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Abstract

Community science involves the co-creation of scientific pursuits, learning, and outcomes and is
presented as a transformative practice for community engagement and environmental governance.
Emphasizing critical reflection, this study adopts Mezirow’s conception of transformative learning
to theorize the transformative capacity of community science. Findings from interviews with
participants in a community science program reveal critical reflection, although instances
acknowledging attitudes and beliefs without challenging personal assumptions were more common.
Program elements most likely to prompt participants to identify beliefs, values, and assumptions
include data collection and interaction in team dynamics, whereas data collection in a novel
environment was most likely to prompt participants to challenge their beliefs, values, and
assumptions. A review of 71 climate change focused programs further demonstrates the extent that
program designs support transformative learning. Key features of the community science landscape
like the broad inclusion of stated learning objectives offer a constructive starting point for deepening
transformative capacity, while the dominance of contributory program designs stands as a likely
roadblock. Overall, this study contributes by applying a developed field to theorize transformation
in relation to community science and by highlighting where facilitators should focus program design
efforts to better promote transformation toward environmental sustainability.

Key words: community science, citizen science, climate change, transformative learning, place

1. Introduction

As the extent and intensity of climate change related impacts increase, widespread social shifts in
perceptions and behaviours are needed to promote community resilience and mitigate greenhouse
gas (GHGs) emissions. Canada’s current emissions target, for instance, calls for a reduction of
GHGs to levels 40%-45% below those of 2005 by 2030 ( ), necessitating
a drastic change in energy systems, patterns of energy consumption, and ultimately human behaviour
( ). Approaches to promoting the types of shifts in public consciousness that are
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required to build political will for such change have often espoused some version of the information
deficit model. The information deficit model focuses on the knowledge gaps that actors in society
may have (e.g., related to the scientific consensus around climate change) and an assumption that
desired actions or behaviours can be effectively promoted by filling such gaps through “one-way
communication” that conveys expert knowledge about a subject ( ; ).

As an alternative to the information deficit model, fields like planning and environmental governance
often examine whether and how behaviour change is prompted by ongoing transactions within a
social-ecological system, with transactions often prompted by participation in learning, decision-
making, or planning forums. Whether at the scale of an organization, a community, or a watershed,
scholars identify the need for learning processes that recognize context and place, promote active
engagement, and respect multiple ways of knowing ( ; ). As
a way to structure an understanding of such learning processes, a body of theory and empirical
research on transformative learning (TL) (e.g., ) emphasizes critical reflection and the
re-examination of our underlying biases and assumptions that can be promoted by instrumental
and communicative learning. identifies instrumental learning with an emphasis on
prediction and performance attained through environmental manipulation. He distinguishes this
from communicative learning, which emphasizes capacity to understand the meaning someone is
trying to covey to you, along with the assumptions and intentions such meaning is anchored in.

Community science, or citizen science as it is commonly referred to, often involves not just the
conveyance of expert knowledge, but a transaction among participants and others in a process of
knowledge co-construction within a defined social-ecological system ( ).
Community science can refer to a face-to-face project involving a single scientific lead and a small
group of participants (see ), @ wholly community-driven scientific inquiry
(see ), or a virtually connected network of collaborators using emerging technolo-
gies and digital platforms to coordinate a research process (see ). As community
science projects often involve environmental manipulation that supports prediction of environmental
outcomes, typically embedded within a complex network of communicative exchanges (e.g., between
project leads and participants), community science projects have the potential to support TL around
environmental issues ( ).

Following , we focus on community science as “partnerships between
scientists and non-scientists in which authentic data are collected, shared, and analyzed”. Our starting
point within this definition is partnerships, but we agree with that rigorous and
direct engagement in the scientific process is what distinguishes community science from other infor-
mal learning experiences that might involve scientific knowledge. We also see community science
through the lens of its ambition to push beyond ideas of interdisciplinarity to include nonspecialists
in a transdisciplinary scientific practice, through for instance, its role as a tool for public engagement
( ; ). Ultimately, we see community science as being highly
relevant to identifying and creating new pathways for multi-level and multi-actor collaboration aimed
at addressing complex and increasingly pressing environmental challenges like climate change,
biodiversity loss, and species extirpation and (or) extinctions.

