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ABSTRACT
Citizen science projects can be used in college laboratory settings to allow students to 
gain hands-on experience in research during emergency remote learning. During the 2020 
spring semester, we used the citizen science project, Budburst, in our introductory biology 
laboratory during the COVID-19-induced emergency remote learning period. The instructors 
were able to quickly adapt the project for emergency remote teaching because of the 
versatility of citizen science projects. The goals of this paper are to describe the project the 
students completed and to determine which data literacy and scientific writing skills were 
gained through the process. The students were provided with the research question: “How 
does temperature affect the phenophases of your trees?” Students collected their own data 
and downloaded Budburst data sets from the website to compare between years and to 
connect their results to long-term temperature data sets. The final project was a scientific 
paper based on their findings from both data sets. After the semester, a subset of papers 
was scored by two researchers using a previously validated rubric designed to evaluate 
students’ research skills. We evaluated students’ higher-order thinking by investigating 
their ability to develop a prediction statement, and to improve their qualitative skills by 
developing graphs, statements on the limitations for methods and results, and alternative 
explanations for their findings. We saw that using citizen science during remote teaching 
enabled the students to gain authentic research experiences and continue to improve their 
skill set even if they could not be in the laboratory.
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INTRODUCTION

One of the major goals of college introductory laboratories 
is to foster research experiences for the students (Gormally 
et al. 2009; Brownell et al. 2012; Spell et al. 2014; Brownell 
and Kloser 2015; Bakshi et al. 2016; Dolan 2016; Indorf, 
et al. 2019; Lansverk et al. 2020). This concept has been 
around for some time and was brought to the forefront 
by the American Association for the Advancement of 
Science (AAAS) Vision and Change in Undergraduate Biology 
Education (Woodin et al. 2010; AAAS 2011). The activities 
included in authentic research laboratory experiences, 
including hypothesis development, interpretation of results, 
and encountering unknown outcomes, allow students 
to participate in science and develop important science 
practice skills (Weaver et al. 2008; Gormally et al. 2009; 
Brownwell et al. 2012; Brownell and Kloser, 2015; Clemmons 
et al. 2020). One way to incorporate science practice skills 
into introductory laboratories is to include citizen science 
projects as the foundation for authentic research.

Citizen science enables non-scientists to participate in 
the scientific process and has been incorporated into school 
curriculum (Miller-Rushing et al. 2012; Kobori et al. 2016). 
Citizen science projects allow students to be included 
in science research occurring around the world and to 
contribute to growing scientific knowledge (Miller-Rushing et 
al. 2012). As a result, participants in citizen science projects 
have seen a growth in their science literacy (Bonney et al. 
2009; Vitone et al. 2016; Mitchell et al. 2017; Aristeidou 
and Herodotou 2020). Moreover, citizen science projects 
allow students to collect their own data while learning 
to investigate and incorporate large long-term data sets. 
These projects also give students opportunities to develop a 
variety of different scientific skills (e.g., collecting data, and 
analyzing and interpreting data). Student participation in 
citizen science data collection, especially that which occurs 
around their homes, allows students to make connections 
between their findings and scientific topics.

Citizen science projects have many positive aspects, 
such as fieldwork experiences, that make them beneficial 
components in introductory biology laboratory courses 
(Shah and Martinez 2016; Mitchell et al. 2017). Fieldwork 
can provide hands-on experiences for students to collect 
their own data outdoors and learn content from biological 
components (Easton and Gilburn 2012; Morales et al. 2020; 
Race et al. 2021; Barton 2020; Bacon and Peacock 2021). 
From research to fieldwork, the students learn the process 
of science and incorporate their knowledge gathered 
through their different experiences intertwined with citizen 
science projects.

The learning outcomes that can be attributed to 
citizen science not only meet the process skills of labs, 

including data collection and analysis, but also provide 
an opportunity for students to combine their data with 
previously collected data into a bigger data set, because 
the projects are designed so that any person can participate 
in data collection (Bonney et al. 2009; Shah and Martinez 
2016; Mitchell et al. 2017). Many citizen science projects 
allow participants to search databases and to use the 
data collected over time and across locations, allowing 
students to gain experience with big data sets (Bonney 
et al. 2009; Mitchell et al. 2017). Authentic data is defined 
as quantitative or qualitative data that was gathered from 
real-life phenomena (Magnusson et al. 2004; Kastens et al. 
2015; Kjelvik and Schultheis 2019). These types of data are 
found throughout the citizen science projects. Therefore, 
student use of authentic data in citizen science projects 
may allow them to improve their data literacy skills. Data 
literacy is demonstrated when students successfully work 
to analyze the data, interpret the information gathered 
from authentic data, and then communicate these 
findings (Gibson and Mourad 2018; Kjelvik and Schultheis 
2019). Through incorporating all these skills into a project, 
students are able to expand on data literacy.

EMERGENCY REMOTE LEARNING AND 
LABORATORIES
Once the World Health Organization (WHO) declared 
COVID-19 a pandemic, higher education institutions worked 
quickly to move from in-person courses to emergency 
remote learning (temporary shift of instructional delivery 
to an alternative mode due to a crisis; Hodges et al. 
2020). Once the COVID-19 pandemic started, instructors 
that were not already teaching online struggled to make 
laboratories accessible remotely and to continue to give 
students authentic, hands-on experiences (Race et al. 
2021; Barton 2020; Bacon and Peacock 2021). Laboratory 
course instructors struggled to find ways to continue 
inquiry-based, hands-on, and field experiences when the 
students had to move off campus, and everyone had 
restrictions in place with stay-at-home orders (Race et al. 
2021; Barton 2020; Bacon and Peacock 2021). One way 
we overcame these limitations of remote learning was to 
incorporate citizen science, specifically Budburst (Budburst 
2020), into our remote teaching version of our introductory 
biology laboratory courses.

