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EXECUTIVE SUMMA

Millions of people around the world watch live streaming wildlife cams, but they aren’t just watching:
they are asking questions, trading information, and witnessing events that may be undocumented in the
scientific literature. The goal of Bird Cams Lab was to design a digital space and framework enabling
online communities to engage in a co-created scientific inquiry process utilizing wildlife cams to answer
bird-related questions of common interest. To achieve this goal, the project engaged participants at
every stage of the research process—including observation, generating and selecting research
guestions, collecting data, reviewing and discussing findings, contributing to data reports, and sharing
results with others. In doing so, Bird Cams Lab provided opportunities for bird cam watchers to satisfy
their own curiosities, become invested in stages of research that are usually reserved for experts, and
bring their own perspectives and experiences to the table in scientific investigations.

Over the four-year grant period, there were a total of six co-created investigations. The first three were
part of a formative phase wherein the project team, led by scientists from the Cornell Lab of
Ornithology, developed and iteratively tested different formats and strategies for supporting co-created
research with lay audiences in an online space. The next three investigations were part of a summative
phase where more elements of the co-creation investigation were consistent, which enabled more
standardized measurement of outcomes. The investigations focused on live streaming bird feeder and
nest cams and a mix of live data tagging and coding of archived video footage. The final three
investigations included Hawk Happenings: an investigation with live data tagging focused on a Red-
tailed Hawk cam on Cornell University’s campus, Battling Birds Panama: an investigation wherein
archived video clips from a feeder cam in Panama were tagged using the Zooniverse platform, and
Cornell Feeders Live: an investigation with live data tagging of video of a set of feeders outside the
Cornell Lab of Ornithology.

The external evaluation team from Rockman Et Al provided timely feedback about participants’
experiences and emerging outcomes during the formative stage that were geared toward informing the
ongoing design and modification of Bird Cams Lab experiences. This was followed by comprehensive
evaluation efforts during the summative stage, wherein the evaluation team collected and analyzed
data about participation trends across the three final investigations—including an examination of data
about which stages participants engaged in and how extensively they were involved in each stage within
each investigation, pre- and post-participation surveys, and post-participation interviews with a sample
of participants from each investigation. Ultimately data were collected from more than 16,000
individuals who engaged in some way with the final three Bird Cams Lab investigations—including at
least 3,339 participants in Hawk Happenings, 9,026 in Battling Birds Panama and 11,758 from Cornell
Feeders Live). While there was limited diversity in race, ethnicity, age, and education level within the
participant group, there was noticeable diversity such that hundreds identified as disabled and/or
homebound.




Motivations for Participation

Four overarching trends emerged in participants' motivations for engaging in Bird Cams Lab co-created
investigation opportunities when prompted in interviews. These included participants who were simply
happy to help out, participants who were motivated by the opportunity to contribute to science,
participants who were curious about the co-creation process (these were often other STEM
professionals, including informal science educators), and those who appreciated being part of a global
community collaboratively engaged in these investigations. No matter their reason for participating,
there seemed to be a common sense among participants that their contributions had benefited science
or that there were personal benefits to participation—and very often, both.

Overall Engagement

About a quarter of tracked participants for each investigation were active contributors

i.e., participating in the question design, data collection, data exploration and/or helping to report
findings. In contrast, passive involvement in a given investigation was characterized by reading project
emails and/or watching the cams but not contributing to question design, data collection, data
exploration or reporting activities). While the Bird Cams Lab platform was designed to encourage
participation across multiple stages of the investigative process, the vast majority of participants
engaged in one stage of the investigation (i.e., across all three investigations, 82% of the active
contributors participated in only one stage of an investigation). The data collection stage had the highest
percentage of participation, (i.e., across all three investigations 57% of the active contributors tagged
data for one or more study). However, due to the high number of participants overall, there were still
hundreds of people contributing to most stages within each investigation, and there were dozens of
participants within each investigation who participated in every stage of a given investigation.

The Role of Confidence in Engagement

We found that participants were more likely to engage in investigations (and stages of the research
process within investigations) when they felt more confident in their knowledge and skills. Survey data
for two of the three final investigations suggest that those with more bird and bird behavior knowledge
at the outset of an investigation (as measured by a series of knowledge questions on the pre-survey)
were more likely to be active contributors to those investigations. Interview findings shed light on
instances where participants were more reluctant to participate during the question generation stage
when they didn’t feel that they had as much relevant knowledge to draw upon, and during the data
collection stage when some feared that they might “mess things up.” Most active contributors,
however, had come to understand the data quality assurances that were in place to ensure that the
resulting data sets would be valid even if there was not 100% accuracy in data tagging. Some
participants indicated that their comfort engaging more actively in investigations grew over time, as
they had opportunities to see the process unfold in its entirety and gained more confidence in their
ability to make meaningful contributions.

Learning Outcomes

Not surprisingly, there were different outcomes among participants depending on the number of stages
of a given investigation they had participated in and how extensively they had participated within
certain stages. Bird knowledge was measured on the pre- and post-participation surveys for each of the
final three investigations using a 9-question quiz that was customized for the types of birds and bird
behaviors featured in each investigation. In contrast to passive participants, active contributors’ bird




knowledge scores from the three final investigations had statistically significant increases from the pre-
participation survey to the post-participation survey—and, on average, the more stages a participant
engaged in, the greater the increase in bird knowledge scores. Active participants also had statistically
significant gains in the average percent of “answerable research questions” they could correctly identify
and there was a statistically significant increase from the pre-participation survey to the post-
participation survey across the three final investigations among active contributors on self-reported
familiarity with birds. More active contributors were also more likely to believe they could make
contributions to the scientific study of birds and came to feel greater confidence in their ability to
contribute to science.