As a transdisciplinary practice, community science is associated with the potential to facilitate TL in
support of environmental action, but theoretically guided examinations of this potential are lacking
( ). Deeper examination of the transformative potential of community science is
needed, as despite considerable excitement, good intentions, and extensive knowledge dissemination
through academic channels, the impact of community science in the realms of policy and practice
has been described as limited ( ). To address the current empirical gap in what is
known about community science and TL, we adopted TL theory, which situates
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critical reflection as an engine for the TL process. We used TL theory to operationalize aspects of our
research design as we pursued the following objectives: (1) examine whether participants’ experiences
in a community science program include evidence of critical reflection, (2) determine what aspects of
the community science experience prompt critical reflection when it is present, and (3) explore the
extent to which the structure/function of community science programs in Canada are designed in a
fashion that creates an experience conducive to facilitating critical reflection.

TL is an important focus for climate action scholarship (and practice) because carbon-intensive
Western economies like that of Canada are perpetuated by a collective suite of consumptive lifestyle
choices rooted in often unexamined beliefs, assumptions, and values ( ;

)- We addressed objectives 1 and 2 above through semi-structured interviews that enabled an
examination of critical reflection among participants in the Climate Change at the Arctic’s Edge
(CCAE) community science program, as well as an examination of what aspects of the community
science experience prompted any moments of critical reflection. To address objective 3, we systemati-
cally documented the structure and function of 71 community science programs as they relate to
participant experiences, linking this national snapshot to findings garnered from participant
interviews.

2. Research context

2.1. Community science and transformative learning

As acknowledged, the professionalization of science is a comparatively
recent phenomenon, and the deeper involvement of “amateur” scientists in scientific pursuits
through community science is as much a return to the past as a leap into the future. Nonetheless,
community science is enjoying a recent surge in popularity as individuals and organizations express
greater agency around scientific goals linked to their “innate interest in particular topics or questions”
( ). Such goals may include collecting data from a large geographic
area or continuously through time (e.g., CoCoRaHS; ), promoting Arctic science across
schools in Canada (e.g., Schools on Board;

), engaging community members to develop a collective written record of climate
driven environmental change (e.g., Climate Diaries; ), or accessing
alternative forms of research funding ( ; ;

; )-

Terminology within fields that explore public participation in science has been highly dynamic,
reflecting multiple characterizations of community science as a form of research collaboration, a
movement to democratize the scientific research process, and a mode of knowledge co-production
for informing evidence-based decisions ( ). Recognizing the interdependence of these
streams, we view community science as having varying degrees of co-creation in scientific pursuits,
learning, and outcomes among a network of “professional” and “amateur” scientists. We use the term
community science to refer to what has traditionally been identified as citizen science. Like a number
of scholars who have adopted this phrase (see or ), we substi-
tuted the term community for citizen to recognize the fact that the term citizen may be viewed as
undesirable by many, and to avoid any real or perceived exclusion regarding who should be included
in partnerships in developing and conducting scientific studies.

described amateur involvement as the pursuit of science by individuals who were not

paid as scientists, rather than by individuals that necessarily lacked a particular body of expertise.
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In adopting the term community science to refer to the type of scientific programming described in
this paper, we acknowledge that some scholars have adopted this phrase to refer to a broader range
of modes through which the public engages with scientific processes. , for
instance, recently described citizen science as a form of community science, paying explicit attention
to the importance of initiatives that are: (1) community controlled, (2) focused on place-based
knowledge and social learning, and (3) normatively directed at improving social-ecological outcomes
through transformed governance.

While not reflecting perfectly our view of community science, by linking place, shared learning, and a
normative call for transformative change, identified the importance of explicit
political practice in public engagement with science. Their work therefore highlights the need for a
clear theory that can bridge the field’s emphasis on individual learning and a growing interest in
collective environmental action. Here, we focus on TL as one way to explain how members of the
public involved in community science might begin the shift from individual participation to broader
collective action during or after their experience.