Budburst was founded in 2007 by climate science 
researchers who wanted to incorporate volunteers 
to collect data on plant phenology (Budburst 2020). 
The program was sponsored by the National Science 
Foundation and run by the National Ecological Observatory 
Network with the Chicago Botanic Garden (Budburst 2020). 
One overarching goal of Budburst is to collect data on plant 
phenology throughout all the seasons to determine how 
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climate change affects these plants (Budburst 2020). The 
program has allowed participants to not only collect data 
but also engage with a long-term data set that is free to 
download from their website.

The purposes of this paper are to describe how we 
integrated citizen science into a remote teaching laboratory 
module and to identify the scientific skills students gained 
as demonstrated by an individual write-up of the project. 
First, we describe how we converted the citizen science 
project Budburst into a remote learning experience for 
an introductory laboratory. Then we assess the skills 
that the students developed by using long-term data 
sets from Budburst and students’ data to communicate 
their findings on phenology. We investigated these skills 
by scoring an anonymous subset of individual research 
papers using a validated empirical and representational 
skills rubric. We predicted that students would develop 
scientific skills such as experimental design, quantitative 
methods, acknowledgment of method limitations, and 
data interpretation, despite the emergency remote nature 
of the course in spring 2020.

METHODS
STUDY LOCATION AND DEMOGRAPHICS
This study consisted of students in the integrated intro-
ductory biology and chemistry course at an R1 institution 
in the mid-Atlantic region. The course is the second 
semester of a two-part introductory course that covers 

plants, evolution, ecology, and physiology. The students in 
the course are a majority freshmen (>90%), and are made 
up of biology majors (40%) and other life science majors 
including medical diagnostics, exercise science, biomedical 
engineers, and wildlife and ecology majors.

REMOTE LEARNING BUDBURST PROJECT
This remote-learning version of the Budburst project was 
adapted from the in-person version (Lansverk et al. 2020) 
and implemented during spring 2020 when the university 
moved from in-person teaching to remote learning 
because of the COVID-19 pandemic on March 12, 2020. 
This modified version allowed students to complete it while 
studying at home and following all the safety guidelines 
put forth by individual states and communities. Students 
were instructed to follow all local safety precautions. If the 
students could not collect their own data due to safety 
restrictions or were in areas that did not have trees, then 
they used a data set that was collected near the university 
by the course teaching team. The project continued to be 
aligned with AAAS Vision and Change competencies (Table 1) 
(Clemmons et al. 2020). This project was incorporated into 
the remote learning curriculum to allow students a hands-
on experience with collecting field data, using large data 
sets, and analyzing and interpreting results during a time 
when all other hands-on activities were limited (Table 1).

The project was completed over a five-week period during 
remote learning (Table 1) and included the introduction of 
the project, four weeks of data collection, and one additional 

WEEK IN-CLASS WORK 
(SYNCHRONOUS)

OUT-OF-CLASS WORK VISION AND CHANGE 
COMPETENCIES

8 •	 Instructor introduced project
•	 Instructor reviewed key concepts 

in phenology
•	 Students developed predictions

•	 Students chose their trees and identified the species
•	 Students collected their first data set
•	 Students conducted background information search

•	 Question formulation
•	 Information literacy
•	 Study design
•	 Science’s impact on society

9 •	 Students collected data for second week •	 Study design

10 •	 Instructor introduced long-term 
data sets and how to download 
and organize data

•	 Students learned how to graph 
the long-term weather data set

•	 Students collected data for third week
•	 Students continued to gather data from databases
•	 Students wrote introduction and methods

•	 Study design
•	 Quantitative and computational 

data analysis
•	 Data interpretation and evaluation

11 •	 Students were given time to work 
on project and continue to graph 
datasets

•	 Students collected data for final week
•	 Students continued to gather data from databases
•	 Students started to write results

•	 Study design
•	 Computational data analysis
•	 Data interpretation and evaluation
•	 Communication

12 •	 Students were given time to ask 
any final question about the project

•	 Students completed the individual paper and 
submitted to course

•	 Communication
•	 Information literacy
•	 Study design
•	 Computational data analysis
•	 Data interpretation and evaluation
•	 Science’s impact on society

Table 1 Flow of the course during the Budburst module with the Vision and Change competencies.
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week for the students to complete their individual paper 
assignment (Table 1; see also Supplemental Table 1). The 
students were provided the research question, “How does 
temperature affect the phenology of trees?” at the beginning 
of the project and were introduced to the Budburst website 
to learn more about phenology and the different stages that 
occurred during the spring season. Notable changes from 
the in-person project were the elimination of the physical 
collaborations of teamwork; instead, students completed 
the data collection individually by measuring the trees that 
were found at or near their homes.