Behavior Outcomes

Another goal of the Bird Cams Lab project was fostering adoption of certain behaviors related to birds
and that help birds and the environment. For behaviors where people weren’t already extensively
engaged, there were statistically significant increases in the number of people taking actions that help to
support and protect birds at their homes and in their communities or people making financial
contributions to organizations that support birds, wildlife and environmental causes. Participants also
noted greater interest in birdwatching and suggested that the experience of participating in Bird Cams
Lab had an impact on their ability to identify and appreciate birds. Similarly, participants came to be
more interested and curious about bird behavior, and that led to even greater appreciation of the birds
they were seeing in the real world.

The Role of Co-creation

The project team supported co-created investigations as defined by Bonney et al. (2009), with the
community of participants contributing to each stage across the scientific process, and at least some
public participants involved in most or all phases. However, scientists on the project team were
responsible for creating the framework and facilitating the process. Sixty-one percent of survey
respondents noted that participants like themselves were supporting a research effort led by a team of
scientists at Cornell, whereas 20% felt there was equal ownership and responsibility shared among
scientists and lay participants, and 2% of survey respondents felt they had more of a leadership role
within the investigations. Despite the fact there were limited numbers of individual participants
engaging in every stage of a given investigation, and even though a minority of participants felt they had
control or shared control of the investigations with the scientists, these research studies were co-
creations of scientists and lay audiences insofar as a community of non-scientists was actively engaged
along with scientists in every stage of the process. Furthermore, only 18% of survey respondents
preferred a co-created process where community members and scientists decide on research questions
together; two-thirds (i.e., 66%) didn’t have a preference—either saying as much, or noting equal interest
in investigations led by scientists and co-created investigations—and only 16% preferred scientist-led
investigations.

Benefits of Co-creation

Among the advantages of co-created research for scientists, participants (including some STEM
professionals) noted the fact that a co-created process can improve the quality of scientific research by
incorporating different perspectives—including those of a variety of different STEM professionals—and
also gives scientists a better sense of the public’s interest. For participants, a clear advantage of co-
created investigations was a greater sense of buy-in and, therein, engagement with and understanding
of the scientific process. Participants noted that co-created projects enabled contributions from those




not traditionally engaged in some aspects of science. Insights such as these provide ample evidence into
the benefits of co-created research as well as examples and indicators of best practices for effectively
engaging members of the public in co-created research opportunities.

Insights for Practicing Co-Creation

One of the most valuable components of the study was surfacing insights that helped team members
understand key factors needed to help make co-creation successful. Perhaps foremost among these
findings was the importance of facilitation—specifically facilitation that helps to set a positive and
encouraging tone for all participants, that provides timely and effective communication throughout an
investigation, that encourages discussion and provides constructive feedback, and that helps to set
appropriate constraints for investigations to help ensure that they are both feasible and have scientific
merit.

Implications from COVID-19

Even before the pandemic, participants were appreciative of the opportunity to engage in scientific
research while doing something that they loved—i.e., observing the natural world. However, during the
pandemic, the opportunity to participate in Bird Cams Lab took on even greater importance and seemed
to have even greater significance in people’s lives. Participants shared an abundance of anecdotes about
needing something stimulating to do while they were away from work or experiencing lockdowns or
social distancing that precluded their ability to interact more socially with others. A retiree who enjoys
traveling noted that she’d missed getting to visit new places during the pandemic, but appreciated the
fact she could virtually visit beautiful places like Panama as a result of participating in Bird Cams Lab. A
family that wasn’t able to get together physically during the pandemic found opportunities to connect
with one another in a meaningful way through the common task of tagging data clips and discussing
what they were seeing and learning during these investigations—it gave them something to talk about
and something that they could still enjoy together. A caregiver who’d taken on the burden of looking
after an immune-compromised loved one noted the fact that the Bird Cams Lab experience had equated
to a therapeutic release from other daily responsibilities that had filled her life during the pandemic.
Similar anecdotes about the powerful impacts of the Bird Cams Lab, and Bird Cams in general,
experience pre-date the COVID-19 pandemic, but seemed to become more prevalent in the later years
of the project when work and life patterns were disrupted and social-distancing was the norm.




INTRODUCTION

Bird Cams Lab! was a four-year project led by the Cornell Lab of Ornithology that sought to engage
people from around the world in co-created research projects centered on Bird Cams. Funded by a
National Science Foundation: Advancing Informal STEM Learning grant, Bird Cams Lab sought to go
beyond the scope of most citizen-science projects by inviting participants to take part in all steps of the
scientific process, moving from observation to question generation and refinement, to collecting data,
and culminating with the analysis of data and reporting of findings.

Figure 1. Stages of Bird Cams Lab Investigations

QUESTION DATA ANALYSIS/ REPORT/REVIEW
OBSERVE DESIGN DATA COLLECTION EXPLORATION FINDINGS

D (o

0O~—0

Over the course of this project, thousands of participants engaged alongside scientists in six
investigations, each with its own research focus. Along the way, the Bird Cams Lab team developed a
wealth of experience and understanding about the best ways to engage informal online learning
communities in co-created research, while also investigating how these projects affected participants in
terms of bird knowledge, interest and enthusiasm for scientific research, and confidence in their skills
related to birds and science.

This report presents findings from the summative evaluation of the project, conducted by external
research partners at Rockman et al. While this report will reference the three formative studies during
which techniques and tools for effectively engaging lay audiences in the co-created process were
developed and refined, its primary focus is the three final investigations that made use of the knowledge
gained from the preceding investigations.