TL is articulated in many conceptual and operational forms and we focus on TL in the tradition of
Mezirow’s TL theory ( ). TL theory developed out of Mezirow’s work to understand bar-
riers that adult learners faced when returning to post-secondary education and particularly from the
realization that a personal transformation was part of the journey for many returning students
( ). No longer focused exclusively on adult learners ( ), TL theory
examines the context for and process of perspective transformation, with

describing perspective transformation in early writings as:

“the emancipatory process of becoming critically aware of how and why the structure of
psycho-cultural assumptions has come to constrain the way we see ourselves and our rela-
tionships, reconstituting this structure to permit a more inclusive and discriminating integra-
tion of experience and acting upon these new understandings”.

According to early conceptualization of TL theory, perspective transformation
follows a mutually reinforcing pathway that begins with a disorienting dilemma that is prompted by
critical reflection. Critical reflection, in turn, involves intentional scrutiny of the origins and conse-
quences of the habits of mind (beliefs, assumptions, and values) that direct our actions (
; ). Critical reflection occurs across different levels ( ;
), ranging from a state of consciousness that involves simple reflectivity (becoming
aware of a habit of mind) to a heightened state of critical consciousness wherein a new awareness of
our unexamined cultural or psychological assumptions opens us to engagement with alternative
perspectives ( ). conceptualizes these relationships in a context where place
bonding and community science operate as a shared platform for instrumental and communicative
learning. The following section discusses this shared platform in greater detail.

2.2. Place as a platform for perspective change through community
science

A growing number of studies that focus directly on the learning benefits of community science
acknowledge that the research-based nature of the experience creates a unique opportunity to
(re)connect people to the environment and develop a deeper sense of place ( ;

; ). This emerging focus is important to understanding the
transformative capacity of community science, which often involves hands-on learning in culturally
valued natural environments. As a social-psychological construct, sense of place or place
bonding has been modelled in myriad ways, but often includes three interrelated processes:
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Conceptual model relating community science, place, and transformative learning.

(1) the construction of place identity, which involves the incorporation of a social-ecological context
into one’s sense of self; (2) the development of place attachment, or the emotional bond that develops
with a social-ecological context; and (3) place dependence, described as the capacity for a social-
ecological context to meet a person’s functional needs ( ;

).

described place-based education as learning that is focused on local
environments and facilitated through inquiry and interaction in a particular place. Through an
integrated approach where educational programming brings together hands-on experience in a local
environment with instruction and interpretation, place-based education can not only deepen
participants’ sense of connection to a landscape through the above processes, but also make hidden
ecological and cultural values visible ( )- agreed
presenting place-conscious education as an opportunity to “teach us who, what, and where we are,
as well as how we might live our lives”.

By definition, place is a negotiated and multifaceted construction of socio-ecological meaning that is
tied to a particular social-ecological environment ( ; ;
). As the model above conceptualizes, community science programming can offer the motivation
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and quite literally the tools to work and learn within a particular social-ecological context or place
(e.g., a watershed). This programming might vary significantly in the degree to which community is
involved through partnership to set priorities for knowledge co-production. Programs could range
from contributory designs led by scientists with public involvement limited to data collection, to
co-created projects that are a joint initiative including scientists and members of the public, with
public leadership at most or all stages ( )-

Given the range of community science program designs, ways that place bonding might interact with
community science activities to support instrumental and (or) communicative learning, and critical

reflection, should be expected to be diverse. offered one opportunity for
distilling this complexity in a place-informed discussion of community science that delves deeper into
the nature of learning and expertise. Reformulating original dimensions of expertise

(i.e., esoterocity; contributory; interactional), they identified two facets of place-based expertise related
to community science participation. The first is the degree of “locale familiarity”, or the extent that
accumulated experience in place provides local knowledge about its social-ecological systems. The
second is the degree of “place-type” expertise, described as a body of transferable knowledge about a
specific class of place (e.g., coral reefs). While the acquisition of both forms of place-based expertise
through community science experiences might reinforce conditions conducive to critical reflection,
studies have shown that accumulation of local familiarity or local knowledge (in particular) can lead
to new relationships to place that facilitate critical reflection ( ;

).

