Mean Response  Response Distribution (%) * 

I am interested in participating in 
citizen science 4.07 Somewhat agree 

 

I can easily access citizen 
science 3.34 Neither agree nor 

disagree 
 

I can easily participate in citizen 
science opportunities 3.77 Neither agree nor 

disagree 
 

I see the importance of 
participating in citizen science 4.26 Somewhat agree 

 

More people should participate 
in citizen science 4.05 Somewhat agree 

 

I know what citizen science is 3.58 Neither agree nor 
disagree 

 
* response category legend for diverging bar chart (centred on ‘Neither agree nor disagree’) 
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Figure 2.4: Word cloud of opinions about citizen science as it related to accessibility and inclusion (post-survey, 
N = 30). The larger the phrase or word, the more frequently it appeared in the responses. 
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2.3.5 Experiential Learning Attitudes and Opinions 

Survey participants were given the prompt “Please rate the following statements 

about experiential learning” (Table 2.10). The results for experiential learning were 

similar to that of citizen science. Again, students agreed that they are interested in 

participating, see the importance, and think that more people should participate (mean 

response ranging from 4.14 to 4.26, “Somewhat agree”). However, the mean responses 

for ease of accessing the opportunities and participating was lower (3.47 and 3.46, 

respectively, “Neither agree nor disagree”).  

Survey participants were also asked to respond to the open-ended question 

“What else would you like to share about accessibility and inclusion as it related to 

experiential learning?” (N = 30). When preparing the citizen science experiential 

learning word cloud (Figure 2.5), phrases and words that represented similar themes 

were grouped together to improve understanding. Content analysis of the answers 

resulted in identification of 32 individual statements which I grouped into 6 themes: Not 

Enough Information (31.3%; statements about not knowing what it is or how to access 

it), Barriers to Participation (21.9%), Accessible Learning (15.6%; statements related to 

accessing it because of the course), Need for Increased Access (15.6%), Benefit to 

Learning (9.4%), Potential to be Accessible (9.4%). 

Many students reported that before the course they did know what experiential 

learning was but had a hard time accessing it. However, inclusion in the course 

increased the accessibility. Students shared that experiential learning is beneficial, and 

that it is important for everyone to have equitable access to these opportunities.  
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“…it’s important to make sure everyone has equitable access to the same 
experiences so they may end up with similar opportunities.” 

“I believe if experiential learning is planned with accessibility and inclusion in 
mind, it can be a wonderful experience for all.” 

“I feel the university of Guelph should integrate [experiential] learning into 
majority of science classes.”  

 

Figure 2.5: Word cloud of opinions about experiential learning as it related to 
accessibility and inclusion (post-survey, N = 30). The larger the phrase or word, the 
more frequently it appeared in the responses. 
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Table 2.10: Mean response for attitudes about experiential learning (post-survey, N = 74). 
Likert item Mean Response  Response Distribution (%) * 

I am interested in participating 
in experiential learning 4.26 Somewhat agree 

 

I can easily access experiential 
learning 3.47 Neither agree nor 

disagree 
 

I can easily participate in 
experiential learning  3.46 Neither agree nor 

disagree 
 

I see the importance of 
participating in experiential 
learning 

4.24 Somewhat agree 
 

More people should participate 
in experiential learning 4.14 Somewhat agree 

 

I know what experiential 
learning is 3.60 Neither agree nor 

disagree 
 

* response category legend for diverging bar chart (centred on ‘Neither agree nor disagree’) 
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2.4 Discussion 

Our study characterized the outcomes of using a citizen science project as an 

accessible experiential learning opportunity for undergraduate students in a first-year 

biology course. The Winter 2022 cohort of BIOL*1070 students were surveyed before 

and after participating in the Squirrel Life Project to evaluate potential skill development 

and learning, and understand their perceptions and attitudes towards the Squirrel Life 

Project specifically, and citizen science and experiential learning more generally. The 

results of our study support success in the overall thesis objectives: 1) to create an 

inclusive and accessible citizen science project, and 2) to characterize outcomes of 

using citizen science as a high-impact experiential learning opportunity for 

undergraduate students. The Squirrel Life Project is not the perfect answer to solve all 

the challenges associated with experiential learning in post-secondary education, but it 

is an effective and accessible option that led to positive experiences and learning for 

participants above and beyond what was possible in the (virtual) classroom and 

presents a promising framework to improve science education. 

2.4.1 Skill Development 

We expected that participation in the Squirrel Life Project would be an effective 

form of experiential learning and have a positive effect on transferable and discipline-

specific skill development; however, we found less evidence for this than we 

anticipated. When we compared students pre- and post-survey skill self-assessments, 

only “Animal behaviour observation” had a statistically significant positive change in the 

response distribution, while all other skills remained about the same. It is unsurprising 

that students confidently rated their animal observational skills higher because the 
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Squirrel Life Project very clearly involved this. Meanwhile, the lack of change in the 

other skills may be due to psychological theories like the Dunning-Kruger effect and 

response shift bias. The Dunning-Kruger effect describes when individuals overestimate 

their own knowledge or skill because they are inexperienced (Ehrlinger et al., 2008; 

Krueger & Mueller, 2002; Kruger & Dunning, 1999). Response shift bias is a well-known 

phenomenon in pre-post self-reports that leads to respondents rating themselves lower 

in the post-test, which happens because of a change in frame of reference for 

knowledge or skill before and after an educational intervention (Howard, 1980; Howard 

& Dailey, 1979). Over the course of a semester, students (especially first-year 

undergraduate students) are exposed to an incredible amount of new knowledge. The 

more that students learn and experience, the more they realize how much more there is 

to continue to learn and experience.  

Further, students tend to feel like they learn more during lectures (“perception of 

learning”), when in actuality they learn more from being actively engaged in a learning 

experience (“actual learning”), like experiential learning (Deslauriers et al., 2019). 

Because the Squirrel Life Project required students to engage in the learning 

experience actively and independently, they may not realize how much they truly 

learned from it. While traditional education systems are skilled at explicitly teaching 

discipline-specific skills and knowledge, there is less guidance for how to teach 

transferable skills and knowledge effectively to equip students to confidently identify and 

assess these fundamental skills (Drummond et al., 1998; Fallows & Steven, 2013). Due 

to the lack of formative feedback or training on how to improve or self-assess 

transferable skills, students may have a more difficult time assessing them, particularly 
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in diverse or novel contexts. The necessity for transferable skills in continuing education 

and the workforce is well documented (Gash & Reardon, 1988; Hill et al., 2022; 

Muhamad, 2012; Nägele & Stalder, 2017), and explicit instruction of transferable skills 

should be a key area of focus in educational programs to support and prepare students 

for their futures.   

We also asked students if they gained experience in a variety of skills, and 

despite not rating their skills any higher in the post-survey, students did indicate that 

they gained experience in several skill areas. This further supports the likelihood that 

students did improve their skills but were not able, or did not know how, to evaluate this 

effectively. Again, we should prioritize teaching students how to recognize, 

acknowledge, and use these valuable skills they have, but are seemingly unaware of. 

Regardless of how transferable skills are introduced, it should be done so explicitly, with 

meaningful guidance, and include opportunities to receive feedback.  

2.4.2 The Squirrel Life Project: Increasing Access to Citizen Science and 
Experiential Learning 

Students’ responses to being able to access citizen science and experiential 

learning opportunities because of direct inclusion in the course, and the positive 

response to the Squirrel Life Project in general, confirms our success in Objective 1 (to 

create an accessible citizen science project). As expected, in the case of both citizen 

science and experiential learning, students reported that they enjoyed the experience or 

thought it was valuable, and even reported the importance of intentionally prioritizing 

accessibility and inclusion in these opportunities to ensure equitable access for all. 

However, students also shared that if these opportunities had not been integrated into 



 

46 

the course through the Squirrel Life Project, they would not be familiar with or have 

known how to access them. Consequently, integrating the Squirrel Life Project into the 

course increased access and ease of participation in citizen science and experiential 

learning for students in BIOL*1070.  

