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1  | INTRODUC TION

Online learning is defined as the use of technology to either wholly 
or partially provide instruction and mechanisms for students to meet 
and collaborate (Moore et al., 2011). With recent advances in tech-
nology, adoption of online learning has expanded significantly in re-
cent years (Canadian Digital Learning Research Association, 2019; 
Linder & Hayes, 2018; Major, 2016; Panigrahi et al., 2018) including 

teaching laboratory settings (e.g., Acosta et al., 2018) and teaching 
ecology is no exception.

With the COVID-19 pandemic and associated restrictions, in-
structors across universities are in the process of adapting or re-
designing their courses for partial or complete online and remote 
delivery. The changes required for this process depend on course 
content and online format (e.g., online synchronously/asynchro-
nously, or as a hybrid with online and in-person components) and are 
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extensive for courses in the natural sciences that include laborato-
ry-based activities. For example, we teach large introductory ecol-
ogy courses (150–400 students) with laboratories wherein students 
collect ecological data throughout the semester. Clearly, substantive 
changes must occur for the experiential nature of these courses to 
be maintained and course learning outcomes to be met. There is ex-
tensive literature regarding best practices in online teaching and to 
support this change in delivery format (Boettcher & Conrad, 2016; 
Linder & Hayes, 2018; Major, 2016; Nilson & Goodson, 2018), in-
cluding science courses (Kennepohl, 2016).

Here, we instead focus on describing how redesigning our labo-
ratories several years ago has helped move our courses, specifically 
laboratories, online while allowing us to meet our primary learning 
outcomes. We argue that a citizen-science element and assignments 
based on scientific reporting allow our students to carry out most of 
the crucial elements of a practical, hands-on laboratory in an online 
environment. We offer this as an example of how prior decisions 
were serendipitously beneficial and hope our example inspires fur-
ther adaptations and redesigns. Indeed, the benefits of collaborative 
online element of field ecology, including data sharing, extend far 
beyond the immediate transition to online teaching.

2  | ECOLOGY L ABOR ATORY REDESIGN IN 
2015–2016

2.1 | Impetus to redesign

We teach large introductory ecology courses (~150–400 students 
depending on the year) on two suburban campuses. Most students 
are in their second year of university study with two general intro-
ductory biology courses supporting their learning thus far. Ecological 
instruction at this stage in the degree is crucial for two reasons. First, 
an increasing proportion of students are from an urban background, 
with little to no direct personal experience in semi-natural or natu-
ral environments (Edwards & Larson, 2020; Li & Ernst, 2014). For 
instance, one student told one of us that he had never walked on 
unpaved paths before he began data collection in a field. Second, 
consistent anecdotal evidence from teaching second-year ecology 
courses suggests that the students’ connection to natural systems is 
decreasing over time, which parallels a decline in interest and knowl-
edge in natural history (Anderson, 2012; Tewksbury et al., 2014).

One of the goals of our courses is to provide students an oppor-
tunity to connect with an aspect of their surrounding that is likely 
new to most of them and typically does not form an important part 
of their daily experiences nor perceived emotional mindset. Indeed, 
learning in a natural setting is a logical choice for an ecology course 
because it provides numerous advantages. For instance, involve-
ment in data collection and/or observations, practical activities that 
are integral parts of the scientific process, can increase students’ 
confidence and engagement with this process (Kloser et al., 2013) 
and help develop their data literacy by interacting with “authen-
tic data” (Kjelvik & Schultheis, 2019). Similarly, working in field 

settings increases understanding of ecological concepts (Sheppard 
et al., 2010), as well as improve cognitive learning and performance 
(Easton & Gilburn, 2012). Learning in a field setting also helps in-
crease self-efficacy, GPA scores and graduation rates generally, but 
especially for students from under-represented groups (Beltran 
et al., 2020). Furthermore, the impacts of learning in a field setting 
extend beyond academics and provide mental and physical benefits 
for our students (McKinnon et al., 2016; White et al., 2019).