Numerous community science studies examining participant learning outcomes have demonstrated a
capacity for participation to enrich locale familiarity, and subsequently participant behaviour in
relation to that locale. The Neighbourhood Nestwatch program, for instance, sought to enhance place
bonding and knowledge of avian ecology by encouraging participants to engage with project materials
(e.g., data collection protocol; project website) as they observed and reported on the nesting behaviour
and success of eight common backyard bird species. Participants’ reflections illustrated new under-
standings of the ecology in their backyards, and this learning was linked to a change in behaviour
within this newly valued habitat ( ). More recently, studying participant experiences
in the Coastal Observation and Seabird Survey Team (COASST) project, found
that involvement in a program monitoring seabird mortality and marine debris led to an increased
sense of attachment to the beaches being monitored, as well as an increased consciousness of coastal
phenomena.

The transformative potential of community science is broadly recognized, but research documenting
how community science programs might contribute to transformation is limited ( ). If
community science seeks to not only develop connections between person and place, but promote
socio—ecological benefits by changing the habits of mind that direct our action in the world, program-
ming efforts must emphasize activities that foster reflection on and motivation for different ways of
knowing and doing ( ; ).

3. Methods
3.1. Mixed-method approach

Mixed-methods research designs are commonly used to address multifaceted research objectives,
similar to the ones in this study ( ). A hallmark of mixed-methods research is the
selection and combination of methods that emerge from a research objective or problem, rather than
a commitment to a particular research paradigm or methodological orientation ( ;

). The term mixed can refer to integration of research approaches
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or techniques at different stages of the research design, including mixing of quantitative and qualita-
tive techniques as late as data analysis and reporting or as early as project conceptualization

( )-

In this project we adopted two complementary research methods and applied mixing in the interpre-
tation and discussion of our key findings from each method. Specifically, we conducted a matrix
review that analyzed 50 variables documenting the design and function of 71 community science
programs ( ). The purpose of this method, outlined in more detail below,
was to survey a broad range of programs to map the context in which community science experiences
related to climate change are taking place in a Canadian context. Results from the matrix review do
not directly address the question of how participants might experience community science program-
ming or what the impact of these experiences can be with regard to critical reflection. To address this
aspect of our research objectives we conducted semi-structured interviews (described in detail below)
with participants in one of the programs covered in our matrix review.

3.3. Interviews with participants

To address the question of whether and how community science experiences can prompt critical
reflection, we conducted semi-structured interviews with participants in a community science
program. Following an extreme case selection approach, we chose the “Climate Change at the
Arctic’s Edge” (CCAE) program in Churchill because we believed its distinct environmental context
and strong focus on education offered a case where there would be sufficient experiences and thus
evidence to examine TL ( ). Following this case selection logic, we were less interested in
generalizing results to all community science programs than establishing a benchmark for what
aspects of a program can, but not necessarily will, prompt critical reflection. We were also interested
in informing how TL might be conceptualized in the realm of community science (i.e., analytic
generalizability) ( ).

The CCAE program is hosted at the Churchill Northern Studies Centre (CNSC) in Churchill,
Manitoba, Canada, and is facilitated via a partnership between the Earthwatch Institute and research-
ers at the CNSC. As part of the program, small teams of participants travel to Churchill from around
the world to take part in long-term monitoring projects related to climate change. Projects have
included snowpack sampling and methane bubble mapping on frozen wetlands and the use of ground
penetrating radar to measure permafrost depth, among others. The CCAE program can be described
as a contributory design, although it is housed within the CNSC and informed by an organizational
culture rooted in the community of Churchill through ongoing community outreach, board represen-
tation, and employment of community members on staff.