Additionally, our study population (97.30% of whom were 18 to 24 years of age) 

had a 22% higher representation of persons with disabilities compared to a similar age 

group (15 to 24 years of age) in the Canadian population. 35.14% of our survey 

population reported having one or more disabilities, compared to 13.1% of people in the 

2017 Canadian Survey on Disability (Statistics Canada, 2018). For our study population 

to have a higher representation of persons with disabilities, and to have received largely 

positive feedback on the Squirrel Life Project, further supports our success is creating 

an accessible learning experience.  

Ideally, we would not have to use terms like “accessible” and “inclusive” to 

describe educational opportunities, because these characteristics should be the norm. 

Anyone who wants to have the opportunity to participate in high-quality educational 

experiences should be able to do so fully. Following principles of Universal Design for 

Learning (an approach that actively accommodates all learners and reduces or 

eliminates unnecessary barriers in the learning process), if an experience is not 

accessible or inclusive, it is poorly designed (Bowe, 2000; Rose & Meyer, 2002; Seok et 

al., 2018; Wells, 2022). Further, students indicated they wanted to be made aware of 

more of these types of opportunities and want to continue to see them integrated into 

courses. Considerations for this type of systemic implementation and increased access 

are expanded on in Chapter 4.  
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Our study (specifically Chapter 2) adds to the growing body of literature that 

supports the usefulness of citizen science as an educational tool in post-secondary 

education (Kobori et al., 2016; Kridelbaugh, 2016; Mitchell et al., 2017; Oberhauser & 

LeBuhn, 2012; Roche et al., 2020; Schuttler et al., 2018; Vance-Chalcraft et al., 2022). 

Students can benefit from participating in these types of experiences for course work 

and can continue to benefit after the course is done. Through this, we support students 

in lifelong learning, and provide them with a resource that they can share with others 

outside of the formal learning environment (Bonney, Ballard, et al., 2009; Bonney et al., 

2015; Dickinson et al., 2012; Pandya, 2012; Roche et al., 2020).  

Finally, the most common feedback students provided about the Squirrel Life 

Project is that they wanted a standalone data collection tool, like a mobile app, that 

would streamline data collection and that could be shared with family and friends. This 

success of the Squirrel Life Project in a first-year undergraduate biology course led to 

the development of the Squirrel Life citizen science mobile app, which takes a novel 

interdisciplinary approach to design and data collection by integrating ecological data 

(and associated spatiotemporal data) with user statistic data (e.g., how users engage 

and interact with the app). The app was developed based on principles for ecological 

research and data collection, citizen science project design, and experiential learning 

frameworks. The intentional design of this digital tool structures data collection to 

reduce deviation from collection protocols (thus reducing problematic data), while still 

providing flexibility to capture rare or unusual ecological observations (e.g., open text 

fields for detailed descriptions, ability to associate photos with observations). The 
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process of developing the prototype of the Squirrel Life mobile app and considerations 

for further improvement of the Squirrel Life Project are detailed in Chapter 3.  
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Chapter 3: Developing a Transdisciplinary Citizen Science 
Tool for Experiential Learning in Undergraduate 
Education: Squirrel Life in a Nutshell 

This chapter (Porter, Luo, et al., 2022) has been previously published in the 
International Technology, Education and Development Conference 2022 (INTED2022) 
Proceedings. It is included here with permission from the Publishers. 

Porter, E., Luo, M., Lit, B., McKechnie, I., Saha, J., Ratra, P., Lewis, N., Norman, Z.,    

          Cottenie, K., Jacobs, S., & Gillis, D. (2022). Developing a Transdisciplinary  

          Citizen Science Tool for Experiential Learning in Undergraduate Education:  

          Squirrel Life in a Nutshell. INTED2022 Proceedings, 1781–1790. 

 

This chapter presents the development of the Squirrel Life mobile app software 

to support integration of the Squirrel Life Project into post-secondary curriculum and 

community-engaged science. Accessible technology can provide opportunities to 

engage a greater diversity of people, such that more people benefit, and the resulting 

data are more representative and meaningful. This chapter explores the importance of a 

diverse and transdisciplinary team and approach to addressing challenges. 
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Abstract 

Pre-existing challenges of inequitable access to inclusive and meaningful science and 
education experiences have been widely exposed and magnified during the COVID-19 
pandemic. As the transition towards a post-COVID reality begins, it is critical to continue 
to actively address these challenges. However, these problems transcend disciplines 
and the traditional siloed approach to science creates inefficiencies in problem solving 
and developing solutions to address systemic problems. In this paper, we discuss the 
transdisciplinary approach we applied to address educational inequities, which allowed 
us to begin to solve problems and ask questions in other diverse disciplinary areas. 
Specifically, the Squirrel Life Project draws from and provides solutions to problems 
spanning the disciplines of Higher Education, the Scholarship of Teaching and 
Learning, Ecology, Computer Science, Data Science, Software Engineering, and 
Graphic Design.  
To demonstrate this approach, we present the Squirrel Life Project as a case study for 
the usefulness of transdisciplinarity in addressing diverse and seemingly unrelated 
challenges while considering three key design priorities. These include 1) Active and 
Experiential Learning, 2) Accessibility and Inclusion, and 3) Usability. These key design 
priorities were informed by the needs of the various stakeholders, which were 
determined through collaboration with educators, students, and community members. 
While many of these needs were directly related to challenges created by the COVID-19 
pandemic, these requirements resulted in an initiative and tool that is more inclusive, 
accessible, and overall superior to something we would have developed had these 
considerations not been made. 
Throughout the development process, we discovered additional benefits to participants, 
including support of physical and mental wellbeing, and fostering a sense of community. 
Squirrel Life started as a collaborative Google Spreadsheet, transitioned to a Google 
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Form to record field notes and data, then a free data collection app (EpiCollect5), and 
has finally evolved into the Squirrel Life citizen science mobile application for Android 
and iOS smartphones. The mobile app will expand the reach of the project beyond the 
Guelph community. The intentional design of the Squirrel Life Project and mobile 
application supports the integration of experiential learning into undergraduate science 
curriculum, and the creation of a citizen science project that engages individuals in 
large-scale environmental monitoring research. The EpiCollect5 trial version of the 
Squirrel Life app is currently in use by community members and over 650 
undergraduate students, and the public release of the official version of the Squirrel Life 
mobile app is imminent. 
Keywords: Citizen science, higher education, experiential learning, transdisciplinary, 
active learning, accessibility, inclusion, digital tool, usability, app development 

1 INTRODUCTION 
Equitable access to high-quality educational experiences is a long-standing challenge, 
particularly in large 1st year undergraduate courses. In 2020, these challenges were 
further exposed by the COVID-19 pandemic with the need to transition from in-person to 
virtual learning (Robertson et al., 2021; Thomsen et al., 2021). The hurried pivot meant 
experiential learning was often abandoned (but see (Jacobs et al., 2021; Robertson et 
al., 2021)) in favour of traditional lecture style delivery, further reducing accessibility to 
learning (Kuh, 2008), especially for students from underserved communities (e.g. 
(Haeger & Fresquez, 2016)). While the COVID-19 pandemic opened our pedagogy to 
more accessible ways for students to engage in class, it also challenged us to reduce 
barriers to experiential learning.   