Most students in our courses indicate in informal discussions 
that they do not intend to become ecologists. We assume that 
this may be partially due to the view that ecology is not relevant 
for urban living and that ecologists are mainly white males (O’Brien 
et al., 2020) working in remote and exotic field settings. We can 
correct this perception by highlighting the numerous connections 
and links between ecology and subjects that students find more 
personally relevant. In particular, the emerging field of urban ecol-
ogy not only brings the activity of doing ecological field work from 
remote sites literally into students’ backyards, but it also highlights 
how ecological concepts, information, and models increasingly in-
form urban design and planning, architecture and communal policies 
(e.g., Grêt-Regamey et al., 2017; see also About page of Journal of 
Urban Ecology, 2020). Thus, the value of the field components in 
our course is to demonstrate that ecology does not have to be done 
in a “far away field,” but instead connects our students to their local 
environment and to the scientific process.

2.2 | Redesign

Using this framework, we redesigned our laboratory activities with 
four goals in mind (Table 1). We first wanted to give students a 
chance to experience their environment by leaving the confines of 
lecture halls and laboratory spaces. The type and intensity of learn-
ing changes based on the space in which it happens (Kirkby, 2014; 
Warkentin, 2011). By taking students out of their traditional learning 
spaces, and encouraging them to explore and collaborate with their 
peers in a range of on-campus open-air settings (Figure 1), we hoped 
the dynamic nature of their surroundings would inspire their curios-
ity and interest in the larger region in which they live, and to begin 
making connections with their own lives, backgrounds, and experi-
ences (Barnes et al., 2019). While our laboratories do not specifically 
focus on natural history, the second goal was to gently introduce stu-
dents to basic identification skills, providing a foundation for the de-
velopment of basic natural history expertise and knowledge. Thirdly, 
we planned to give students a theoretical and practical introduction 
to the scientific research process including: formulating hypotheses, 
collecting data, and analyzing and interpreting the data in relation 
to their hypotheses. In particular, we wanted students to grasp the 
idea that science is a process and does not lead to final answers. 
By having students collect data and providing them with access to 
data from previous years, students become part of an authentic on-
going scientific process, ultimately illustrating how each individual 
contribution adds to a larger picture in the end (Kloser et al., 2013). 
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Previous iterations of our laboratories demonstrated that students 
often do not pay much attention or care to their data collection if 
they know that the data will only be used for their course. By inte-
grating their data into a larger public-facing project, and, in turn, by 
giving students data from previous courses, the assignment takes 
on an authentic and experiential nature, which we hope will instill in 
students the importance of data reliability and quality, encouraging 
them to take responsibility and care for the information they col-
lect and submit. Anecdotally, we and several of our colleagues have 
found that outward-facing assignments—that is, those for which 
the products are shared with peers or the general public—generate 
higher quality work than those that are only for the consumption of 
the instructor. Finally, repeated measures of the same place through 
time will promote the importance of long-term ecological data and 
engender a connection between current and past students as well as 
with students across the same city.

Our fourth and last goal extends this idea of inspiring students 
to take data collection and maintenance seriously beyond their 
course-related activities. Our plan is to compile data from across 
years and campuses into a large-scale, long-term database that is 
publicly accessible (Lortie et al., 2020). Thus far, our 3-year col-
laboration between two universities in the same city has provided 
an opportunity to connect nearly 1,000 students with nature (and 
indirectly with each other), generating a data site comprising over 
10,000 unique observations from transects or quadrats of the plants 
and animals in the city of Toronto. This is a considerable amount of 
data and adds to citizen-science-based approaches to study our 
environment. We have developed a data form for collection (see 
Appendix S1 for template) and are generating a set of detailed in-
structions (complete with collection protocol) that will be openly 
shared with faculty teaching introductory ecology classes and to 
the Ecological Research as Education Network (EREN; http://erenw 
eb.org). The hope is that more classes from across Canada, North 
America and beyond will contribute to the database, thus offering 
an opportunity for larger-scale analyses.