Participants in the CCAE program are somewhat unique as community science “volunteers” in that
they pay to cover costs associated with the administration of the program, although

identified community science, including programs ran through EarthWatch, as a growing
form of voluntourism. Teams typically participate in the CCAE program for a two-week period,
though some shorter excursions occur, and participants are housed at the CNSC in accommodations
shared with researchers, school groups, and some tourists. The participants on each team vary and
can include youth/student teams, “retail” teams including any member of the public, or corporate
teams where participants are generally employed by a single company but join from many locations.

After one or two days of orientation and training, participants take part in full days of fieldwork in
various environments and also help sort and process samples. Some projects involve laboratory work,
and generally team members are responsible for data entry and management. Evening activities
throughout the program include lectures and workshops related to climate change, subarctic ecology,
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and the scientific method. At the end of the fieldwork, participants receive a summary of their work
and how it fits into the larger project.

We connected with 18 participants at the end of their experience in the CCAE program. Semi-
structured interviews were solicited as part of a broader study examining participant experiences that
also involved participant surveying (we focus only on interview data here as survey data are fully
reported elsewhere—see ). Participants were invited to take part in an interview after
completing a short (~15 to 20 min) postexperience survey. As participation in the CNSC program
involves only a few small teams each year, data collection occurred over an 18-month period, with
recruitment coinciding with the timing of program offerings. The opportunity to participate in the
study, along with a description of the study’s procedures and ethics approval (University of
Northern British Columbia REB # E2016.0324.027.00), were provided to each group upon arrival at
the CNSC by a member of the research team. Typically, one to three members of each small group
(~5-6 participants on average) agreed to participate.

Semi-structured interviews adopted an open format that encouraged the sharing of stories.
Conversations covered four broad themes, including: expectations and motivations for participation;
self-perceived learning outcomes; potential shifts in thinking about environmental issues; and the
possible adoption of new roles, relationships, and actions related to climate change. To ensure consis-
tency in the interview format, a single member of the research team conducted all interviews.” For one
group, interviews were completed in Churchill on the last day of participants’ program experience
(n=4), but most interviews were completed by Skype or telephone after participants had returned
home (n =14).

All interviews were recorded with the consent of participants and were transcribed for thematic
analysis. To enable a theoretically informed analysis, we applied a coding framework based on

description of different levels of reflection. This coding framework was originally
developed by . The framework operationalizes Mezirow’s seven levels of
reflection and was used by to assess the promotion of critical thinking among
nursing students in a clinical training program. Minor adaptations to the code descriptions allowed
for an application of the framework to an environmental learning program, as shown in

Coding of interviews occurred in two stages and involved two independent coders who completed
their work using the NVIVO qualitative research software package. During stage one, the critical
reflection codes shown in were applied to participant transcripts that had been assigned a
pseudonym to identify instances and levels of reflection associated with the community science
experience. The two coders met on multiple occasions to discuss and compare their application of
the codes to an overlapping set of transcripts. Once agreement on appropriate application was
reached, a single coder completed all coding to ensure consistency. To address research objective 2,
during a second stage of coding we returned to each coded instance of reflection to examine the
context in which that reflection occurred. We were interested in, and using NVIVO’s relationship
function coded for, elements of participant’s community science experience that were evident as a
trigger for reflection.

*On average, participants in virtual interviews illustrated a somewhat higher number of instances of reflection,
suggesting the time between the experience of the program and the interview may have enabled reflection. The
sample size and distribution does not allow for robust statistical analysis.
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Table 1. Reflection codes and descriptions (adapted from Liimatainen et al. 2001).

Level of
reflectivity Description

Consciousness

Reflectivity The participant becomes aware of a specific perception, meaning, or behaviour of their
own and they are able to verbalize new experiences and perceptions.

Affective The participant is aware of the way they feel about their perceiving, thinking, or acting
reflectivity in the situation. The participant is aware of other participants’ feelings.

Discriminant The participant assesses how they managed in their practice. Assessment of the efficacy
reflectivity of perceptions, thoughts, actions, immediate causes. The participant identifies discrepancy
between what is planned and what really happens.

Judgemental The participant becomes aware of value judgements made by them and colleagues as well
reflectivity as the inconsistency this can bring to practice and actions.