1.1 Active and Experiential Learning 
Experiential learning (EL) programs can provide high-quality, authentic experiences to 
undergraduate students and enhance transferable and discipline-specific skill 
development and knowledge acquisition (D. Kolb, 1984; Stains et al., 2018; Thiry et al., 
2011; Wurdinger & Allison, 2017), especially for students from poor and working-class 
backgrounds (Astin, 1993; Owen et al., 2021). Experiential learning involves a cyclical 
process of having an experience, reflecting on the experience, learning from and 
connecting it to existing knowledge, and then applying what is learned (D. Kolb, 1984). 
Through this approach learning is viewed as a process where knowledge is continually 
formed and reformed through experiences and reflection (Bruner & Bruner, 1966; D. 
Kolb, 1984). This process gives students the skills, knowledge, confidence, and 
opportunity to engage in higher order thinking (Sivalingam & Yunus, 2017). 
In most post-secondary programs, opportunities for EL increase with program stage, 
such that upper year students have more opportunities available to them than 1st year 
students. Though the cost of offering an EL opportunity can be higher than traditional 
lecture style lessons (e.g. (Ellmann & Kruse, 2015)), there is evidence that early 
exposure to EL provides an enhanced benefit to student learning (e.g. (Aukes et al., 
2008)). Training for an EL opportunity can come in many forms, including passive 
learning modules, or even no training at all. A 2018 survey of STEM higher education in 
North America found that ‘traditional lecturing’ remains the dominant pedagogy (Stains 
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et al., 2018) despite significant evidence supporting other more effective and inclusive 
techniques. Though active-learning teaching techniques are generally regarded as best-
pedagogical practice (Freeman et al., 2014), high-intensity active learning can narrow 
learning gaps, especially for students from equity-seeking communities, and providing 
them within core curriculum reduces barriers to access (Theobald et al., 2015). Given 
the clear benefits of active EL, equitable access to opportunities should be prioritized. 

1.2 Transdisciplinarity 
To foster EL and research opportunities at the undergraduate and graduate level there 
has been a call to develop more transdisciplinary education and research opportunities 
(Gillis et al., 2017; Jacobs & Gillis, 2016; McPhee et al., 2018; Polk, 2015). These 
opportunities are purposefully designed around a ‘real-world problem’ (Thompson Klein 
et al., 2001) to build teams of students, community partners, researchers, and others to 
work collaboratively in ways that transcend disciplinary approaches to solve these types 
of challenges. Transdisciplinary team-based approaches have also been important in 
the development of numerous technology-based solutions that address, for example, 
the Digital Divide (Durish et al., 2021), the need for community-based environment and 
health monitoring (Bernardo et al., 2021; Sawatzky et al., 2020), and food insecurity 
(Korzun et al., 2013, 2014). In each of these examples, the development of technology-
based solutions required the contributions, expertise, and lived experiences of many 
individuals from a diversity of backgrounds. Transdisciplinarity is necessary to ensure 
that the solutions serve a diverse range of needs - from those of the researchers and 
community leaders, to the users of the various tools that were created. 

1.3 Accessibility, Inclusion, and Usability 
Accessibility and inclusion can be considered from several perspectives including, but 
not limited to, equitable access to opportunities, data availability and access, and the 
accessibility of digital tools. From an educational viewpoint, achieving accessibility and 
inclusion in science education and EL requires more than including a diversity of 
people. To provide truly equitable access, the principles of inclusion must extend to 
pedagogy, learning materials, physical spaces, digital tools, and technology, so that all 
participants are engaged and have equal opportunity to participate in high-quality 
learning experiences. Connecting EL with curriculum is becoming more common, as 
either an independent curricular component (EL experiences completed for credit) or 
course-based (EL used as a pedagogical technique and embedded within a course) in 
an attempt to increase accessibility (Auchincloss et al., 2014). Even still, the design of 
some opportunities creates barriers. For example, traditional field work courses are 
financially expensive, require students to take time away from prior responsibilities (e.g. 
family, work), and can have physical requirements that make them inaccessible. In 
these situations, the onus is again placed on the individual student to self-advocate and 
find their own accommodations (Bingham, 2021). 
In the context of software and digital tools, developers in Ontario, Canada must 
consider the Accessibility for Ontarians with Disabilities Act (AODA, (Government of 
Ontario, 2005)) so that software is accessible to everyone. This involves considering 
accessibility design at all stages of software development to ensure access regardless 
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of a person’s status or accessibility needs. A key component of this is the usability of 
technology and digital tools. Specifically, usability encompasses how easily a user can 
access and navigate an interface without training (Nielsen, 1994). Ideally, the design of 
software should be simple enough that a user can execute basic functions without 
instruction. 

1.4 The Squirrel Life Project 
Citizen science engages untrained individuals and members of the public in scientific 
research (Bonney et al., 2009) and is a powerful tool for providing authentic 
opportunities for undergraduate students to build and practise research skills (e.g. 
(Mitchell et al., 2017; Oberhauser & LeBuhn, 2012)), and other discipline-specific and 
transferable skills (Kobori et al., 2016; T. Phillips et al., 2018; T. B. Phillips et al., 2019). 
A combined framework of citizen science and EL was used for Squirrel Life because of 
similarities in learning outcomes (Bruner & Bruner, 1966; Gilbert et al., 2014; Kobori et 
al., 2016; A. Y. Kolb & Kolb, 2005; T. Phillips et al., 2018), and the capacity of citizen 
science programs to be highly scalable and support many participants. Additionally, 
citizen science invites communities to engage in scientific research, and therefore 
citizen science models and best-practices may naturally address accessibility and 
inclusivity (Heinisch, 2021), and many projects uphold these elements (save for those 
that require expensive or specialized equipment to participate). In fact, the accessibility 
of a citizen science project influences how successful and long standing it is (Chase & 
Levine, 2016). Access to data and information generated by these projects is an 
important consideration, and citizen science projects with web-based data portals (e.g. 
iNaturalist (https://www.inaturalist.org), eBird (https://ebird.org), Marine Debris Tracker 
(https://debristracker.org)) put the data back into the hands of the people who collected 
it. 
The Squirrel Life Project combines the design priorities of active EL, accessibility and 
inclusion, and usability in a citizen science project to offer an inclusive framework for 
engaging undergraduate students in meaningful science and authentic research, 
regardless of skill or experience. We achieve this by reaching beyond the boundaries of 
academia and disciplinary silos to actively engage students and the community in 
ecological citizen science research. In this paper, we present the transdisciplinary 
approach taken to create the Squirrel Life mobile app and web-portal, prioritizing three 
key design priorities: 1) Active and Experiential Learning, 2) Accessibility and Inclusion, 
and 3) Usability. These priorities were chosen through collaboration with educators, 
students, community members, computer scientists, software engineers, and data 
scientists. Complementary to our design priorities, we recognized it was critical to 
design the project to flexibly support student learning while not overburdening 
instructors. An early version of the Squirrel Life Project was successfully introduced as a 
pilot in a 1st-year undergraduate biology course during January to April 2021 (see 
(Robertson et al., 2021)), and feedback was used to inform and refine app 
development. 
 
 

https://www.inaturalist.org/
https://ebird.org/
https://debristracker.org/
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2 METHODOLOGY 
Designing Squirrel Life was a collaborative transdisciplinary process that required the 
expertise and contributions of team members from numerous disciplines. The tools 
developed support research questions from multiple domains, with a preliminary focus 
on biology and pedagogy. Throughout the process accessibility and inclusion were 
considered in the context of how people can access and participate in the Squirrel Life 
Project, and from a computer science/design perspective. 