The first week in remote learning, students were 
introduced to Budburst and learned about phenology and 
what stages could be seen during the spring for deciduous 
trees. The methods on Budburst instruct participants to 
identify a phenophase and determine whether a tree is 
in the early, middle, or late stages by percent. Students 
recorded percentages weekly to allow them to have 
a continuous data set and to visualize the changes in 
phenophase and stage for each of their trees. We worked 
with the students to develop an Excel data sheet to collect 
their individual and long-term data. Budburst now has a 
data sheet available on their website, which did not exist 
during this course. During the first week, the students 
took time to investigate the trees in their yard or local 
neighborhood, and pick three trees of identical species or 
three trees of different species to study. Students used Seek 
(www.inaturalist.org/pages/seek_app) from iNaturalist to help 
identify the trees, contacted a senior laboratory technician 
in the program that is trained as a botanist (titled: Botanist 
on Call) for assistance, or spoke with family members 
who planted the trees in their yard and knew the identity 
of the trees to determine the focal trees for their study. 
Students collected data on those specific trees over four 
weeks. Students were required to take GPS coordinates and 
photos of the focal trees throughout the four weeks to have 
visuals and to be able to ask any questions if they needed 
guidance on phenophase. GPS coordinates were used only 
during data collection to allow students authentic field 
research methods, and those coordinates were not shared 
with other students or included in the paper. Students 
also could document any issues that arose with the tree 
or phenophase as a result of weather; for example, there 
were major storm events in the region that resulted in all 
the flowers being blown away or even loss of the tree. All 
of these observations and data collections allowed the 
students to participate in field sampling, which prompted 
the students to observe the differences between field and 
laboratory data. These experiences allowed the students to 
reflect on the limitations of the data used for this project. 
Students could submit their data to Budburst but were not 
required to because of constraints in the species found in 

their surrounding areas and their collection location (e.g., 
students outside the USA). Students who could not collect 
their own tree data included those who lived in areas with 
especially strict local lockdown regulations.

During the third week of the project, the students were 
introduced to long-term data sets, and were shown how 
to search, download, and work with the data in Budburst 
and Weather Underground (www.wunderground.com/). The 
students then used the Budburst website to find the closest 
geographic location and tree species to their own and then 
downloaded the data. The students had to work through 
the large data sets to determine what data was needed 
and if they could find the appropriate phenophase. For 
temperature data, students used Weather Underground’s 
long-term data sets to determine how temperatures 
differed over time. During synchronous online laboratory 
time, students were taught how to graph the different data 
types using Excel and to interpret their results (Table 1). 
Each student wrote up their findings in an individual paper.

The individual paper allowed the students to not just 
participate in a citizen science project, but also discover 
how scientists might use the data sets from these projects 
in their own research, and it allowed students to refine the 
skill of communicating scientific findings (Supplemental 
Table 2). The students were able to describe phenophases 
for their trees and describe their findings for both their 
individual data set and the data set collected from the 
Budburst website. The students discussed the limitations 
of their own field data and the data set from Budburst in 
the methods and discussion sections. In the discussion, 
students identified what factors might be affecting 
phenology besides temperature, and any other limitations 
that were not directly related to the methods section. 
Finally, students were supposed to connect their findings to 
the bigger picture and reflect on how, in general, collecting 
these data could help study climate change.

QUANTITATIVE CODING
The students completed a consent form at the beginning 
of the semester that encompassed all assignments and 
surveys completed during their time in the integrated 
biology and chemistry course, which fulfilled the university’s 
IRB requirements. The students’ final individual writing 
assignment was used as the summative assessment 
for the ecology module in the biology course and for 
qualitative research assessment. All personal identification 
was removed and replaced with a random identification 
number. The researchers selected a random subset 
(n = 60) of the individual papers to code using an adapted 
and validated rubric based on the Assessment of Scientific 
Argumentation in the Classroom (ASAC) to evaluate 
laboratory argumentation skills (Walker et al. 2018; Walker 
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et al. 2019). The original rubric consisted of 23 skills that 
we believed second semester biology majors would be 
able to obtain in the introductory biology laboratory course 
(Supplemental Table 3). These skills were determined prior 
to the start of the project.

The researchers were two of the four instructors in the 
laboratory component who oversaw the graduate teaching 
assistants but were not involved in the original grading of 
the individual papers during the course for course credit. 
The rubric was placed in Qualtrics and set up as a survey 
to gather all coding responses. We used the rubric that 
was validated for written argumentation or skills (Lansverk 
et al. 2020). We revalidated the rubric based on the remote 
learning paper assignment. We had an outside instructor 
help us validate the survey for the paper assignment to 
make sure all coders interpreted the description in the same 
manner and were not biased based on our knowledge of 
the project. The two coders completed two more rounds 
of validation by individually scoring three papers using the 
descriptions for each rubric item. The inter-rater reliability 
was then calculated, and if any item did not result in an 
85% or greater score, those areas were reviewed and the 
description for that rubric item was updated until we came 
to a consensus for all items on the rubric. Once we were 
confident in the rubric and in the rubric descriptions, and 
the inter-rater reliability was at or greater than 85%, we 
each scored 60 random papers. We had a mean of 93% 
(range: 89% to 100%) for inter-rater reliability for all the 
papers. The coding was completed by presence or absence 
of the skill and if students completed those skills to a 
specific standard. For example, the figures had to have 
correct axis labels and be the accurate graph type for the 
data set. Once the scoring was complete, the data were 
totaled and percentages were calculated to determine 
how well the students were able to complete each skill.

RESULTS
DATA AND LIMITATIONS
When we scored for data collection and visual 
representation skills, we found most students were able to 
work both on their own data and on the long-term data 
set from Budburst. The students were able to determine 
the limitations of the experiment and the data sets used 
(100%) and locate relevant information (95%) from 
Weather Underground and Budburst to help expand the 
information used to answer their research question and 
support or reject their hypothesis/prediction (Figure 1). 
Students created appropriate figures (88.3%) and tables 
(83.3%) based on the data that needed to be included to 
discuss their findings (Figure 1). We found that students had 
a grasp on developing effective figure labels (71.7%) but 

struggled with the table labels (38.3%) (Figure 1). Finally, we 
defined troubleshooting technical issues to include weather 
events that resulted in either the students not being able 
to collect their data or the students describing how these 
events affected their trees and their study results. Not 
many students discussed troubleshooting technical issues 
(18.3%), because not many students experienced the 
severe weather events because they were located through 
the mid-Atlantic region, USA and a few were international.