3  | ADAPTING TO ONLINE L ABOR ATORIES 
AND ECOLOGIC AL E XPERIENCES

Clearly consuming educational content online is popular. The pro-
portion of undergraduate students enrolled in distance or online 
courses increased from 16% in 2003/4 to 43% in 2015/16 (U.S. 
Department of Education, National Center for Education Statistics, 
https://nces.ed.gov/progr ams/diges t/d18/table s/dt18_311.22.asp, 
accessed Aug. 21, 2020) and TED Talks were watched more than one 
billion times in 2012 (TED Blog, 2012). Shifting traditional lectures 
online is a relatively basic task of recording the live event and mak-
ing that recording available online. However, maintaining active par-
ticipation and building a learning community is much more difficult 
online than in-person (Major, 2016; Nilson & Goodson, 2018) and is 
one of the major concerns for instructors either adapting or devel-
oping courses for online delivery under COVID-19 restrictions (e.g., TA
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Arend, 2020; Stommel, 2020; Stone, 2020). The need to move field-
based ecological exercises online only adds to these complexities.

It is worth noting that we are focusing here on the adaptation 
of the design and instructional material of our laboratories to on-
line teaching. This shift necessitates additional or different ways to 
support students while completing their laboratory work, such as 
online office hours, frequent monitoring of discussion boards, and 
additional TA support for these and other activities (e.g., Garrison 
& Cleveland-Innes, 2005; Linder & Hayes, 2018; Major, 2016), as 
well as specific apps and simulations (e.g., Simbio, 2020). When used 
appropriately these tools will increase both instructor and student 
presence in the three domains identified by the community of in-
quiry model that guides online course development and promote vir-
tual community (Boettcher & Conrad, 2016; Linder & Hayes, 2018). 
Here though, we focus on the specific case study of collaborative 
learning through experiential ecology laboratories (within and be-
tween universities).

With the required restrictions due to COVID-19, in-person lab-
oratories will not be possible, at least not for all students. Even if a 
small number of students are able to attend laboratory sessions in 
person, most students will not be able to carry out laboratory work 
as we originally designed. The challenge therefore is to adapt these 
laboratories for a (mostly) online delivery while fulfilling most of our 
original learning outcomes (Table 2) and maintaining the benefits 
of field-based learning discussed above. For this adaptation to the 
online environment, we divided the laboratories into two modules: 
data collection and analysis/interpretation.

3.1 | Data collection

The first module on data collection can be adapted in a variety of 
ways. First, for ecological and natural history data collection, stu-
dents can sample their backyard, the patch of lawn in front of their 
apartment building, or a nearby park and use their phone GPS to pro-
vide location information. As not all of our students reside close to 
each other, the protocol must take into account the different climatic 

and geographical environments in which our students might be car-
rying out their measurements. Indeed, this “backyard” sampling 
would provide considerable heterogeneity to the data set, which 
can be a benefit (Kjelvik & Schultheis, 2019). Changes in instructions 
should address safety issues; as well, instructors should be aware 
of potential accessibility issues and be able to provide an alterna-
tive (e.g., observations via webcam such as https://explo re.org/live-
cams). Because students will carry out this work on their own and 
thus will need more time for the activities, it may be necessary to 
reduce the amount or frequency of measurements. Methods must 
also be modified to not require specialized tools, or to suggest im-
provisations using common household items. For example, sampling 
done normally with quadrats, pan traps, etc., could be modified to:

• transects using measure tapes or butcher's string (with regular 
intervals marked using knots or marker)—for vertebrate, plant, 
and invertebrate sampling. Similarly, quadrats could be fashioned 
from strings and pencils (Figure 2).

• “stand and catalogue”—students would perform visual observa-
tions over a set period of time—vertebrate and plant sampling

• homemade pan traps, using any brightly colored container (e.g., 
margarine) filled with water and soap—for invertebrate sampling 
(Figure 3).

3.2 | Data analysis/Interpretation

Because previous iterations have produced instructions on how to 
formulate a hypothesis and information on collection methods (via 
video and/or infographics) and data curation protocols (e.g., meta-
data), adapting the second module for online delivery does not 
require substantial changes. Instead, we focus our attention on pro-
viding more robust modes of explanation, such as videos that walk 
students through data curation and analyses.