2.1 Active and Experiential Learning 
The Squirrel Life Project is designed using evidence-based experiential learning criteria 
developed by the Ministry of Colleges and Universities (MCU, 2017; (Curricular 
Experiential Learning Categories and Criteria | Experiential Learning, n.d.)). Fig. 1 
illustrates the 6 criteria in the context of Squirrel Life. To participate in the Squirrel Life 
Project, students go for walks on safe outdoor trails (or sit and watch from a 
window/safe outside space) to observe and record squirrel behaviours. To support 
students in equitable access to the EL opportunity we prioritized flexibility in three ways: 
time, location, and participation method. Time: The Squirrel Life Project and assignment 
submission was open for 9 weeks of the 12-week semester so students could plan 
around other deadlines and commitments to complete the project. Location: Squirrels 
are the focal species because they have a near-global distribution (except much of 
Oceania, Chile, Southern South America, and Saharan Africa; (Fabre et al., 2012)). To 
support students who could not find squirrels or who live somewhere without squirrels, 
we included an “Other” option so they could choose a different species (e.g. pigeons, 
cats) and observe it using the same protocols and collect data with the same tools. 
Participation method: students participate in Squirrel Life by either going for a walk to 
observe squirrels or completing a stationary observation (looking out a window or sitting 
outside). We also provide a fully virtual option (watching a livestream animal cam). In 
the future we hope to set up a fully virtual “Squirrel Cam” option. 
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Figure 1: Experiential Learning Criteria (MCU, 2017; (Curricular Experiential Learning 
Categories and Criteria | Experiential Learning, n.d.)) in the Context of Squirrel Life 
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2.2 Mobile Application Development 
Prior to designing the mobile application, the biology team collaborated with students, 
community members, researchers, and naturalists to understand what each would want 
in the project using a digital tool. Based on early versions of Squirrel Life (a Google 
Sheet and a Google Form), the recurrent themes in the feedback were: 1) a more user-
friendly interface, 2) the ability to easily record more detailed observations (beyond just 
a point-count), 3) GPS tracking to automatically record the walking route and location of 
squirrel observations, and 4) a platform to easily explore the data. 
To support the design of the Squirrel Life tools, an Agile software design process was 
used (Beck et al., 2001; Cockburn, 2007). We began by identifying a set of 
requirements over the period of several weeks at the beginning of May 2021. 
Specifically, we held several virtual team meetings to: 1) discuss the overarching goals 
and needs of the software, 2) identify the different types of users, and 3) describe the 
specific functionality required to support active and experiential learning, accessibility 
and inclusion, and usability. We documented the requirements using a shared Google 
Sheet to allow for easy access and editing. The process of identifying requirements also 
involved describing specific actions and functionality that each type of user would 
require. While the list of requirements would not be considered exhaustive, they 
provided sufficient detail for the design team to understand the minimum viable product 
and functionality that might be developed for future versions of the tools. Once the team 
was satisfied that the requirements adequately described the intended tool, we 
categorized each requirement as a must, should, could, or won’t. This was done 
independently among the members of the team before we gathered virtually to finalize 
the categorization of each requirement. If team members categorized a requirement 
differently, a discussion was had to reach consensus. 
Next, the design team began building paper (e.g. Fig. 2) and wireframe prototypes using 
Google Drawings on Chrome (version 96.0.4664.55), and Adobe XD (version 21.0.12). 
This helped the entire research team visualize the process flow of the mobile application 
and the web-portal while remaining virtual, and to ensure that the design team 
completely understood the pedagogical and research needs of the tools being 
developed. The prototypes were presented to the research team during virtual meetings 
over several weeks during May and June of 2021 to collect feedback. The design was 
also shared with non-research team members (specifically students and community 
members) to collect informal feedback from the end-users. Feedback was used to refine 
or extend the list of requirements, and to update and improve the prototype.  
Once the research team was satisfied with the prototype design, the design team began 
to implement the Squirrel Life mobile application (React Native, version 0.66 
https://reactnative.dev/) and web-portal (React, version 17.0.2 https://reactjs.org/). 
React Native and React were selected to allow for ease of development for both iOS 
and Android devices and for the web-portal, and allowed for the development of 
responsive tools. A PostgreSQL (12.8) database was created to house data collected 
via the apps. To protect database integrity, an Application Programming Interface (API) 
was created. A GitHub repository was used to share and manage Code. 

https://reactnative.dev/
https://reactjs.org/
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To test the Squirrel Life app before release to the Android and iOS App Stores, the 
research team conducted extensive testing. Multiple test accounts were created, and 
testing was done in the field with real data to ensure the pathway through the various 
stages of signing in, logging observations, and submitting data were seamless and 
accessible in all the relevant settings. This allowed the design team to narrow in on any 
specific issue, such as crashes, or other user-interface malfunctions, that would impair 
user experience. When issues were discovered, they were communicated to the design 
team via a shared Google Sheet, and categorized by importance in collaboration with 
the end-users, ensuring the most significant issues were addressed first. We also 
involved testers who had no prior connection or experience with the Squirrel Life Project 
to simulate a brand-new user navigating the app without knowledge of the design 
process or what exactly the app is supposed to do. 
Acceptance testing and end-to-end testing were used to evaluate the overall flow of 
Squirrel Life, and how a user might interact with it. This included testing edge cases 
whenever user input was required. User acceptance testing was used to understand 
how users might engage with the application and improve usability. To facilitate quick 
development and continuous acceptance testing, we collected feedback using Apple 
TestFlight and testing groups on the Google Plays Store. This was done with every 
update to ensure we understood what users liked or did not like about Squirrel Life. The 
design team also made any necessary upgrades or corrections to the mobile 
applications based on feedback from both the Android and iOS stores. 
To improve the usability and accessibility of the mobile applications and the web-portal, 
special considerations were made to accommodate several legal requirements within 
Canada and the province of Ontario. These included the AODA, the Personal 
Information Protection & Electronic Documents Act (PIPEDA 2000, 
https://www.priv.gc.ca/en/), and the Canadian Anti-Spam Legislation (CASL 2010, 
https://fightspam.gc.ca/eic/site/030.nsf/eng/home).  
While the official Squirrel Life app undergoes final revisions and review by the App and 
Play Stores, we use EpiCollect5 (https://five.epicollect.net/) to collect and store data 
similarly to how the Squirrel Life app will. The temporary use of EpiCollect5 makes it 
possible for us to further test data collection protocols, and start building excitement in 
the community for the launch of the official Squirrel Life app.  

3 RESULTS 

3.1 App Design 
Following an Agile design process, a non-exhaustive set of requirements were identified 
for each of the various users. User labels included: student, citizen scientist, instructor, 
researcher, and administrator. Each user was assigned specific roles within the Squirrel 
Life tools. Briefly, students and citizen scientists can record squirrel sightings and view 
pervious data. Students can submit data to a class database to have it marked and 
tracked, or they can submit it to the general database where it would not be considered 
for their classes. Instructors can view and manage all the data from their class. 
Researchers can create a research project and view and manage the data for that 

https://www.priv.gc.ca/en/
https://fightspam.gc.ca/eic/site/030.nsf/eng/home
https://five.epicollect.net/
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project. Administrators can add and remove users, assign user roles, and access and 
manage all data.  
During the design process, the design team considered colour choice, visual aids, and 
layout to ensure the user interface would be easy to use. We also ensured the user 
could reverse as many actions as possible (by clicking a back button), and those that 
could not be undone had an additional pop-up to confirm the choice. The interface was 
made intuitive to use by limiting the number of menus, pop-ups, and other distractions. 
For example, creating and submitting a squirrel observation was broken up into multiple 
small steps, each on a different page. A user 1) selects “ADD A SQUIRREL SIGHTING” 
(Fig. 2), 2) selects the species of squirrel (represented pictorially and textually), 3) 
selects the behaviour(s) of the squirrel, then 4) confirms the data and ends the 
observation. This supports the learnability of the app by streamlining the process that a 
user goes through to create and submit data.  
The memorability of the overall user flow is supported by specific symbols and clear 
labelling on buttons and tabs. This ensured that no matter how much time passes 
between any two instances of a user using the application, they will be able to 
remember or easily relearn how to use the tool. We also ensure the user feels their 
contributions matter via an easy-to-use feedback system, which reminds the user that 
their thoughts and data are important, helping to improve their satisfaction with the app.  

 

                           

Figure 2: The Squirrel Life App from Concept to Completion. 
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3.2 The Squirrel Life Project 
The Squirrel Life Project supported instructors in providing active experiential learning to 
students located around the world. Once the materials were created, the project took 
less than 1 hour to set-up on the Learning Management System (LMS). Over the 12-
week semester, less than 5% of the class requested help. Those that did were directed 
to instructions/FAQs provided on the LMS, and most students were able to resolve their 
issues independently. Facilitating this took fewer than 3 hours and was handled by a 
Teaching Assistant as part of their contracted hours. Students did very well on the 
assignment with an average grade of 96%. To date, more than 2,000 students have 
participated in the Squirrel Life Project from 5 continents: North and South America, 
Africa, Asia, and Europe.  
The continued success of the Squirrel Life Project is best demonstrated by student 
feedback. In a previous offering of Squirrel Life students reported that participating in 
the project benefited their mental health and gave them a greater appreciation for their 
natural surroundings (Robertson et al., 2021). This, and other themes, were echoed 
again by students during the Fall 2021 offering: 

“This project was super fun and definitely a mental health booster. Sometimes 
you need things that force you to do something you really need. Thank you!” 
“I feel I learned a lot throughout this project. I found myself going out more for 
walks with my friends and taking more time to look at my surroundings. Taking 
time for nature and myself has helped immensely over this past week and I think 
this project will be very beneficial to students in the long term.” 
“I really enjoyed going on a little walk this day, I felt very stressed and getting 
fresh air really helped me to calm down and provided me with a little break which 
I needed.” 
“Overall, I found it interesting to be doing some real-life animal observations, and 
actually quite fun. I think this was one of my favorite parts of the course this year. 
Thank you!” 
“I found this activity to be very helpful in that it enabled me to take time away 
from sitting at my desk to go out on a relaxing walk. Part of what allowed my 
mind to relax while on this walk is that I still felt like I was being productive as far 
as completing schoolwork. So, thank you for presenting me with the opportunity 
to participate in this scientific research activity, it was a lot of fun!” 