EXPERIMENTAL DEVELOPMENT AND PAPER 
CONCLUSION
Students were able to gather and use the literature in 
their introductions including in-text citations (93.3%; 
Figure 2). The experimental development skills included 
the creation of the hypothesis or prediction statement, 
the experimental design, interpretation of results, and 
conclusions (Supplemental Table 4). All the students 
included in the coding were able to design and incorporate 
key elements to their experimental design (100%; Figure 2). 
Even though all students were given a research question at 
the beginning of the project, only 63.3% of them included 
the actual question in the paper (Figure 2). Students were 
able to generate a hypothesis/prediction (95%), create 
a claim supporting or rejecting the statement (96.7%), 
and then use the evidence to support their claim (90%) 
(Figure 2). Some students did not include the interpretations 
of the figures (76.7%) and tables (66.7%) (Figure 2). In their 
conclusions, 73.3% of the students were able to discuss 
possible alternative explanations for the data and possible 
differences seen between trees of similar species (Figure 2). 
Students struggled to connect their findings about trees 
with changes in temperature and to identify additional 
information needed to support their results from individual 
and long-term data collection (23.3%; Figure 2).

DISCUSSION

During the pandemic, most higher education laboratory 
courses transitioned to remote teaching, resulting in 
instructors investigating ways to incorporate projects for 
hands-on learning. Educators suggested using citizen 
science or backyard science to help continue these 
experiences during remote learning (Bacon and Peacock 
2021; Richter et al. 2021). Though it is known that citizen 
science has been used in the classroom, there is very 
little in the literature about these experiences in higher 
education (Mitchell et al. 2017; Beacon and Peacock 
2021). For example, one group used urban ecology and 
the students’ backyards to help continue connecting the 
students to the ecology content and material and to allow 
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the students to collect authentic data from their local 
areas during emergency remote teaching (Richter et al. 
2021). By using Budburst in the laboratory course, we have 
helped to fill the gap in research about using citizen science 
in higher education by showcasing how citizen science was 
incorporated into an online introductory laboratory and 
by highlighting the skills developed by the students during 
emergency remote teaching.

We found that while completing this project remotely, 
students developed skills such as writing a prediction/
hypothesis; developing and writing the methods, including 

the limitations of the methods; collecting individual data 
and incorporating data from databases; analyzing data to 
support research conclusions; and discussing alternative 
explanations for their findings. Students gained experience 
collecting data in the field and discovered how unexpected 
events could affect their data set. These practical skills 
were difficult to foster in remote learning because many 
laboratory courses lost the ability to have students collect 
field data (Barton 2020; Bacon and Peacock 2021). Students 
made positive comments to instructors in passing about the 
project, but these were not formally collected in any survey 

Figure 1 Percentage of students who included different skills for data collection and visualization in their individual papers.
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from the course. Students stated that the project allowed 
them to get outside when most of their time was spent 
indoors during the early days of the pandemic. One student 
told an instructor that they never really thought about the 
trees in their backyard and how they transition between 
phases in the spring, and this project opened their eyes to it. 
Overall, there were a few areas that expanded the students’ 
abilities and we discuss them in depth below. These might 
not have occurred in other activities in remote learning.

Authentic data sets are an important component of 
laboratories that allow students to expand their data 

literacy skills. We found that students enhanced their 
data literacy by working with their individual data set and 
the larger data set from Budburst. Students were able to 
construct figures and tables and analyze and interpret the 
data sets. The students were able to construct their own 
figures (88%) and tables (83%) while remote. We found 
that students were able to incorporate a few features from 
authentic data sets. One feature of using citizen science 
projects is students were able to work through the data-
selection process from the website, and then curate the 
data by determining what data was needed. Students were 

Figure 2 Percentage of students who included different skills for experimental design, interpretation of data, and derivation of conclusions 
in their individual paper.
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also able to describe the messiness with their original data 
collection and secondary data sets from Budburst. These 
processes were described in the features of using authentic 
data sets (Kjelvik and Schultheis 2019). Messiness in data 
is important to foster critical thinking skills in students and 
to help them recognize that data variability is common 
(Kjelvik and Schultheis 2019). Data messiness also allowed 
students to work through issues when data were missing 
(Kjelvik and Schultheis 2019). In their papers, students 
described the messiness of the data sets, and how missing 
data and the variation could have affected their results. For 
example, one student wrote,

“Also, I was limited with the amount of data I was able 
to find on the Budburst website. I tried to use data that 
was from the state I live in, but it was difficult to find 
a wide range of data from Pennsylvania. Some of my 
data points were from an unknown location in New 
York… Overall, the lack of data available from Budburst 
may have affected the results.”

The differences we saw in the limitations were based on 
the locations of the students’ study sites, which allowed 
the students to drive the explanation of the results, and 
allowed the students to own their data and give more in-
depth discussions of possible alternative explanations for 
their data sets.

Students struggled to support their claims with evidence 
and additional information, with only 23% of students using 
scientific evidence to support their findings. Even though 
these findings might be discouraging, we felt that it fell under 
the category of “desirable difficulties.” Desirable difficulties 
are found throughout STEM, and allow students to fail and 
then overcome these challenges (Bjork 1994a, 1994b; 
Kapur and Bielaczyc 2012). Since students struggled with 
some components of the discussion, we should investigate 
more to determine how we could improve the module or 
assignment to help them through these difficulties. One 
aspect of the discussion in which students succeeded was 
describing alternative explanations and assessing how 
other parameters could affect the different phenophases, 
which is a step in the right direction and allows students to 
incorporate their findings in the conclusions.