Critical consciousness

Conceptual The participant assesses the adequacy of the concepts they use to understand

reflectivity environmental issues. The participant begins to question whether the concepts they use are
adequate for making sound judgements and to identify what else they need to know and
learn to understand and act in the situation.

Psychic The participant recognizes the habit of making precipitant judgements about
reflectivity environmental issues based on limited information.

Theoretical The participant becomes aware of why one set of perspectives is more or less adequate
reflectivity to explain personal experience and moves towards those that best fit the situation.

3.2. Matrix review of existing programs

The purpose of the matrix review portion of this study was to perform a cross-sectional examination
of Canadian community science programs with a climate change focus. A matrix review is a
structured approach to appraising, deconstructing, and organizing descriptive text across a number
of similar cases, using a range of data sources and a predefined list of criteria. Climate change focused
programs are emphasized because the literature suggests more documentation is needed around the
contribution of community science to action on pressing socio-ecological challenges (Bela et al.
2016; Newman et al. 2017). In this review we identified programs and extracted data on their goals,
operation, participant involvement, and data products. Our objective was to document high-level
factors that indicate the relative presence or absence of circumstances conducive to prompting critical
reflection. Projects and programs were considered to have a climate change focus if they: (1) referred
to either “climate change” or “global warming” in their research or learning objectives, (2) explicitly
tracked climate patterns over the long term or focused on weather anomalies, (3) studied the effects
of climate change on organisms or ecosystems, or (4) used organisms or ecosystems as indicators of
climate change.

The matrix review relied solely on secondary data sources including program descriptions published
in the literature or on program websites, and program documentation provided by various organiza-
tions. Following Ritchie and Spencer (2002, p. 3), our matrix review utilized the logic of a contextual
policy analysis, wherein the goal was to “identify the form and nature of what exists”. Following
their FRAMEWORK process, we went through stages of familiarization with program content,
development of a thematic matrix, indexing of programs, and the charting of program data.
Ultimately, we included programs based on the following parameters:
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. The program was based in Canada or had a project scope that includes areas of Canada
(e.g., North America as a whole).

. The program collected inquiry-based data.
. The program was focused on climate change (as outlined above).

. The program was documented sufficiently to allow for assessment according to criteria in our
matrix review.

Candidate programs were assessed for inclusion in the review through internet-based searches that
began with an examination of all the projects posted on the community science database
websites” CitSci ( ) and SciStarter ( ). Information provided in the databases
and on external program sites was then used to assess inclusion against the criteria above. Following
this we used organizational websites to identify sources of documentation for completing our data
matrix. Indexing of our selected programs included documentation of program design characteristics
that were relevant to participants’ learning experience. Each program was also categorized according
to its overall design following the typology presented by Bonney and colleagues (see Section 2.2
above).

The matrix was populated with data on a program-by-program basis and memos were used to ensure
data extraction was carried out in a reliable fashion.” Here, we report on a subset of the 50 total
variables indexed during our review that are most relevant to understanding the community science
program design landscape as it relates to conditions for critical reflection. Results for reported varia-
bles are shared as simple descriptive statistics, with the exception of the textual data for program
learning objectives, which were subjected to a ground up thematic analysis following methods
described by . Three themes (community science as research utility, community
science as collective learning, and community science as collective action) that emerged from this
analysis were used to integrate results from our two streams of data collection.

4. Results
Coding of our interview data revealed that reflection among participants was not equally distributed
across the levels of the TL coding framework we adopted. As illustrates, all participants

demonstrated at least some form of reflection along Mezirow’s hierarchy, and all levels of reflection
were demonstrated by at least three of the 18 participants that we interviewed. Despite this, the forms
of reflection that ; associates with consciousness (i.e., an acknowledgement of
habits of mind) were more prevalent than forms of reflection that are indicative of critical conscious-
ness (i.e., a challenging of assumptions). More specifically, fewer participants demonstrated instances
of conceptual, psychic, or theoretical reflectivity (i.e., critical consciousness), and there were fewer
overall instances of these forms of reflection (n = 43) compared with forms of reflection illustrating
consciousness (1 = 165). Affective reflectivity, wherein a participant becomes aware of how they feel
about their perceptions or behaviour was the most common (48 instances), while psychic reflectivity,
wherein a participant illustrates an awareness of making judgements with limited evidence, was the
least common (4 instances).