The Squirrel Life Project is the beginning of a long-term research project which will 
generate a large dataset for ecology (squirrel data), pedagogy (participant data), 
community-engaged (citizen science), and computer science (participatory-design, open 
source) research. Uniquely, most ecological citizen science data is presence-only data 
(Feldman et al., 2021), but the Squirrel Life Project collects presence-absence data. 
That is, participants can submit an observation activity whether or not they observe any 
squirrels.  
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4 CONCLUSIONS 
Our integration of citizen science and experiential learning comes at a time when the 
need for systems approaches, inclusive education, and barrier-reduced access is more 
broadly realized. The benefit is that now we are better able to identify outcomes; where 
in the past, these learning opportunities may very well have supported student mental 
health, now we hear our students say it directly to us. We are grateful to our students for 
their careful feedback, which has allowed us to expedite our efforts. We have been able 
to respond to feedback about access with small modifications such that students living 
in urban mega-city centers are able to engage at the same levels as those living in rural 
desert communities. Further, our transdisciplinary design approach has resulted in a 
program that can serve many needs and our users have become inspired to share their 
visions for what we might do next. An important next step to ensure Squirrel Life is fully 
accessible will be to set-up a “Squirrel Cam” livestream to support fully virtual 
participation. Necessary modifications will be made to the Squirrel Life app to support 
data collection for this participation option. To the app itself, these future developments 
include expanding the pre-set species options, allowing for customization, adding photo 
functionality, view map functionality, and other features. To the database, we intend to 
design a researcher portal as the data accumulate, to make the data easily accessible 
for future research.  
Ultimately, the Squirrel Life Project will be used to reimagine citizen science and 
experiential learning to support inclusive and accessible high-quality experiences for 
students and the broader community. This will facilitate learning and engagement with 
nature to empower people to make a difference in their local communities to protect the 
natural world. 
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Chapter 4: Curricular Nature-Based Learning in Higher 
Education to Support Mental and Environmental Health 

This chapter (Porter, Beltran, et al., 2022) has been previously published in Health 
Science Inquiry Volume 13: Climate Change and Health 
(https://healthscienceinquiry.com/). This paper was awarded Top Submission of the 
Year, and for this distinction we presented the paper at the 10th Annual Fear Memorial 
Conference – Planetary Health and the Climate Crisis: Our Planet, Our Health, Our 
Responsibility. It is included here with permission from the Publishers. 

Porter, E., Beltran, M., & Jacobs, S. (2022). Curricular nature-based learning in higher  

          education to support mental and environmental health. Health Science Inquiry,    

          13.  

 

This chapter presents a framework for nature-based learning in higher education 

which, taken together with the results of Chapters 2 and 3, demonstrates the 

importance of experiential education and environmental engagement in post-secondary 

curriculum. With an intentional approach to integrating these components, students are 

provided the tools and empowerment (as a by-product of the learning experience) to 

experience the mental health and well-being benefits that result from connecting with 

nature. In Chapter 2, students who participated in The Squirrel Life Project reported 

improvements to their mental and physical health, and a greater awareness of their 

natural surroundings. 
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Abstract  

The relationship between human health and nature is increasingly recognized in 

diverse health science and environmental disciplines, demonstrating the fundamental 

interdisciplinary connection between humans and the natural environments we live in. 

Human-nature connectedness and a positive human-nature relationship have positive 

effects on mental health and well-being, and environmental benefits in the form of pro-

environmental attitudes and behaviours, including environmental stewardship. However, 

nature deterioration associated with the climate crisis can directly and indirectly 

negatively impact human health, including mental health. The complex interconnections 

between mental health and nature in the context of the climate crisis, require a broad 

interdisciplinary perspective to understand the diverse elements contributing to and 

stemming from the global climate crisis. Yet, it is unrealistic for an individual person or 

even a community to address the entirety of the problem. Instead, individuals and 

communities should focus on implementing meaningful changes on a smaller local 

scale, which can be adapted and expanded for systemic implementation. One potential 

strategy is through education. There is strong evidence to support the mental health and 

environmental benefits of outdoor education, nature-based learning, and nature-based 

experiences, but these models focus on restricted age groups and may have 

considerable barriers to access. In this paper, we offer suggestions to empower 
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individuals to make meaningful positive changes in their local environments for their 

own mental health, with the hope it will act as a path towards systemic change through 

embedding a model of curricular nature-based learning into education systems, 

including higher education. 

Introduction 

There is no shortage of complex challenges present in the world today, including 

food insecurity, poverty, accessible education, sustainability, and the climate crisis  (1–

4). These multifaceted challenges, known as ‘wicked problems’, have complex causes 

and wide-reaching consequences such that no single solution can be derived from an 

individual disciplinary silo (5). Therefore, mitigation strategies must also be multifaceted 

and apply a systems-thinking approach to consider the ‘big picture’ and the 

relationships between various components, instead of considering each element in 

isolation (3,6). At the forefront of these wicked problems is the climate crisis, which 

describes the irreversible damage to the climate and environment caused by global 

warming (gradual increase in the temperature of the earth’s atmosphere) and climate 

change (long-term shifts in temperatures and weather patterns) (7–9). 

Calls to action, and the actions themselves, are influenced by the mental health 

of those in positions to act. Feelings of eco-anxiety, eco-grief, eco-anger, and eco-

depression are all drivers of either engagement with or dissociation from environmental 

programs or action (10). Although mental health has traditionally been neglected in 

human health research, recent work includes recognition and exploration of the diverse 

elements that contribute to mental health (11). Through a systems-thinking approach 

the relationship between mental health and the climate crisis is realized, with increasing 
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evidence to support the interactions between these elements (7,12–15). Progress 

towards this understanding is reflected in human-nature connectedness (16–18), and 

explored through One Health (an integrated approach to optimizing human, ecosystem, 

and animal health) (19). Understanding the connections between nature and mental 

health provides us the opportunity to design and implement strategies on individual, 

local, and broader systemic levels, all of which benefit the environment and personal 

well-being.  

Although a variety of nature-based experiences are successful in elementary and 

secondary level education, adult learning is excluded (20). To maximize the impact for 

adult learning, it would be most efficient to use the extensive pre-existing post-

secondary education system for an implementation starting point. 

In this paper, we explore the connectedness between nature and mental health 

with a focus on solutions for personal mental health and local environmental health 

benefits. Then, we assess the existing models of outdoor education, nature-based 

learning, and nature-based experiences to create an integrative model for curricular 

nature-based learning in higher education. 

Nature as an Influencer of Mental Health 

The significant benefits of spending time in nature on mental health are well 

documented (21–23). While longer, more immersive nature exposures are most 

beneficial, even short exposures are valuable (24,25). The connection between nature 

and mental health is thought to be related to multiple factors, including the biophilia 

hypothesis, stress reduction theory, and attention restoration theory. The biophilia 
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hypothesis is based on the innate tendency of humans to seek out nature connections 

(26,27). Stress reduction theory is centered on the stress-lowering physiological 

response associated with spending time in nature (28,29), while attention restoration 

theory postulates that time in nature restores cognitive resources and engages 

involuntary attention (i.e. noticing something because it stands out, not because one is 

focusing on it) (30,31). The positive effects of nature exposure on mental health are 

thought to be the result of a combination of these and other factors that are not yet fully 

understood.  