Another skill that students were able to demonstrate in 
their papers was the ability to describe the limitations of the 
methods and the project. Students were able to evaluate 
the methods and how those limitations would affect how 
data was collected and interpreted. Being able to describe 
limitations in science is a key component of science 
literacy. 100% of our students described some limitations 
during the project. The major method limitations students 
discussed were the length of the experiment, the fact 

that data was not always available on Budburst, and the 
students’ ability to identify the trees and then determine 
the percent for each phenophase. Students also described 
limitations on their data sets through a description of the 
short-term collection time, the large variation even from 
similar trees, and the availability of data on Budburst 
for their trees or their locations. When describing the 
limitations on data interpretation, students would describe 
weather events (e.g., high winds or severe thunderstorms) 
that could affect collecting data or affect the data that 
was collected. For example, a student commented in their 
paper,

“One factor that could have affected my data is the 
large amount of storms my area has experienced 
this month. The first day I took observations for my 
trees there was a big storm the night before, which 
caused the majority of the flowers to fly off the 
cherry tree. If this storm did not occur, there may 
have been a higher percent of the tree in the flower 
phenophase than recorded.”

Being part of the process allowed the students to observe 
limitations firsthand and determine how far they could 
interpret the data collected and selected from the 
database.

One challenge seen when using citizen science data sets 
was the ability for scientists and policy makers to agree that 
the data was rigorous enough to use. They question using 
citizen science because of credibility, completeness, non-
comparability, and possible bias of the data sets (Conrad 
and Hilchey 2011; Golumbic et al. 2017). We saw a similar 
phenomenon with some students questioning if the data 
from the database was accurate and valid. One student 
wrote in their paper,

“Also, the data received from Budburst also affect 
my results because even though it is a great website, 
one can never know the accuracy of it.”

Another student stated,

“A limitation of this study is that there is no way to 
know the accuracy of the budburst data since it is 
given from everyday citizens.”

Another student commented in their paper,

“Lastly, with citizen science there is going to be bias 
and opinion that play a role in the observations 
made. Everyone sees pieces differently which limits 
the reliability of data.”

Version of record at: http://doi.org/10.5334/cstp.432



9Lichti et al. Citizen Science: Theory and Practice DOI: 10.5334/cstp.432

Mitchell et al. (2017) found a similar response from freshmen 
students participating in ClimateWatch, with 31% agreeing 
that the data was reliable by the end of the project. We 
want to further investigate this view that students have on 
volunteers collecting data sets and what would need to be 
included to allow students to feel comfortable using the 
data sets.

LESSONS LEARNED AND 
RECOMMENDATIONS

The first lesson learned was that the project needed 
more scaffolding and structure to help guide the students 
through the five-week module, and more time during 
online synchronous labs should be dedicated to student 
discussion, enabling them to work through the difficulties 
that arose. In future semesters, we would include some 
smaller formative assignments (weekly activities) to help 
students through the challenges they faced. For example, 
to help students connect their findings to a greater 
science concept, we would ask them to describe climate 
change and how it relates to phenology, budgeting 
time for instructors to check figures, tables, and their 
corresponding captions. Finally, we would set aside time, 
during the laboratory and studio (the 30 minutes allotted 
for discussion prior to laboratory) times, to encourage 
students to work through how phenology can fit into the 
larger picture of climate change, and how data collected 
by the public can be trusted as part of rigorous data 
sets. On the basis of the semester length and the timing 
of phenophases, we would try to extend the time for 
students to collect data from just four weeks to the whole 
semester.

CONCLUSION

In conclusion, we recommend integrating citizen science 
projects into introductory laboratories to give students 
the opportunity to continue to expand their knowledge 
and skills as scientists. Incorporating citizen science can 
be done for a versatile classroom experience. Further 
follow up will be needed to fully understand the students’ 
perception of the validity of citizen science data sets. 
Hopefully, as instructors start to incorporate more citizen 
science into their courses, the data sets will expand. 
We feel that citizen science projects enable students to 
interact with the environment around them, and hope 
students will continue to participate in them even after the 
course is over.

DATA ACCESSIBILITY STATEMENT

Data not available owing to confidentiality of student 
information. The individual papers were not shared because 
others might want to complete this assignment, and we 
do not want well-meaning students to find the examples. 
Please reach out to the corresponding author for example 
papers. The researchers’ coding of the papers can be found 
at https://drive.google.com/drive/folders/1Ee8Dh7wj84a3Qr45IKa-

rckoPco-F-4b?usp=sharing.

SUPPLEMENTARY FILES

The supplementary files for this article can be found as 
follows:

•	 Supplemental Table 1. The overview document given 
to students about the Budburst project for the course 
including the project details, timeline used in March 
2020, assignments, and resources. DOI: https://doi.

org/10.5334/cstp.432.s1

•	 Supplemental Table 2. The students’ guide for the 
individual paper assignment including the grading rubric. 
DOI: https://doi.org/10.5334/cstp.432.s2

•	 Supplemental Table 3. Target skills used to assess 
written papers for the Budburst project during 
remote learning. (Rubric from Walker et al. 2018; 
Walker et al. 2019). DOI: https://doi.org/10.5334/

cstp. 432.s3

•	 Supplemental Table 4. Student examples for each 
target skill coded for on individual papers by two of the 
authors. DOI: https://doi.org/10.5334/cstp.432.s4
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We obtained IRB approval and student consent through the 
University of Delaware (#1413165-4). The student consent 
was for any assignment or survey conducted during the 
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ACKNOWLEDGEMENTS

We would like to thank Jordan Mohr for help with the 
initial re-validation of the survey, and Lisa Walsh for 
giving edits and feedback on the manuscript. We would 
like to acknowledge the support of the National Science 
Foundation RCN-UBE award #1919928 for covering the 
publication fee.