The Bird Cams Lab investigations focused on three cams— the Cornell Feeder Cam, Cornell Hawk Cam,
and Panama Fruit Feeder Cam. For some investigations, participants watched the cams live and
recorded observations through a web platform developed by the project team. For other investigations,
participants watched and tagged pre-recorded clips from the cams through Zooniverse — a citizen-
science website (see Figure and Figure below).

L Full grant title: Co-Created Science and Discovery with Live Bird Cams: Designing an Online Collaboration System for
Community Learning




Figure 2. The Six Investigations of Bird Cams Lab
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Hawk nest cam, 2020

5. Battl:cng I?lrds. Panama Taggcl):gzgec::r::::leigecllps Summative
Panama fruit feeder cam, 2020-2021 investigations
6. Cornell Feeders Live : :
= Live data tagging
Cornell feeder cam, 2021
, —
Figure 3. Live data tagging on Bird Cams Lab website (left) and recorded clip tagging on Zooniverse website (right)
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2 Image credits: White-breasted Nuthatch by Ryan Schain, Thick-billed Euphonia by Dorian Anderson, Red-tailed Hawk by Alex
Lamoreaux, Macaulay Library
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Methodology

Formative Evaluation

The formative evaluation included analysis of data on participation. At various stages, participant
interviews focused on formative feedback but also enabled exploration of emerging outcomes.
Additionally, non-standardized participant surveys sought to measure appeal and emergent outcomes
but also fostered iterative design of more standardized surveys that could be used during the
summative stage.

Efforts in the first half of the grant to develop, test, and iteratively modify evaluation instruments as well
as efforts to iterate on the co-creation facilitation process ultimately resulted in more standardized
processes for running co-created investigations as part of Bird Cams Lab, as well as more standardized
methods to assess outcomes and impacts. Greater standardization of the co-creation process and the
instruments used to measure impacts and outcomes among participants subsequently enabled greater
comparison across the final three investigations.

Summative Evaluation

During the summative stage of the project (the three final investigations), a team of evaluators from
Rockman et al sought to answer the following evaluative questions:

Summative Evaluation Questions

1. To what extent are the experiences of participants who engage in the research
experiences similar to and different from those Bird Cams viewers who do not
engage in research experiences?

2. To what extent are the experiences of participants who engage in multiple Bird
Cams Lab investigations similar to and different from those who participate in only
one investigation?

3. To what extent are the experiences of participants who participate in multiple
stages of the scientific process different from those who participate in only one
stage?

4. To what extent are the experiences of participants who engage more extensively in
one or more stage of a research experience similar to and different from those of
participants who participate less extensively?

Participant Surveys

Pre- and post-participation surveys for each summative investigation incorporated a standardized set of
guestions to facilitate comparison across investigation experiences. These surveys had only slight
variations in content-knowledge questions based on the specific birds and bird behaviors being studied
in each investigation. They also contained questions that addressed participants’ behaviors related to
birding and science, their confidence related to knowledge of birds and scientific research, their interest
in various stages of a scientific investigation, and their perspective on the co-creation process.
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Participation Interviews

Evaluation efforts during the summative stage of the project also included three rounds of participant
interviews—one for each of the summative investigations, for a total of 38 interviews—and pre- and
post-participation surveys. Interviews were conducted shortly after the conclusion of the Hawk
Happenings investigation, as the Battling Birds Panama study was wrapping up and after the data-
collection stage had been completed for Cornell Feeders Live.

FParticipation Data and Analysis

An extensive set of participation data was also compiled. This data set provided greater understanding
and fostered insights about when and how participants had engaged with various Bird Cams Lab
investigations. The participation data were used to characterize participants’ involvement in terms of
breadth, intensity, and number of investigations as described above under Research Questions. The data
were gathered from a variety of sources, including but not limited to newsletter subscriber lists, webinar
registrations, discussion board comments, and website login information. In total, 15,909 individuals
were tracked, either via their participation data (available for 15,375 individuals), survey data (available
for 5,167 individuals), or both.

Figure 4. Data available on
Bird Cams Lab participants

Survey data: 5167
individuals total

15,909 total
individuals tracked

Participation data:
15,375 individuals total

Whenever possible, we used actual participation data as gathered through various platforms rather than
self-reported participation from surveys. Information on whether participants watched the cams or
shared the research findings was only available through self-report, however.

Participant Profile

Participant Numbers

A key philosophical question for the Bird Cams Lab project was defining participation and characterizing
the different ways that individuals chose to engage. A larger discussion of participation trends can be
found below (starting on page 17). Here, we present a profile of all Bird Cam Lab participants, including
those who were active contributors in the scientific process and those who played a more passive role
(See page 18 for additional information on how passive and active participation were defined). As noted
above, almost 16,000 individuals took part in the summative investigations in some capacity.

12




Figure 5. Participant Numbers for Summative Bird Cams Lab Investigations

Hawk Happenings 3339
Battling Birds Panama 9026
Cornell Feeders Live 11,758

0 2,000 4,000 6,000 8,000 10,000 12,000
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Figure 6. Participation by Investigation Stages

signed Up - [IEEEEEEEEEEE ¢ 026
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Reviewed Findings | 42
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Participants could “sign up” for project investigations via the Bird Cams Lab website or by completing a
pre-survey, but they could also contribute to project activities without completing this preliminary step.
Data from the Bird Cams Lab messaging software also shows that almost 13,000 subscribers read Bird
Cams Lab emails, although most of these individuals did not become active contributors to the
investigations.