Spending time in nature also influences attitude and behaviour, which may be 

attributed to human-nature connectedness (the feeling of being a part of nature) (32), or 

the human-nature relationship that extends beyond to include actions and experiences 

that connect people to nature (18). Increased connectedness to nature is associated 

with greater pro-environmental attitudes and behaviours (e.g. environmental 

stewardship) (Figure 1) (33–36). As such, it is reasonable to predict that the climate 

crisis and associated nature degradation negates these benefits (7), and the climate 

crisis negatively impacts mental health. For example, disconnecting from nature leads 

to devaluation of nature and weakens the human-nature relationship, fueling 

environmental neglect that contributes to climate change (37,38). Concepts like “eco-

anxiety” (11,39) and “eco-grief” (40) describe the psychological response (e.g. anxiety 

and grief) and persistent worry associated with witnessing irreversible environmental 

damage. For some people, simply being aware of the climate crisis contributes to poor 

mental health (41). Taken together, an understanding of the mental health-related 

effects of climate change, and the current knowledge of the benefits incurred from 
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spending time in nature, support development of prevention and mitigation strategies 

that can serve as a path towards personal and systemic changes.  

Towards Environmental and Mental Health 

There are many nature-based initiatives that can result in significant gains to 

personal mental health while supporting individual efforts to reduce environmental harm. 

Spending time in and with nature improves mental health by connecting people with 

their natural surroundings (Figure 2), and this can empower them to make 

environmentally beneficial changes. For example, birdwatchers are aware of the role of 

birds in the ecosystem and recognize the overall importance of biodiversity (42). 

Ecotourists report donating more money to environmental organizations after their 

experiences (36). Hikers pick up trash to conserve the beauty of the natural spaces they 

visit (43). Each of these small efforts support nature and wildlife.  

To maximize opportunities for people to participate in these types of activities 

and increase accessibility to nature, communities should work towards increasing 

access to urban greenspace (44–46). Accessible nature spaces are especially 

important because the rapid speed of urbanization makes communities more vulnerable 

to climate risk (e.g. heat waves, flooding, natural disasters), and disproportionately 

impacts those who are marginalized and equity-deserving (47,48). Urbanization 

threatens biodiversity by causing habitat fragmentation and reducing greenspaces, 

which negatively impacts people through reduced ability to access nature (49).  

Greenspaces provide direct benefits to the environment, like cooling effects and 

carbon sequestration in urban landscapes (50–52), and they can be further enhanced 
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through the addition of native flora, shelter or nesting structures, food, and water, to 

provide wildlife with usable habitat (e.g. wildlife gardening) (38,53–56). These spaces 

provide links for wildlife between large established natural spaces, and a place for 

humans to connect with the natural world and develop an understanding of the value of 

such spaces. Greenspaces with greater diversity of native plants and supplemental food 

sources are more beneficial to native animal species, lead to increased wildlife diversity, 

and are associated with increased wildlife sightings in urban landscapes (38,53,57,58). 

Actively engaging communities can foster an awareness of the need for their 

local and federal governments to address the climate crisis (59) and should encourage 

the government to consider the mutually beneficial outcomes of integrating mental 

health and environmental action programs. For example, nature spaces and exposures 

provide individuals and communities with access to significant cultural ecosystem 

services (non-material benefits from nature) like recreation, leisure, and mental health 

benefits (60,61). The mechanistic pathways that explain nature-related mental health 

benefits are complex, but increased nature (e.g. increased vegetation cover, higher 

species abundance, more time outside) is consistently associated with reduced 

prevalence and severity of mental health challenges like depression and anxiety 

(23,60,62). A variety of psychological pathways may explain this; for example, going for 

nature walks reduces rumination, and reduced rumination has a known link to reduced 

risk of depression (62). Further, Scopelliti et al. (63) found that spending time in natural 

areas is psychologically restorative, more so than spending time anywhere else 

including enjoyable human-made settings.  
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The protective effects of nature on mental health appear to be most significant 

during childhood and adolescence, and for individuals from low income and 

marginalized groups, which are the communities who are also more likely to experience 

the negative health effects of climate change (7,64–67). Despite the clear benefits for 

bringing nature to people, activities like citizen science (scientific research by members 

of the public) (68) and ecotourism (responsible travel with a focus on nature, 

conservation, and education) (69,70), or community greenspaces (71), are often 

inaccessible. There is a call for increased accessibility and universal design in these 

initiatives (72–74), indicating that these opportunities should be woven into existing 

social services that are widely accessed by individuals and communities to facilitate a 

systemic approach.  

A Systemic Approach for Long-term Change 

To have the greatest impact, initiatives should be introduced early on in a more 

equitable and accessible way. While many nature-based projects, such as citizen 

science programs, are available around the world, in some cases they are less 

accessible than formal education. For example, they rely on participants being able to 

volunteer time and transportation, often skewing the sociodemographic and geographic 

distribution of those able to participate (75–78). And yet, the mental health benefits 

should be available to all. Embedding nature-based experiences deliberately within 

systems of education adds value and support to participation, reduces barriers to 

access (but does not eliminate them entirely), and may yield significant societal benefits 

worth considering.  
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The mental health, well-being, and learning benefits associated with outdoor 

learning for elementary and secondary school students and teachers are well 

documented and programming is broadly practiced  (79–83). These outdoor 

experiences are diverse in format, ranging from semester-long field schools to short 

modules woven into core curriculum. The skills taught during outdoor education 

modules are often those which can only be performed outdoors (i.e. orienteering, 

canoeing, birdwatching). Once a student reaches post-secondary education, formalized 

outdoor learning ceases almost entirely despite no evidence to suggest that the mental 

health and well-being benefits cease to be realized in adulthood. In fact, the limited 

research available indicates continued benefits for adult learners (84–86). Within 

Canada, the post-secondary outdoor and nature-based educational programing is 

largely restricted to elementary and secondary teacher training such as the Outdoor and 

Experiential Education track offered by the Faculty of Education at Queen’s University, 

or specific programs such as the Outdoor Adventure Certificate offered by Algonquin 

College. Access to outdoor or nature-based learning experiences is not broadly 

integrated into post-secondary education because university systems emphasize 

traditional instructional methods in classrooms and ignore learning needs that can be 

better served by outdoor learning spaces (20).  

Outdoor education programs prioritize learning outdoor-related skills, and do not 

specifically address the personal mental health and well-being benefits of the outdoor 

classroom. Nature-based experiences, with their focus on health and well-being, are 

often highly barriered to access. Nature-based learning, though focusing on the benefits 

associated with mental health and well-being, is usually only accessible to children, 
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often through the elementary and secondary school system. Therefore, an integrated 

model is required to retain those characteristics that could benefit adults across 

Canada. This model should remove the outdoor-skills specific learning outcomes of 

outdoor education and the barriers to access of nature-based experiences and retain 

the mental health and well-being benefits of both. Nature-based learning, with its 

emphasis on the mental health and well-being of the individual, if expanded to include 

adult students in post-secondary education, serves to overcome the challenges 

presented by outdoor education or nature-based experience models by being more 

easily accessible within the system of formal education (Figure 3). This curricular 

nature-based learning in higher education can be used as an intervention to move 

towards a positive cycle of environmental stewardship, environmental health, and 

human well-being (Figure 1). 

There are programs within the post-secondary education system that can serve 

as proof of concept for widescale expansion of curricular nature-based learning. 

Undergraduate programs in field ecology have a long tradition of outdoor education, 

where students learn to conduct scientific research in outdoor settings. Field courses, 

short trips to local natural areas, and other opportunities are regarded as commonplace. 

These outdoor experiences exist to meet specific learning outcomes associated with 

practicing ecology, yet the mental health and well-being benefits cannot be ignored. 