Version of record at: http://doi.org/10.5334/cstp.432

https://drive.google.com/drive/folders/1Ee8Dh7wj84a3Qr45IKa-rckoPco-F-4b?usp=sharing
https://drive.google.com/drive/folders/1Ee8Dh7wj84a3Qr45IKa-rckoPco-F-4b?usp=sharing
https://doi.org/10.5334/cstp.432.s1
https://doi.org/10.5334/cstp.432.s1
https://doi.org/10.5334/cstp.432.s2
https://doi.org/10.5334/cstp.432.s3
https://doi.org/10.5334/cstp.432.s3
https://doi.org/10.5334/cstp.432.s4


10Lichti et al. Citizen Science: Theory and Practice DOI: 10.5334/cstp.432

COMPETING INTERESTS

The authors have no competing interests to declare.

AUTHOR CONTRIBUTIONS

DAL and PLM coded student individual papers, analyzed 
responses, and wrote the manuscript. KLC-D provided 
oversight as the project leader and provided comments 
on the manuscript. All authors read and approved the final 
manuscript.

AUTHOR AFFILIATIONS
Deborah Lichti  orcid.org/0000-0002-3355-8276 
University of Delaware, US

Pamela Mosley  orcid.org/0000-0002-2404-381X 
University of Delaware, US

Kristine Callis-Duehl  orcid.org/0000-0003-2598-1928 
Donald Danforth Plant Science Center, US

REFERENCES

American Association for the Advancement of Science (AAAS). 

2011. Vision and Change in Undergraduate Biology Education: 

A Call to Action. Washington, DC.

Aristeidou, M and Herodotou, C. 2020. Online citizen science: A 

systematic review of effects on learning and scientific literacy. 

Citizen Science: Theory and Practice, 5(1): 1–12. DOI: https://

doi.org/10.5334/cstp.224

Bacon, KL and Peacock, J. 2021. Sudden challenges in teaching 

ecology and aligned disciplines during a global pandemic: 

Reflections on the rapid move online and perspectives on 

moving forward. Ecology and Evolution, 1–8. DOI: https://doi.

org/10.1002/ece3.7090

Bakshi, A, Patrick, LL and Wischusen, EW. 2016. A framework 

for implementing course-based undergraduate research 

experiences (CUREs) in freshman biology labs. The American 

Biology Teacher, 78(6): 448–455. DOI: https://doi.org/10.1525/

abt.2016.78.6.448

Barton, DC. 2020. Impacts of the COVID-19 pandemic on field 

instruction and remote teaching alternatives: Results from 

a survey of instructors. Ecology and Evolution, 10: 12499–

12507. DOI: https://doi.org/10.1002/ece3.6628

Bjork, RA. 1994a. Institutional impediments to effective training. 

In: Druckman, D and Bjork, RA (eds.), Learning, remembering, 

believing: Enhancing human performance, 295–306. 

Washington, DC:National Academy Press.

Bjork, RA. 1994b. Memory and metamemory considerations in 

the Training of Human Beings. In: Metcalfe, J and Shimamura, 

AP (eds.), Metacognition: Knowing about knowing, 185. 

Cambridge: MIT Press.

Bonney, R, Cooper, CB, Dickinson, J, Kelling, S, Philips, T, 

Rosenberg, KV and Shirk, J. 2009. Citizen science: A 

developing tool for expanding science knowledge and 

scientific literacy. BioScience, 59(11): 977–984. DOI: https://

doi.org/10.1525/bio.2009.59.11.9

Brownell, SE and Kloser, MJ. 2015. Toward a conceptual 

framework for measuring the effectiveness of course-based 

undergraduate research experiences in undergraduate 

biology. Studies in Higher Education, 40(3): 525–544. DOI: 

https://doi.org/10.1080/03075079.2015.1004234

Brownell, SE, Kloser, MJ, Fukami, T and Shavelson, R. 2012. 

Undergraduate biology lab courses: Comparing the impact of 

traditionally based “cookbook” and authentic research-based 

courses on student lab experiences. Journal of College Science 

Teaching, 41(4): 36–45.

Budburst. 2020. Budburst: An online database of plant 

observations, a citizen-science project of the Chicago Botanic 

Garden. Glencoe, Illinois. Available: http://www.budburst.org; 

Accessed: April 11, 2021.

Clemmons, AW, Timbrook, J, Herron, JC and Crowe, AJ. 2020. 

BioSkills Guide: Development and national validation of a tool 

for interpreting the Vision and Change core competencies. CBE 

Life Science Education, 19: ar53. DOI: https://doi.org/10.1187/

cbe.19-11-0259

Conrad, CC and Hilchey, KG. 2011. A review of citizen science and 

community-based environmental monitoring: Issues and 

opportunities. Environmental Monitoring & Assessment, 176: 

273–291. DOI: https://doi.org/10.1007/s10661-010-1582-5

Dolan, EL. 2016. Course-based undergraduate research 

experiences: Current knowledge and future directions. 

National Research Council commissioned paper. Washington, 

DC: National Research Council.