Recruitment

Bird Cams Lab participants were recruited largely from the Cornell Lab of Ornithology’s existing mailing
lists. Participants answered demographic questions on pre- and post-surveys, and their earliest
demographic responses were used to compile the data shared here, representing approximately 4,000
participants.

Participant Demographics

Among participants who completed surveys and answered demographic questions, 75% were female,
67% were 55 or older, and 89% were white. Participants also tended to be well-educated, with 72%
holding a bachelor’s degree or higher. These numbers were fairly consistent across investigations
through the Bird Cams Lab project.
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Figure 7. Participants' Gender Figure 8. Participants’ Ages

(n=4166) (n=4007)
Female I <25 W 5%
Male [ 21% 2534 W 7%
3544 W 9%

Non-binary | 1%
45-54 Ml 12%

55-64 I 25%
65-74 I 30%
75+ HH 12%

Prefer to self-describe | 1%

Prefer not to disclose | 2%

Figure 9. Participants’ Race/Ethnicity
(n=2419, participants could choose more than one)

American Indian or Alaska Native | 1%

Asian | 2%
Black or African American | 0%

Hispanic I 2%
Native Hawaiian or Other Pacific Islander | 0%

White I 39%
Other: B 2%
Prefer not to answer [l 5%

Figure 10. Participants’ Education Level (n=4174)

Grade school | 1%
High school [ 13%
Associate Degree [ 11%
Bachelor Degree I 33%
Master’s Degree [N 235%

PhD, JD, MD or other Doctorate Degree [ 11%

Prefer not to answer W 4%

Participants’ Professional Backgrounds

PARTICIPANT INSIGHTS

Equal percentages of participants were working and retired
(45%). We also saw a high percentage of participants report
working at home, likely due to the Covid-19 pandemic. While we
did not ask participants directly about this in our surveys, many
commented on this fact in their open-ended responses, e.g., “As
most everybody else in the planet, working on a reduced shift
currently due to COVID,” and, “On part time short term due to
Covid 19 but generally full time.”

helpful as possible and try to learn a
little bit more science-wise and bird-
wise.” (HH11)
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Figure 11. Participants’ Work Status
(n=4073, participants could select more than one)

student [l 8%
Currently unemployed - 11%
Employed part-time [l 12%
Employed full-time || NN 33%
Retired |NNEGEGEGE 25%

Figure 12. Participants’ Work Location
(n=1625)

| work at home. _ 50%
| work outside the home. _ 50%

Figure 13. Participants’ Science Backgrounds
(n=4137)

Slightly less than a
third of participants
had a science
background—either
currently working in No science Science
a scientific field, background: 69%
having previously

worked in a scientific = Training to be a
field, or currently scientist/work in
training to work in a a science field
scientific field.

m Currently a
scientist/work in
a science field

background:
31%

m Formerly a
scientist/worked
in a science field

There were also 435 individuals who reported being disabled, homebound, or stay-at-home caretakers.
While these participants make up only about 10% of the overall sample of survey respondents, their
experiences underline the importance of citizen-science activities that can be done by a variety of
audiences. Interview findings suggest that Bird Cams Lab participation, and bird watching in general, can
have special impacts on people who are homebound—including a greater sense of their ability to learn
and actively make contributions to science.
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Figure 14. Additional Participant Characteristics
(n=4199)

Disabled ] 4%
Homebound I 3%

Stay-at-home caretaker I 4%

Participants’ Location

There were Bird Cams Lab participants from all over the world. While the vast majority of Bird Cams Lab
participants were located within the United States, there were also notable numbers of international
participants (16% of participants, n=648). Participants frequently noted that the global nature of the Bird
Cams Lab investigations was an appealing element.

Figure 15. Participants’ Locations
(n=4169)

Outside of the United States, but within North America - 9%

Outside of North America . 7%
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PARTICIPANT TRENDS AN
ENGAGEMENT PATTERNS

Participation Stages

While no two Bird Cams Lab investigations were exactly the same, the three final investigations followed the same basic path as
illustrated in the diagram below. Participants were invited to take part in co-creation throughout the scientific process, from
observing the cams to editing the final report. Individual stages of the investigations often had multiple ways to get involved
(e.g., attending a webinar and commenting on a message board). The stages also had different forms of involvement for lay
participants and scientists. At times, scientists took a leading role (as in analyzing the data collected). The Bird Cams Lab team,
however, invited participant involvement and feedback throughout the entire process.

Figure 16. Outline of Steps and Stages of the Bird Cams Lab Investigative Process

OBSERVE SIGN UP QUESTION DATA DATA ANALYSIS/ REPORT/REVIEW
DESIGN COLLECTION EXPLORATION FINDINGS
— " O
? oA
oocy SN 0O—0

Cam Observation Promote Submit Questions | Platform Design Data Analysis Report Creation
Thousands of Investigation Participants are Scientists set up an | After data taggingis A member of the
participants Opportunity invited to online data complete, scientists Bird Cams Lab team

watched Bird Cams

before participating.

Others joined
without prior cam-
watching
experience. © ¢

Scientists reach out
to potential lay
contributors and
invite them to
participate. 4

contribute ideas
for research
guestions that
could be answered
through
observations with
Bird Cams. © ¢

collection platform
tailored to the
research question.

*

analyze data and
produce interactive
visualizations. 4

writes up findings
from the
investigation.

*

KEY:

© Lay Participants
@ Scientists

Sign Up

Cam Watchers and
citizen scientists are
invited to take part in
a scientific
investigation around
a particular bird cam.