Robertson et al. (87) suggest that the mental health support that students received by 

engaging in a citizen science outdoor nature-based experiential learning assignment 

contributed to both short term enjoyment of learning (despite COVID-19 pandemic-

related stressors) and the long-term monitoring goals of the project itself. If these 
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exposures to nature through education are meaningful, just like participating in an 

ecotourism adventure, we could also predict that the benefits would extend beyond 

individual mental health and well-being to include environmental health through a 

heightened awareness of the need to engage in environmental stewardship.  

Though Robertson et al. (87) describe engaging students of a first-year university 

biology course in a squirrel biology citizen science project, we believe that nature-based 

learning is discipline agnostic and can be supported by almost any course in a variety of 

ways, all of which can improve the mental health of participants. For example, a 

mathematics course might include a module on mathematics in biological systems, 

requiring students to observe patterns in nature. A history course might include a 

module on the history of non-human organisms that requires students to visit with these 

individuals (e.g. native flora and fauna). With the dramatic rise in undergraduate 

students accessing educational accommodation for disabilities associated with declining 

mental health (88,89), the need for nature-based learning to be woven into all post-

secondary programs could not be greater. 

The limitations to widespread adoption of nature-based learning opportunities 

within the curriculum are not unique to this model, but a symptom of a larger hesitancy 

to adopt evidence-based teaching approaches (90–95). The reasons for hesitancy are 

well known and likely stem from lack of formal training in teaching practice (91,96,97). 

We contend that many of the perceived challenges to introducing nature-based learning 

opportunities within courses can be creatively overcome. In Robertson et al. (87), the 

nature-based learning module was offered in courses of over 950 first-year students in a 

core biology course, did not increase budget or teaching resources, did not take away 
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from in-class time or content learning, was not at an extra cost (financial or time) to 

students, and represented 5% of the final grade. While more resource intensive models 

exist, we do not consider resourcing to be an obligate feature of the model. The 

challenge of encouraging evidence-based teaching practices within post-secondary 

institutions is timeless and often each specific intervention has limited effect. Broadly 

though, programs supported by educational developers, teaching-focused hiring criteria, 

professional development programs, engagement in the scholarship of teaching and 

learning, and development of low-maintenance teaching modules, can all be used to 

encourage adoption. No single evidence-based practice needs to be used in every 

course and nature-based learning could be introduced in courses where instructors are 

enthusiastic to do so. 

One limitation that must be considered is access to natural environments. For 

example, a post-secondary institution that is situated in the middle of a metropolitan city 

may have limited access to nature. However, most campuses would still have access to 

some natural elements (e.g. trees on campus) and student mental health, in addition to 

learning, could benefit from deliberate interaction with them. For example, a first-year 

physics course at The University of Guelph has incorporated a nature-based learning 

module by having students measure the circumference of trees on or off campus.  

Since the overwhelming majority of research on nature-based learning is focused 

on children (16,98) there are many opportunities for future research within the context of 

understanding limitations and benefits of nature-based learning in post-secondary 

curriculum, and in measuring both the learning and mental health benefits. One item of 

particular importance would be to assess attitudes and motivations of students and 
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instructors to facilitate wider adoption. Subsequent research could then focus on best 

practices, minimum program requirements, and specific mechanisms by which the 

benefit is delivered.   

Conclusion 

The climate crisis is causing irreversible damage to the environment, and this 

puts human health at risk in numerous ways. By promoting nature for mental health, we 

contribute to a culture of climate care that feeds back into improving mental health. 

Solutions for the climate crisis require multifaceted, interdisciplinary approaches 

including action from a diversity of people ranging from communities and individual 

citizens to government officials and organizations (54). One individual does not have – 

and does not need to have – the ability to change the whole world, but each of us does 

have the power to make small impactful changes in our own lives and local communities 

through our beliefs, attitudes, and actions as environmental stewards. These small, 

achievable initiatives are necessary to restore and maintain our natural world, but are 

not necessarily barrier-free, and are not feasible if people and communities feel 

powerless or hopeless (7). Although it is critical to understand the dire environmental 

situation, we must also provide people with the information, tools, and empowerment to 

do something about it. This is achievable on a local scale by increasing access to 

nature and is scalable to a larger systemic approach through the integration of 

accessible nature-based experiences into higher education programs. By ensuring that 

access to curricular nature-based learning is extended into all post-secondary 

education, we establish a framework through which a growing majority of our population 

could realize the health and well-being benefits with the potential to generate an 
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environmental health movement and the cultural shift needed to address the wicked 

problem of the global climate crisis.  

Land Acknowledgement 

The Dish with One Spoon Covenant speaks to our collective responsibility to 

steward and sustain the land and environment in which we live and work, so that all 

peoples, present and future, may benefit from the sustenance it provides. As we 

continue to strive to strengthen our relationships with and continue to learn from our 

Indigenous neighbours, we recognize the partnerships and knowledge that have guided 

the learning and research conducted as part of this work. The University of Guelph 

resides in the ancestral and treaty lands of several Indigenous peoples, including the 

Attawandaron people and the Mississaugas of the Credit, and we recognize and honour 

our Anishinaabe, Haudenosaunee, and Métis neighbours. We acknowledge that the 

work presented here occurred on their traditional lands so that we might work to build 

lasting partnerships that respect, honour, and value the culture, traditions, and wisdom 

of those who have lived here since time immemorial. 
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Figures 

 

Figure 1: Feedback cycles of 1) environmental stewardship, environmental health (e.g. 
pro-environmental behaviours, urban greenspaces, and the broader natural 
environment), and human health and well-being, and 2) environmental neglect (e.g. 
pollution, industrialization), degradation, and poor mental health. The intervention of 
curricular nature-based learning in higher education is proposed to encourage 
behaviours associated environmental stewardship and well-being.  
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Figure 2: A collection of nature pictures that highlight the beauty of greenspaces, along 
with animals that use those spaces. People are seen spending time in nature in a 
positive way. Individuals photographed have given consent for their image to be used. 
Photographer: Michelle Beltran. 
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Figure 3: Representation of the current models of outdoor and nature-based learning, 
and the proposed model of curricular nature-based learning to extend to higher 
education and adult learning. 
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Chapter 5: Epilogue 
5.1 Overview of the Thesis 

Taken together the chapters of this thesis create a narrative of the importance of 

engaging in high-quality scientific research for science advancement, and the critical 

role this engagement plays in learning and education, human health and well-being, and 

environmental health. With this thesis, I present the use of the Squirrel Life citizen 

science project as an accessible, high-impact experiential learning framework that 

engages students in learning and skill development, while also supporting mental health 

and well-being, and fostering nature connections. In Chapter Two, I presented a study 

of students in a first-year undergraduate biology course and their perceptions about 

citizen science, experiential learning, and science and biology in general. Students 

reported participating in the Squirrel Life Project helped them to gain experience in 

discipline-specific and transferable skills in a fun and accessible way that they would not 

have been able to access outside of the course. The results of this chapter provide 

support for using accessible citizen science projects as an impactful experiential 

learning opportunity for students. In Chapter Three, I described the process of working 

with a transdisciplinary research team to create a mobile application to support the 

integration of the Squirrel Life citizen science project into curriculum to further enhance 

accessibility and inclusion. This chapter emphasizes the importance of accessible and 

intuitive design, and the value and efficiency of working with a transdisciplinary team to 

address challenges that span multiple disciplines. In Chapter Four, I discussed mental 

health and well-being benefits that further rationalize the importance of engaging post-

secondary students in nature-based activities, like citizen science, and proposed a 
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framework (curricular nature-based learning) for doing so. This would support an 

increasing trend towards connecting individuals with their surroundings while providing 

meaningful learning opportunities in and out of the classroom. Collectively, these 

chapters demonstrate a deeply interdisciplinary effort to combine education and 

pedagogy, community-engagement, technology, and ecological concepts to improve the 

lives of individuals and their local communities. By taking simple steps to adapt and 

intentionally integrate opportunities like citizen science projects, and more broadly 

nature-based learning, into post-secondary curriculum we can support students with not 

only quality education, but also experiences that benefit their physical and mental health 

and well-being that they may not access otherwise. Additionally, connecting students to 

nature through learning provides the unique advantage of allowing learners to explore 

and develop their own personal understanding of our natural world and environmental 

conservation, empowering them to be environmental stewards and make positive 

change in their own lives and communities. 