Expansion of data analysis instruction in the online environment 
can provide a deeper learning experience for students. In fact, this 

F I G U R E  1   Four areas on campus 
that were used in the in-person courses, 
exemplifying ecological diversity. a: 
Disturbed lawn, b: Wetland, c: Grassland, 
d: Forest

(a) (b)

(c) (d)

https://explore.org/livecams
https://explore.org/livecams
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part of the laboratory likely benefits from being online as students 
can revisit explanations as needed while working with their data. 
By highlighting additional resources and opportunities to reuse and 
learn from data in new ways in addition to direct ecological inquiry, 
we can spark student engagement, particularly for those with an 
interest in coding, computational biology, or data science (Lortie 
et al., 2020; Markowetz, 2017). This might open students up to a 
range of possible careers in environmental work.

3.3 | Adaptability of protocol

For some online courses, data collection is not feasible, and this is 
where this protocol shows its adaptability. The adaptability of these 
laboratories is in the breadth of modifications—both as formative 
and summative assessments—that could be implemented. An al-
ternative is to have students focus on analyzing data collected in 
previous years across both campuses or engaging in other activities. 
Students can still formulate hypotheses, test them against the data, 
and interpret their results. Along with data interpretation, students 
can be asked to improve the existing experimental design, to gen-
erate new instructions for different environments (or alternatively 
to produce more generalized instructions to promote adoption and 
application of the protocol by more schools). This would allow them 
to see creativity at work in the sciences, as well as the need for re-
producibility (Reed, 2018). For some courses, a focus on data prepa-
ration for analysis might be warranted. For other courses with an 
emphasis on identification, students could identify plants by adding 
photos to the database, submitting some or all identifications for 
low-stakes formative assessments. Through selective engagement 
with apps and other online tools that facilitate plant and animal iden-
tification, the barrier between technology and nature could be made 
more permeable; thus, encouraging students to use their phone in 
new ways to connect with nature.

This adaptability is evident for courses with and without data 
collection activities. Courses with an emphasis on ecological-geo-
graphical interactions might include digital geographical resources, 
including Google Earth, The Global Biodiversity Information Facility, 
open data repositories, local GIS-based information, local field 
guides, city maps and hiking resources, and other spatial resources 
to search out and select environments for novel data collection. 
Students could select two or three habitat types indicated on a local 
map featuring a GIS layer, and carry out their data collection in these 
habitats, promoting appreciation of georeferenced data for ecolog-
ical research. Such an approach would enable groups of students to 
combine data from the same habitats, thus increasing their collective 
sample size. Alternatively, students could compare their data—both 
across space and time—with habitats in which they did not take 
measurements. The impact of the laboratory could be expanded by 
asking students to base their hypotheses on published data, or to 
compare their results with those from the existing literature. These 
are just a few suggestions to illustrate the adaptability of the online 
version of our laboratories.

We have worked to improve the laboratories each year for four 
years. To do this, we review feedback from teaching assistants and 
students (see Appendix S2 for an example of a survey) and test new 
ideas. With each iteration, we simplified and clarified data collec-
tion protocols to reduce cognitive load while ensuring students have 
enough time to complete all required steps while paying attention to 
detail. In an online environment, streamlined and focused instruc-
tions are critical to reduce students’ frustration and confusion while 
trying to collect data. The goal is to get students to connect with nat-
ural systems and collect data, not spend inordinate amounts of time 

F I G U R E  2   The left photograph shows a standard, commercially 
available, metal-frame quadrat. On the right, a quadrat of equal size 
made with string and pencils as corner pegs

F I G U R E  3   Small, colorful desert cups used as pan traps
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in front of the screen reviewing complex instructions. This balance 
between enough detail and too little is critical for online ecology 
laboratories. We also worked to reduce the amount of questions stu-
dents have while analyzing and interpreting the data thereby ensur-
ing that students satisfy the proposed learning outcomes.

While adapting a field-based laboratory to an online environ-
ment is not trivial we have provided some suggestions on how this 
could be done. A common thread through all these suggestions is 
that we need to pay special attention to design clear and unambigu-
ous instructions and provide alternate ways of presenting them. For 
instance, adding recorded demonstrations can help clarify specific 
details or sequence of actions. On one hand, this will require more 
of our time and effort in the planning stage. On the other hand, such 
flexibility will facilitate access to our materials for students with dif-
ferent requirements by introducing Universal Design for Learning 
principles (Major, 2016; Rose et al., 2002).