@

Discussion
Dialogue about
potential questions
takes place on
Disqus forums and
webinars. ® ¢

Data Collection
Participants collect
data by “tagging”
archived video clips
or live streaming
Bird Cam feeds to
note types of birds
and bird behaviors.

©e

Data Exploration

Participants are invited
to view, interact with,

and discuss the

visualizations and can

ask questions, make

comments, and engage

in dialogue with
scientists and other
participants.

©e

Report Review
Participants are
invited to review
the report,
providing
comments and
recommendations.
Their feedback
helps ensure
accessibility for
broader audiences.

©e

Question Voting

A short list of
questions (and/or
relevant variables),
is presented by
scientists for
participants to

vote on. © @

Data Request

Participants could also

request raw data to
work with

independently.
©

Sharing Findings
Participants and
scientists spread
the word about
what they learned
through the
investigation. © ¢

PRE-SURVEY

POST-SURVEY (CFL)

POST-SURVEY
(BBP/HH)
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Active vs. passive styles of engagement
The Bird Cams Lab team considered everyone who PARTICIPANT INSIGHTS

engaged with the project — whether by reading Bird
Cams Lab communications, viewing the cams, or
taking a more active role in the investigations — to be
a project participant. The team posited, however,
that engagement in more stages of the scientific
process would lead to greater impacts on
participants. They also predicted that engagement in
multiple investigations and deeper involvement in a
single phase of an investigation could lead to greater
impacts on individuals’ outcomes.

with the Hawk Happenings where | was just there
from the data collection onwards, | feel like it was a
much more rounded experience, and | feel much
more engaged and attached to it, if that makes
sense...l definitely felt like it was a fuller experience,
and | felt more motivated after being part of this
process. | felt a sense of self-obligation, not any
pressure from the scientists, but self-obligation to
continue forward and going through all the steps,
and | felt more motivated...each step of the way.”
(HH®6)

To begin making sense of how nearly 16,000
individuals engaged with the three final Bird Cams
Lab investigations, we began by dividing them into
“active” and “passive” participation categories. We
defined active contributors as those who
participated in at least one of the four main stages of
the scientific process: question design, data
collection, data exploration, and reviewing findings.
Those who only read emails or self-reported that
they only observed the cams were classified as
having passive involvement and were used to run
comparative analyses.

Figure 17. Active Versus Passive Engagement

m Active Contributors Passive Participants
Hawk Happenings
e 75%
Battling Birds Panama
o 8%
Cornell Feeders Live
0, 0,
(n=11,758) Eor
Across three final investigations
R 76%
0% 20% 40% 60% 80% 100%

Although the percentage of active contributors to Bird Cams Lab is lower than that of participants who
were more passive, it still translates to more than 3,600 individuals across the three final investigations.
The following quote illustrates how one participant perceived the difference between active and passive
participants.
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PARTICIPANT INSIGHTS

have direct responses from the scientists to questions that maybe weren't going to be directly studied, but that were still
valid to think about, and to discuss further...It felt like the people that were engaged were very engaged, and then there
was that second subset of people that were just sort of looking around and kind of posing random questions.” (HH6)

Breadth of Participation

It is both a distinguishing feature and persistent challenge of informal science learning that participants
can opt in or out of experiences based on their availability and interests. With that in mind, the Bird
Cams Lab team designed investigations with a modular framework that enabled participants to join in
one or more activities, or participate throughout. Participation in every stage of a given investigation
was possible, but not required.

While a few participants were involved in every stage of the scientific process, many more took part only
in certain parts of the investigations. Many people opted to follow along the project in a passive way
(see Figure 16). Among active contributors to the investigations, the dominant trend was to take part in
just one of the four main scientific stages.

Figure 18. Participation Breadth — Number of Stages of the Scientific Process Participants Took Part In
(active contributors only)

one stage two stages M three stages M four stages™®
Hawk Happenings (n=830) 83% 13% EHA
Battling Birds Panama (n=2015) 92% 6% E
Cornell Feeders Live (n=1371) 77% 16%
Across three final investigations (n=3640) 82% 12%

* Those who participated in all four stages of the scientific process represent 1% or less of active contributors.
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Figure 19. Participation in Four Main Stages of the Scientific Process
(active contributors only)

Question Design Data Collection W Explore Data W Review Findings
Hawk Happenings (n=830) 53% 31%
Battling Birds Panama (n=2015) 16% 72%
Cornell Feeders Live (n=1371) 60% 35%
Across three final investigations (n=3640) 38% 57%

* Those who Reviewed Findings represent 3% or less of active contributors.

Participation in the four stages varied by investigation. For example, Battling Birds Panama saw
particularly high participation in the Data Collection stage, because this step was hosted through
Zooniverse — a citizen-science website that reaches large audiences beyond the usual Bird Cam viewers
who follow the Cornell Lab of Ornithology. Overall, 42 individuals took part in the reporting process by
reviewing findings and providing feedback on draft manuscripts for publication. While this was a small
number in comparison to the thousands who participated across the lifespan of this project, it was an
impressively-sized group of uniquely engaged contributors nonetheless.

Given the varied entry points for the participation, it is understandable that some participants may not
have fully understood the unique nature of these investigations in that they went beyond having
participants contribute by collecting data. There are, of course, subtle but important differences
between doing the research together versus creating the research together. The Bird Cams Lab team
embraced the variety of ways people chose to participate in the project. However, because they felt
it important for participants to see how their own effort fit into the co-created process, messaging
about the meaning of co-creation and how the community was sharing the "driver's seat" was
ultimately emphasized.