Easton, E and Gilburn, A. 2012. The field course effect: Gains in 

cognitive learning in undergraduate biology students following 

a field course. Journal of Biological Education, 46(1): 385–400. 

DOI: https://doi.org/10.1080/00219266.2011.568063

Gibson, JP and Mourad, T. 2018. The growing importance of data 

literacy in life science education. American Journal of Botany, 

105(12): 1953–1956. DOI: https://doi.org/10.1002/ajb2.1195

Golumbic, YN, Orr, D, Baram-Tsabari, A and Fishbain, B. 2017. 

Between vision and reality: A study of scientist’s views on 

citizen science. Citizen Science: Theory and Practice, 2(1): 

1–13. DOI: https://doi.org/10.5334/cstp.53

Gormally, C, Brickman, P, Hallar, B and Armstrong, N. 2009. 

Effects of inquiry-based learning on students’ science literacy 

skills and confidence. International Journal of Scholarship 

of Teaching and Learning, 3(2): article16. DOI: https://doi.

org/10.20429/ijsotl.2009.030216

Hodges, CB, Moore, SL, Lockee, BB, Trust, T and Bond, MA. 2020. 

The difference between emergency remote teaching and 

Version of record at: http://doi.org/10.5334/cstp.432

https://orcid.org/0000-0002-3355-8276
https://orcid.org/0000-0002-2404-381X
https://orcid.org/0000-0003-2598-1928
https://doi.org/10.5334/cstp.224
https://doi.org/10.5334/cstp.224
https://doi.org/10.1002/ece3.7090
https://doi.org/10.1002/ece3.7090
https://doi.org/10.1525/abt.2016.78.6.448
https://doi.org/10.1525/abt.2016.78.6.448
https://doi.org/10.1002/ece3.6628
https://doi.org/10.1525/bio.2009.59.11.9
https://doi.org/10.1525/bio.2009.59.11.9
https://doi.org/10.1080/03075079.2015.1004234
http://www.budburst.org
https://doi.org/10.1187/cbe.19-11-0259
https://doi.org/10.1187/cbe.19-11-0259
https://doi.org/10.1007/s10661-010-1582-5
https://doi.org/10.1080/00219266.2011.568063
https://doi.org/10.1002/ajb2.1195
https://doi.org/10.5334/cstp.53
https://doi.org/10.20429/ijsotl.2009.030216
https://doi.org/10.20429/ijsotl.2009.030216


11Lichti et al. Citizen Science: Theory and Practice DOI: 10.5334/cstp.432

online learning. EDUCASE Review. Available: https://er.educause.

edu/articles/2020/3/the-difference-between-emergency-

remote-teaching-and-online-learning Access: May 6, 2021.

Indorf, JL, Weremijewicz, J, Janos, DP and Gaines, MS. 2019. 

Adding authenticity to inquiry in a first-year, research-based, 

biology laboratory course. CBE- Life Science Education, 18: 

ar38. DOI: https://doi.org/10.1187/cbe.18-07-0126

Kapur, M and Bielaczyc, K. 2012. Designing for Productive Failure. 

Journal of the Learning Sciences, 21(1): 45–83. DOI: https://

doi.org/10.1080/10508406.2011.591717

Kastens, KA, Krumhansel, R and Baker, I. 2015. Thinking 

big- Transitioning your students from working with small 

student-collected data sets towards “big data”. Science 

Teacher, 82(5): 50–55.

Kjelvik, MK and Schultheis, EH. 2019. Getting messy with 

authentic data: Exploring the potential of using data from 

scientific research to support student data literacy. CBE Life 

Science Education, 18: es2. DOI: https://doi.org/10.1187/

cbe.18-02-0023

Kobori, H, Dickinson, JL, Washitani, I, Sakuari, R, Amano, T, 

Komatsu, N, Kitamura, W, Takagawa, S, Koyama, K, 

Ogawara, T and Miller-Rushing, AJ. 2016. Citizen Science: 

a new approach to advance ecology, education, and 

conservation. Ecological Research, 31: 1–19. DOI: https://doi.

org/10.1007/s11284-015-1314-y

Lansverk, AL, Lichti, DA, Blinka, KW and Callis-Duehl, KL. 2020. 

Comparing the outcomes of “pre-CURE” to Inquiry-based 

introductory biology labs. Bioscene, 46(1): 10–22.

Magnusson, SJ, Palincsar, AS, Hapgood, S and Lomangino, A. 

2004. How should learning be structured in inquiry-based 

science instruction? Investigating the interplay of 1st- 

and 2nd-hand investigations. In Proceedings of the 6th 

International Conference on Learning Sciences, 318–325. 

Alpharetta, GA: International Society of the Learning 

Sciences.

Miller-Rushing, A, Primack, R and Bonney, R. 2012. The history 

of public participation in ecological research. Frontiers in 

Ecology and the Environment, 10(6): 285–290. DOI: https://doi.

org/10.1890/110278

Mitchell, N, Triska, M, Liberatore, A, Ashcroft, L, Weatherhill, 

R and Longnecker, N. 2017. Benefits and challenges of 

incorporating citizen science into university education. PLoS 

ONE, 12(11): e0186285. DOI: https://doi.org/10.1371/journal.

pone.0186285

Morales, N, Bisbee O’Connell, K, McNulty, S, Berkowitz, A, 

Bowser, G, Giamellaro, M and Mirti, MN. 2020. Promoting 

inclusion in ecological field experiences: Examining and 

overcoming barriers to a professional rite of passage. The 

Bulletin of the Ecological Society of America, 101(4): e01742. 

DOI: https://doi.org/10.1002/bes2.1742

Qualtrics. Retrieved April, 2021 from https://www.qualtrics.com.