The COVID-19 pandemic was the specific impetus for us to de-
velop our online ecological laboratories. Given the effort that went 
into the adaptation of the laboratories, and the various benefits and 
possibilities for further customization we outlined above, it begs the 
question whether these laboratories may not offer more than just a 
solution for a (hopefully) temporary problem. Are there reasons why 
we should continue to use these laboratories even once in-person 
instructions is possible again? In this context, it is worth considering 
the evidence that virtual laboratories can be as effective as in-person 
laboratories (Darrah et al., 2014), or even increase student achieve-
ment (Brinson, 2015). Also, online laboratories will likely use fewer 
resources and equipment, and thus be more cost effective. This ar-
gument is particularly salient for small institutions with limited bud-
gets for laboratory improvements (Darrah et al., 2014). Importantly, 
this latter argument is only valid if students are not asked to supply 
equipment instead, effectively shifting costs from institution to stu-
dents. Another benefit of online laboratories is that students can do 
their work at their own time, pace and location, making laboratories 
more accessible for students who have challenging work commit-
ments or have difficulties attending in-person classes (Grout, 2015).

Virtual laboratories facilitate access for some students; at the 
same time, they may be less accessible for others. Frequently, 
participation in these laboratories requires a stable internet con-
nection. If this is not available, or attending online sessions or 
downloading required files increases costs, online laboratories 
may reduce students’ ability to engage with digital laboratory 
content. These issues could be partially solved by providing al-
ternative formats with smaller bandwidth requirements (e.g., 
transcripts, compressed files, etc.) or that are fully accessible and 
functional on mobile devices. There is also the concern that tak-
ing online laboratories early on may prepare students less well for 
traditional, in-person laboratories in higher courses (Faulconer & 
Gruss, 2018). One strategy to avoid this issue would be to align 
learning outcomes across years ensuring that online and in-per-
son laboratories focus on those learning outcomes that can be 
most effectively taught in each environment. Another potential 
limitation of virtual laboratories is that developing interpersonal 

relationships between students, and between students and in-
structors or teaching assistants, may become more difficult. One 
reason for this is the more scheduled and limited time to interact in 
an online setting (Faulconer & Gruss, 2018). Planning time to talk 
with each other, either at the end of scheduled periods, or as addi-
tional “office hours,” could help alleviate this concern. Also, invit-
ing multiple students for group office hours similarly can support 
the development of relationships. A second reason for the lack of 
connection in online laboratories is our interactions are mediated 
through technology and lack the closeness of face-to-face meet-
ings (Major, 2016). Careful choice of tools and platforms on which 
to run laboratories and that facilitate interactions could reduce 
these feelings of removedness. Additionally, selecting activities 
that allow students to connect and collaborate would further help 
them to get to know each other and to form effective relationships 
(Major, 2016).

4  | FUTURE WORK

We are currently assessing the impact of the above-described labo-
ratories on student understanding of the scientific process and their 
approach on data collection and maintenance. We are still exploring 
the most effective and sustainable way to make the data available 
to the wider scientific (including other universities’ ecology courses) 
and non-scientific public, while adhering to university regulations 
(Brinson, 2017). Ideally, this would be as a dedicated, open database, 
to which any course who follows our established protocols could 
contribute. Alternatively, we could contribute to already existing 
platforms and use version control from year-to-year to update the 
same data asset in the repository through time.

Teaching ecology pragmatically and hands-on remains, in our 
view, an important component of undergraduate biology programs, 
not only for the knowledge it provides but for the benefit of provid-
ing students with an opportunity allows students to connect with 
the environment they live and work in. This is difficult enough to 
accomplish in “normal,” in-person settings, but is now even more 
challenging given delivery online and uncertainty about how long 
restrictions are in place. The introductory ecology laboratories we 
adapted here can provide experiences and learning opportunities 
that are comparable to in-person instruction and address our orig-
inal learning outcomes. They also provide a sustainable framework 
for instructors due to their adaptable structure and straight-for-
ward implementation. Finally, they extend the impact of our teach-
ing and student work beyond campus and academia, offering an 
opportunity for collaboration between students, researchers from 
different universities, and their communities.
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