Depth or Intensity of Participation

In addition to there being variation across stages of an investigation, there was variation within each
stage in terms of the depth or intensity of engagement. Bird Cams Lab participants were given multiple
ways to take part in a particular step of the scientific process. For example, a participant could
participate in question design by suggesting and discussing questions on a message board, attending a
webinar on question design, and/or voting on a set of questions via a survey. Participants were assigned
intensity scores for three stages of the scientific process: question design, data collection, and data
exploration (see table below for intensity rating criteria).

Figure 20. Methods for Characterizing Participant Intensity by Investigation Phase

INVESTIGATION PHASE METHOD FOR CHARACTERIZING INTENSITY

Question Design e Participated in one aspect vs. more than one aspect of this stage

e Participants divided into four quartiles based on the number of

Data Collecti
ata Loflection observations they had made/videos they had tagged

Data Exploration e Participated in one aspect vs. more than one aspect of this stage




Question Design Phase

Participants could take part in the Question Design phase by contributing comments on the Bird Cams
Lab forums, upvoting or downvoting others’ comments, attending webinars focused on question design,
or voting by survey. Overall, almost half of active contributors took part in at least one aspect of
guestion design, and 14% took part in two or more.

Figure 21. Question Design Participation
(Ns represent active contributors)

59%

Hawk Happenings o
(=530 [ 29% SRR
12% didn't participate in this phase
Battling Birds Panama 9?3% M participated in one aspect
(n=2015) % ?
M participated in more than one
40% aspect

Cornell Feeders Live 27‘7
(n=1371) 10% °

Data Collection Phase

Data collection for the three summative investigations looked slightly different from one investigation to
the next. In the Hawk Happenings and Cornell Feeders Live investigations, participants recorded
observations while watching a live Bird Cam. In the Battling Birds Panama investigation, participants
tagged recorded video clips hosted on the Zooniverse website. Compared to the feeder cams, where
there are birds visiting frequently throughout the day, participants watching the hawk nest cam for
Hawk Happenings experienced larger periods of inactivity due to the more sporadic nature of bird
behavior at the nest. As a result of these factors (nest vs. feeder cam, live versus archived data
collection), the amounts of data participants contributed in each investigation varied. The quantity of
participants’ observations/data tags was used to split them into quartiles that represent the intensity of
their data collection. For Hawk Happenings and Battling Birds Panama, the majority of participants
provided 1-25 observations. Cornell Feeders Live participants tagged far more data, with 50% logging
100 observations or more. The most dedicated Cornell Feeders Live participants collected upwards of
3,000 observations.
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Figure 22. Observations Made During Summative Investigations
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Observations Made

Data Exploration Phase

In addition to looking at and commenting on data visualizations and requesting raw data for analysis,
participants could also take part in the Data Exploration stage by attending a webinar where preliminary
investigation findings were presented. While many participants engaged in one aspect of Data
Exploration, very few did so in more than one way.

Figure 23. Data Exploration Participation During Summative Investigations
(Ns represent active contributors)

Hawk Happenings 65%
(n=830) F 30%
4% didn't participate in this phase
Battling Birds Panama 20% 79% M participated in one aspect
(n=2015) m °
W participated in more than one
66% aspect

Cornell Feeders Live
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Factors That Influenced Participation

General interest seemed to be a consistent factor among those who opted to participate in Bird Cams
Lab investigations. However, there were also additional factors that seemed to influence the breadth
and depth of participation, including:
e Comfort levels resulting, in part, from participants’ knowledge about birds and/or science and
familiarity with the Bird Cams Lab co-creation process,
e Available time to participate (or lack thereof), and
e Prior science, birding, and bird-related experiences.

Participant knowledge and comfort

Whether it was general scientific knowledge or knowledge related to a specific cam or type of bird or
bird behavior, there were instances where participants’ lack of knowledge could inhibit their willingness
or ability to participate.

“[It is] harder to be as fully engaged in [a] co-creation process when a participant is not as
knowledgeable about the cam or birds being targeted.” (CFL1)

Survey data suggests that incoming bird knowledge (or a lack thereof) can sometimes be a barrier to
participation. Despite telling participants that those with all levels of knowledge are welcome in Bird
Cams Lab, those with lower scores on the bird knowledge quizzes for Hawk Happenings and Battling
Birds Panama were less likely to continue on to become active contributors to the investigations.

This was not the case, however, for the Cornell Feeders Live investigation. This investigation was
unusual, in that most of the pre-survey respondents went on to become active contributors to the
project. The active contributors and passive participants did similarly on their pre-survey bird quizzes,
with no significant difference.

Figure 24. Differences in Incoming Bird Knowledge — Active Contributors versus Passive Participants

Passive Participants (n=817 5.29
Hawk P ( )
Battling Birds Passive Participants (n=888) 3.31
Panama Active Contributors (n=283) _ 3.96*
Cornell Feeders Passive Participants (n=93) 6.60

Live Active Contributors (n=1635) _ 6.43

0 1 2 3 4 5 6 7 8 9
*indicates statistically significant differences in average correct knowledge scores (out of 9 questions) on pre-survey (p<0.05)

Familiarity with certain types of birds or bird behaviors or the scientific process in general was also
noted as a factor that influenced participation by interviewees.