Race, AI, De Jesus, M, Beltran, RS and Zavaleta, ES. 2021. A 

comparative study between outcomes of an in-person versus 

online introductory field course. Ecology and Evolution, 11: 

3625–3635. DOI: https://doi.org/10.1002/ece3.7209

Richter, CF, Lortie, CJ, Kelly, TL, Filazzola, A, Nunes, KA and 

Sarkar, R. 2021. Online but not remote: Adapting field-

based ecology laboratories for online learning. Ecology and 

Evolution, 1–9. DOI: https://doi.org/10.1002/ece3.7008

Shah, HR and Martinez, LR. 2016. Current approaches in 

implementing citizen science in the classroom. Journal 

of Microbiology and Biology Education, 17(1): 17–22. DOI: 

https://doi.org/10.1128/jmbe.v17i1.1032

Spell, RM, Guinan, JA, Miller, KR and Beck, CW. 2014. Redefining 

authentic research experiences in introductory biology 

laboratories and barriers to their implementation. CBE- Life 

Sciences Education, 13: 102–110. DOI: https://doi.org/10.1187/

cbe.13-08-0169

Vitone, T, Stofer, KA, Steininger, MS, Hulcur, J, Dunn, R 

and Lucky, A. 2016. School of ants goes to college: 

Integrating citizen science into the general education 

classroom increases engagement with science. Journal 

of Science Communication, 15(1): A03. DOI: https://doi.

org/10.22323/2.15010203

Walker, J, Van Duzor, A and Lower, M. 2018. Facilitating 

productive argumentation in the laboratory. In: Abstracts of 

Papers Of The American Chemical Society (Vol. 255). 1155 16th 

St, Nw, Washington, DC 20036 USA: Amer Chemical Soc.

Walker, JP, Van Duzor, AG and Lower, MA. 2019. Facilitating 

Argumentation in the Laboratory: The Challenges of Claim 

Change and Justification by Theory. Journal of Chemical 

Education, 96(3): 435–444. DOI: https://doi.org/10.1021/acs.

jchemed.8b00745

Weather Underground. 2014, 2021. TWC Product and 

Technology, LLC. Available at http://Wunderground.com. Last 

Accessed 5 August 2021.

Weaver, GC, Russell, CB and Wink, DJ. 2008. Inquiry-based and 

research-based laboratory pedagogies in undergraduate 

science. Nature Chemical Biology, 4(10): 577–580. DOI: https://

doi.org/10.1038/nchembio1008-577

Woodin, T, Carter, VC and Fletcher, L. 2010. Vision and Change 

in biology undergraduate education, a call for action- Initial 

responses. CBE Life Sciences Education, 9: 71–73. DOI: https://

doi.org/10.1187/cbe.10-03-0044

Version of record at: http://doi.org/10.5334/cstp.432

https://er.educause.edu/articles/2020/3/the-difference-between-emergency-remote-teaching-and-online-learning
https://er.educause.edu/articles/2020/3/the-difference-between-emergency-remote-teaching-and-online-learning
https://er.educause.edu/articles/2020/3/the-difference-between-emergency-remote-teaching-and-online-learning
https://doi.org/10.1187/cbe.18-07-0126
https://doi.org/10.1080/10508406.2011.591717
https://doi.org/10.1080/10508406.2011.591717
https://doi.org/10.1187/cbe.18-02-0023
https://doi.org/10.1187/cbe.18-02-0023
https://doi.org/10.1007/s11284-015-1314-y
https://doi.org/10.1007/s11284-015-1314-y
https://doi.org/10.1890/110278
https://doi.org/10.1890/110278
https://doi.org/10.1371/journal.pone.0186285
https://doi.org/10.1371/journal.pone.0186285
https://doi.org/10.1002/bes2.1742
https://www.qualtrics.com
https://doi.org/10.1002/ece3.7209
https://doi.org/10.1002/ece3.7008
https://doi.org/10.1128/jmbe.v17i1.1032
https://doi.org/10.1187/cbe.13-08-0169
https://doi.org/10.1187/cbe.13-08-0169
https://doi.org/10.22323/2.15010203
https://doi.org/10.22323/2.15010203
https://doi.org/10.1021/acs.jchemed.8b00745
https://doi.org/10.1021/acs.jchemed.8b00745
http://Wunderground.com
https://doi.org/10.1038/nchembio1008-577
https://doi.org/10.1038/nchembio1008-577
https://doi.org/10.1187/cbe.10-03-0044
https://doi.org/10.1187/cbe.10-03-0044


12Lichti et al. Citizen Science: Theory and Practice DOI: 10.5334/cstp.432

TO CITE THIS ARTICLE:
Lichti, D, Mosley, P and Callis-Duehl, K. 2021. Learning from the Trees: Using Project Budburst to Enhance Data Literacy and Scientific 
Writing Skills in an Introductory Biology Laboratory During Remote Learning. Citizen Science: Theory and Practice, 6(1): 32, pp. 1–12. DOI: 
https://doi.org/10.5334/cstp.432

Submitted: 15 April 2021     Accepted: 23 August 2021     Published: 01 December 2021

COPYRIGHT:
© 2021 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 
License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source 
are credited. See http://creativecommons.org/licenses/by/4.0/.

Citizen Science: Theory and Practice is a peer-reviewed open access journal published by Ubiquity Press.

Version of record at: http://doi.org/10.5334/cstp.432

https://doi.org/10.5334/cstp.432
https://doi.org/10.5334/cstp.432
http://creativecommons.org/licenses/by/4.0/