5.2 Future Research 

Equipped with the understanding of the importance of nature-based learning and 

the benefits of using citizen science as an experiential education technique, citizen 

science in the context of accessible and inclusive science and nature experiences 

warrants further investigation. This also presents the opportunity to address another 

challenge in citizen science, that of the inherent bias that occurs in most ecological and 

environmental data collection and knowledge generation, which is exacerbated by the 

disparity of who participates in citizen science. For example, citizen scientists are 

disproportionally of higher socioeconomic status, white, and have received more formal 
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education (Blake et al., 2020; Mac Domhnaill et al., 2020; Walter et al., 2018; Wine et 

al., 2015). This means that using citizen science data to compare between regions can 

dramatically skew the results based on who has participated in data collection, and 

when and where the data has been collected. Disparities in demographic characteristics 

of citizen science participants compared to the general population introduces bias in 

ecological data, weakens data analyses and interpretation, and conceals potentially 

significant problems (Bird et al., 2014; Blake et al., 2020; Burgess et al., 2017). 

However, citizen science is an important participatory research approach that 

does have the potential to facilitate equitable access to research and scientific data 

(Bonney, Ballard, et al., 2009; Brossard et al., 2005; Brouwer & Hessels, 2019; Cooke 

et al., 2020; de Sherbinin et al., 2021; Dickinson et al., 2012). As such, development of 

inclusive practices (also see Walter (2018)) should be prioritized to benefit citizen 

scientists, citizen science datasets, and usefulness for environmental, conservation, and 

biological research.  

Further, isolation of the datasets themselves reduces the utility of each to answer 

important ecological questions (Avolio et al., 2021; Liu et al., 2007; Stevens et al., 

2007). These issues are particularly significant to the natural sciences, specifically 

ecology, because emerging research suggests that sociodemographic variables (e.g., 

income, education, age, population density, and more) not only influence who 

participates in citizen science, but also how people participate and the bias they 

introduce into the data based on geographical location and other personal 

characteristics (Bird et al., 2014; Brouwer & Hessels, 2019; de Jonge et al., 2012; Mac 

Domhnaill et al., 2020; Pateman et al., 2021; Walter et al., 2018; Weckel et al., 2010; 
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Wine et al., 2015). This bias in ecological data extends to experienced professional 

researchers (Kardish et al., 2015; Zvereva & Kozlov, 2021), which has implications for 

data availability, consistency, usability, etc., and how data can be used to inform and 

implement policy and practice. My doctoral studies will use the Squirrel Life project and 

associated citizen science tools (described in Chapters 2 and 3) I have developed to 

advance knowledge in the natural sciences by integrating ecological datasets and 

overlaying them with individual and population sociodemographic data with the ultimate 

goal of reducing the impact of bias in ecological and environmental data. 

For my doctoral studies, I will build off the work presented in this thesis to 

integrate location-based ecological citizen science observations, pre-existing private 

and public datasets, user statistic data, and sociodemographic variables to examine the 

relationship between ecological data and observer sociodemographic characteristics. 

This will contribute to a better understanding of spatial relationships, patterns, and 

potential bias in ecological and environmental data/data collection, with the goal of 

improving ecological knowledge generation. The following four objectives will be used to 

guide this research. 

Objective 1: To quantify the relationship between ecological and 

sociodemographic data. I will achieve this by first leveraging existing ecological 

databases related to environmental and conservation research, then integrating this 

with data collected using the novel Squirrel Life app data collection technique. To 

develop and test statistical and Geographic Information System (GIS) data models for 

integrating these datasets and overlaying sociodemographic data, the study will be 

carried out in distinct localized areas (e.g., Wellington County, Greater Toronto Area) to 
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generate highly granular data. I will use this data to test specific hypotheses about the 

relationship between ecological and sociodemographic data and uncover nuanced 

information that may have been missed on a larger scale. Additionally, I will use 

statistical modeling (for example, logistic regression to estimate the probability of a 

citizen scientist making an observation based on both ecological and sociodemographic 

variables, as in Wine (2015)) and mapping of the integrated datasets to identify data 

poor and data rich areas (in both a geographic, and a disciplinary, context). 

Objective 2: To strategically collect data to fill data gaps and reduce bias in 

ecological and environmental data. Using the data from Objective 1, I will create and 

implement strategic evidence-based community engagement plans to gather missing 

ecological and environmental data with the Squirrel Life mobile app. Because place-

based research is critical, particularly in urban ecology, for the creation and delivery of 

knowledge, data, and decision-making tools (Tanner et al., 2014), I will develop an 

engagement model that can be refined and personalized based on community 

characteristics (e.g., location, socioeconomic status, surrounding land use, relevant 

ecological factors, and more), needs, and interests. Then, I will use statistical testing to 

determine if this strategic data collection engagement model has a statistically 

significant effect on the bias present in the ecological data. This will be incorporated into 

the statistical and GIS data models from Objective 1 to determine the influence on the 

models. Trialing these methods and protocols from Objective 1 and 2 on a small scale 

will ensure scalability and maximize research impact in Objectives 3 and 4. 

Objective 3: To use the statistical, ecological, and engagement methods and 

models refined in Objective 1 and 2 and test them on a provincial and national scale. 
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First, I will use Bayesian inference (De Lellis et al., 2019; Mugford et al., 2021) to 

determine the distribution of likely outcomes of implementing the methods and models 

to reduce bias in ecological data on a provincial/regional basis, considering variation in 

available ecological and environmental data, and sociodemographic variables. Based 

on these results, I will adapt the procedures for each province/region. Then, I will 

compare the results from across Canada by creating provincial/regional models to 

identify similarities and differences, and quantitatively evaluate and confirm the 

scalability of the models developed in Objectives 1 and 2. 

Objective 4: To actively implement the identified significance and contributions of 

this work into ecological and environmental research. Finally, using the statistical 

analyses and modeling, and innovative tools and methodology developed and tested 

extensively in Objectives 1-3, I will create a Canadian ecological and environmental 

data compendium. This will include an interactive digital map, where users 

(communities, academics, industry professionals) can find their local area or study 

location and access all available data. This compendium will include science research 

question support, where data will help inform the user what types of ecological and 

environmental questions may be answered in their region. With the refined protocols 

that have been proven on a small and large scale (Objective 3) and an understanding of 

the strengths and limits, I will use this tool to work with communities to create research 

programs and opportunities to advance knowledge in the natural sciences that is locally 

relevant and meaningful, while contributing to disciplinary development on a national 

scale. Further, this resource will provide a way for experts and specialists to identify 

opportunities to become involved and provide added-value to community-engaged 
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research. Through collaboration with communities and specialists, the Squirrel Life app 

can be updated to accommodate diverse study species and functional requirements 

based on ecological principles, researcher requirements, and other uses. 

Large scale ecological and societal challenges like the climate crisis, biodiversity 

loss, and resource inequities require a revolution in the way that we collect, access, 

use, and share data. By increasing access to integrated data, my doctoral research will 

increase quality community-led research initiatives (e.g., citizen science projects), long-

term research projects, and data-informed social and environmental policies. Integrating 

big datasets to reduce bias in ecological and environmental data and providing a 

platform to support research question generation will significantly advance meaningful 

and innovative research in natural sciences in Canada. 

5.3 Conclusion 

Overall, the results of my research demonstrate that it is possible to provide high-

quality, enjoyable experiential learning opportunities in large undergraduate classes in 

an accessible way with no to minimal additional resources. Through the creation of the 

Squirrel Life Project, we present an accessible tool and example of a framework that 

can be used to reduce barriers and improve access to science education in our local 

communities, and more broadly through systemic integration. While this contributes to 

meaningful scientific advancement, more importantly it calls for the inclusion of a 

diversity of people in this advancement to ensure creative and innovative perspectives 

and approaches are welcomed, recognized, and integrated in formal and informal 

academic and scientific spaces.  
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