“I’'m not a birdwatcher but | enjoy watching birds. Others were more knowledgeable, so | sat
back and went along with it.” (CFL3)
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“I do believe some people would be intimidated by scientists, but | have experience enough to
not be intimidated.” (CFL5 p8)

During the question generation stage

Some participants explained how their lack of knowledge was a factor that limited their participation in
the question generation phase insofar as participants sometimes hesitated from contributing questions
in instances where they felt their knowledge level was less than that of other participants. When asked
what their initial level of comfort was in doing investigations along with scientists, one participant said “/
wasn’t too comfortable with that. | was fairly certain that the things that | might have been wondering
about might not have been important to the bigger picture.” (CFL10)

Another participant doubted the ability to answer the questions they had: “Sometimes the questions
that would come to my mind, | didn’t necessarily feel lend themselves to quantifiable data. So I did not
actually put up questions on the Wonder Board but | did read it, and | did once other people had put
them up. | did vote on it.” (HH7)

In addition to not thinking that their questions had merit, some participants were afraid of
embarrassment.

“[l] don’t want to put a question in where people were like ‘what was this guy thinking?’” (BBP5)

“I’'m someone that can be socially anxious, so sometimes | post my question and then

afterwards. I’'m like, ‘Oh my gosh why did | do that?’...like that’s such a stupid question someone
else asked that. But as | went along, | realized that there’s no real stupid questions, and that | felt
reassured as | went along, | would say. It felt like that was a real aim as well, was to make sure
that people didn’t feel alienated by a lack of experience in that way.” (HH6)

During the data collection stage

There was some hesitation stemming from a lack of bird-related knowledge during the data collection
phase as well; participants wanted to make sure they were submitting accurate data, but most realized
that the collaborative and redundant nature of data collection meant that it wouldn’t ruin things if they
occasionally tagged something incorrectly. Likewise, the support of Bird Cams Lab facilitators helped to
assure participants at all levels of knowledge or experience that their help was welcomed and that they
wouldn’t mess things up.

“[l had] more trepidation than | had anticipation...wondering if my skill set would allow me to be
a good participant. | hesitated several days — sat and watched...| wasn’t sure which
[woodpecker] was which...I practiced in my head and after a couple days felt | could get in and
tag.” (CFL10)

“If I didn’t think | was able to do it accurately | probably wouldn’t have continued participating
because | would have felt like it wasn’t helping.” (BBP1)

“If there wasn’t a way to qualify that | was unsure about it, | might not have gone through so
many clips, but | think that the fact that there was a way for me to say ‘hey I’m not quite sure
about this,” it kept me continuing going forward because | knew that there was a sort of a
backstop there to make sure that this wasn’t being counted as a 100% fact or something.” (HH6)
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Even though they knew they weren’t going to mess up the investigation, some participants noted that
they were more comfortable participating when there was a greater familiarity with the cam or the
types of birds being investigated.

“I think that because | knew the birds, the eight birds we were looking for [in CFL]. | was
comfortable with that set of birds. It made it so that | could participate as much as | wanted to.”
(CFL8)

One participant noted that they’d been more hesitant to contribute in the Battling Birds Panama
investigation because they didn’t have as much experience with that cam or knowledge of the birds that
come to that feeder. When it came to her confidence to participate in Cornell Feeders Live, they
explained that they were: “more assured of myself...more confident. With [BBP] | was so terrified I’'d
make a mistake.” CFL1 p2

During the analysis and reporting stages

Interviewees also voiced hesitation to participate in the analysis and reporting stages of the
investigation in some instances on account of a lack of knowledge and subsequent lack of comfort in
doing so. On the other hand, having more knowledge about the birds being studied, birds and bird
behavior in general and/or the scientific process led other participants to feel more comfortable
participating in various stages of the investigation.

More information about factors that may have contributed to participants’ willingness and perceived
ability to participate in different stages of the investigations are included in Appendix B.

Gaining comfort over time

Despite instances where participants felt they lacked the requisite knowledge to participate initially,
some noted that their comfort participating more fully in investigations had grown over time. And
others indicated that they expected their comfort with participating would grow over time.

“So by, you know, 10, 12, 15 clips. | was like okay that’s this guy and you know, ‘Oh | know that
one.” Definitely as my confidence level rose it was a lot easier to, you know, click my response
and send it in...knowing that it was pretty accurate.” (HH11)

“I was an arson investigator, and you know sometimes we’d have to go in and do a little bit
more, you know, digging around and more specific stuff but it was pretty cut and dry. But with
this, there was so many other facets, because yeah there was a displacement, but what were the
birds that were involved in displacement, you know, time of day, and stuff like that...so it was
interesting because the first couple of ones...I probably took me 15 minutes to get everything,
and then the more | did the better | got [at] it.” (BBP5)

“I was definitely more comfortable doing Cornell Feeders Live after doing Battling Birds
Panama and getting my feet wet on that project...[l] understood what they were looking
for...understood the process the second time around.” (CFL10)

“I gained confidence participating over time because...| came to understand that ...nothing was
all on my shoulders. If | couldn’t ID something, the project wasn’t going to fail...the bird wasn’t
going to die.” (CFL2)
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“I think if | was doing one again...some of the things about coming up with the questions and
stuff I might feel more confident. | guess that’s the part that made me feel afraid the phrasing of
how to make the scientific question about, you know, coming up with the way to. | mean, that’s
my science [background] that got in the way of letting me just say what | was thinking. | didn’t
want to sound foolish, which is dumb because nobody would have made me feel foolish. But that
was the beginning, you know, so it’s when the whole thing started....’'we’re looking for people to
come up with the question,” | wasn’t 100% sure what they really meant.” (BBP9)

Timing and availability of time

Participants noted that their participation was influenced more by the availability of time (or lack
thereof) than any other factors. Most noted that they would have participated more if more time had
been available and some noted that they had participated more because they happened to have more
time on their hands. (Note: we'll talk more about the impacts of the pandemic on people’s participation
experience in a later section).

“I will say | was a little bit more distracted with other things like in my life going on so I didn’t
participate as heavily in that one as | did with, like the Hawk Talk or the Battling Birds.” (HH5)

Participants also appreciated the fact that they could often squeeze participation into short periods of
time or use participation as an opportunity to take a break from other tasks.

“One of the things that appealed to me is that it was very flexible. | could just sign on at any
point, and spend 15 minutes. Like, for lunch break, whenever | had time | wanted to take off from
working on my other stuff...it became a relaxing thing to do during the day so kind of this break
especially during the last year, it became very nice whether | was counting birds, or just watching
the cams, you know, it was kind of a ritual to disconnect from doing what I usually do to give
something completely different.” (CFL6)

“Totally gets my mind off of school...I’'m going home and I’m going to stare at some birds. It’s
something that | like to do that | think has value. I’'m happy to be a part of it.” (BBP3)

“[You] can do it for 1 min or 30 minutes, no time requirement. There were months where | had it
up on computer—when stopping to fix coffee | would do 2 clips and then move on.” (BBP1)

Time of year was a related factor insofar as some participants were more inclined to participate during
times when weather was not conducive to doing things outdoors.

“So for me the winter indoor thing is...it’s a huge thing and | was really looking forward to it.”
(HH12)

Timing was also a factor in when participants started to participate. In some instances, participants got
started after the question generation stage simply because they didn’t learn about the investigation
until after that stage had been completed.
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Prior science and bird-related experiences

Since Bird Cams Lab participants were largely drawn from the existing watchers of Cornell’s Bird Cames, it
is therefore not surprising that many were already enthusiastic birders or engaged in a variety of other
bird-related activities. Those who went on to be active contributors to the Bird Cams Lab investigations
reported having taken part in a wide range of birding activities on their pre-surveys. These prior
experiences and activities ranged from watching live cams, to feeding birds, to donating to organizations
that help birds or other wildlife. Those who went on to become active contributors in investigations
were more likely to report having engaged in a variety of activities involving birds in the past year in
comparison to those who engaged in more passive ways.

Figure 25. Birding Behaviors Reported on Pre-Survey — Active Contributors versus Passive Participants

In the past year, have you engaged in any of the following activities?

. . . . 52%
Watched | line featuring birds TN
atched live cams online featuring birds e
. 50%
Volunteered to help birds _
P 51%
Took a personal action to help protect birds
around my home or in my community 46% B Active Contributors
Donated to an organization that helps birds or other (n=1928)
wildlife 45%
Read about birds Passive Participants
47% (n=1816)
. . 55%*
Fedwild birgs TS
ed wild birds T
. . 52%*
Watched birds outside or at a feeder THEE
atched birds outside or at a feeder T
Looked up information about birds in online or print
sources other than from the Bird Cams website and... 42%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
*Indicates a statistically significant difference (p<0.05)

Survey respondents who went on to become active contributors in investigations were also more likely
to report having read science content in the past year and having participated in a citizen-science
project, suggesting those that are slightly more science-minded may be more comfortable or more
motivated to take part in this type of co-created research project. Interestingly, participants’
engagement did not seem to be related to whether or not they work(ed) in a scientific field.
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Figure 26. Science Behaviors Reported on Pre-Survey — Active Contributors versus Passive Participants

In the past year, have you engaged in any of the following activities?

Read science content online or in print

7% (n=1928)

Passive Participants

59%* =
Participated in a citizen-science project (n=1816)

41%

0% 20% 40% 60% 80% 100%

*Indicates a statistically significant difference (p<0.05)

Patterns of Participation

In addition to measurable knowledge and behaviors that influenced participation, interviews enabled us
to explore unique motivations for participating in Bird Cams Lab investigations. Participants’ responses
to questions about their motivations for participating resulted in four main categories of participation
styles and preferences:

e Participants who were simply happy to help: This category included individuals who were eager
to do whatever they could in whatever time they had available to help scientists. This happiness,
for some, stemmed from having something intellectually stimulating to do—especially during
the pandemic.

e Participants who were motivated by the ability to contribute to science: People in this
category had a strong passion for science and were attracted by the opportunity to do scientific
research and contribute to science. Some had trained to be scientists or had once been
scientists—so their participation offered opportunities for fulfillment or continuation of what
they considered to be a calling.

e Participants who were curious about co-creation: This category includes participants who were
intrigued about the co-created nature of Bird Cams Lab investigations. The opportunity to do
scientific research alongside scientists was a motivating factor for participants in this category.
There were also several individuals who indicated that their curiosity stemmed from specific
professional or volunteer interests (including people in various STEM and STEM-ED careers, e.g.,
zoo or park-based educators, and various types of scientists).

e Participants who appreciated the sense of community: This category includes participants who
enjoyed the sense of community that they got from participating in Bird Cams Lab.

Note: There were many instances where participants fell into two or more categories, and a few
expressed comments that were related to all four patterns of participation. As such, these categories
serve less utility from an analysis perspective, and function more as constructs for understanding the
range of factors driving participation for various participants. Additional examples of the types of
comments given by participants within each category are shared in Appendix D.
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CO-CREATED RESE
INSIGHTS AND OU

Bird Cams Lab Vision for Co-creation

Most citizen-science projects enlist members of the general public to collect data (Schafer and Kieslinger
2016, Shirk et al. 2012), while co-creation seeks to involve participants in all steps of scientific research,
as partners and idea generators. Bird Cams Lab was envisioned as a way for Bird Cam watchers to satisfy
their own curiosities, become invested in stages of research that are usually reserved for experts, and
bring their own perspectives and experiences to the table.

In the initial project proposal, the Bird Cam Labs team de