*These websites act as both databases for community science projects and a way for organizations to recruit
volunteers/participants and in some cases, for participants to submit data.

“The final matrix review contains information about the structure and function of 71 community science
programs that are/have been active in Canada and that have a climate change focus. Program documentation
ranged from 46% to 94% complete, with programs having 75% of variables filled in on average. Rates of missing
data were influenced by our choice to use secondary data sources and are shown in full in the
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Table 2. Level of reflection coding results.

Form of Participants/
reflectivity instances
Consciousness

Reflectivity 15/47
Affective 16/48
reflectivity

Discriminant 15/40
reflectivity

Judgemental 12/30
reflectivity

Critical consciousness

Conceptual 12/23
reflectivity

Psychic 3/4
reflectivity

Theoretical 12/16
reflectivity

Example participant comments

I think what surprised me a little bit—I come from... a world of words; I'm an attorney. So, you know, my day is trying
to avoid numbers. But—try to twist the facts, and all those things. But, interesting to me is that the one set of ... data that
is collected can be utilized and dipped into by so many different projects. And so many different things. .. that might not
even be contemplated at the time.—Alex

Now that I know [what] I'm doing. .. so now I feel 'm, I'm good at it. But it made me good. Because like, one of the last
days that we were there, one of the... I don’t know, she’s a student that’s up there for the summer that’s doing assisting.
She was like, ‘hey can you come with me and, and help me do this’? And I was like, ‘me? Do this? Me?’ I was very proud of
myself. So it was a neat experience.—Alyana

It really helps me realize that even though I'm just a girl in Springfield, and I'm a history teacher, that I can have an
impact? And if I can show other people? That’s just as important as me ... making sure that I don’t use too much
electricity, making sure that I use my recyclable. ... That, you know, all the things that I always knew were good for the
environment.—Alyana

I guess because of replications, a lot of that will be washed out. But just thinking about how we did some of the things,
it wasn’t particularly random. Which I think is probably an ideal piece of this puzzle. The sampling of the ponds,
sometimes [especially on a long day]: “well, where did you sample? well, where it was convenient.” Where muck wasn’t
going to go up to your knees.—Charlie

It’s come up most often in the context of ... the rebuttal argument that seems to be the most common one that I hear,
which is, “we’ve had these cycles before. They don’t mean anything. It’s just the cycle.” And to be able to say, “you know
what? There are a couple of really interesting charts and graphs that I've seen, and that I saw, that will show you maybe
why that’s... not quite case. You’re absolutely right—there are cycles.” But to take... the part of that statement that is
true and show how it’s still a conclusion that’s not what we’re in. And be able to back that up with, you know... “here’s
the CO, graph. And, and oh let me tell you why you have the cycles—that’s because of the tilt, wobble and roll of the
earth that we learned about.” And taking all those bits and tiny pieces and understanding really how some of that whole
system functions.—Navdeep

We were expecting, on the end of things [on the end of the research] there will be something tangible behind us saying,
“ok, so we now know that tree line is doing this and that because of this and that. And there is an influence here.” While
in fact actually this is a data collection that actually needs to go for the next 50 years to actually being able to interpret
something.—Dae

The fact that the temperatures are rising, the fact... that the amount of snow and the amount of ice is decreasing. I think
that is undisputable. How we—how this happened? That’s one part of the story. What we can do, do to actually slow, to
slow the pace... I think that’s what’s’ important, right? And I think that’s, kind of, what I find most valuable for myself.
That I did actually come back and now when we separate our trash—and we put paper on one side and we out plastic on
the other side and then kind of take different elements like glass in a different container. .. that is actually now—makes a
bit more sense to myself. And this is just a one small tangible example right? I think there are other examples. But it can
kind of make sense why we are actually doing this.—Dae

While our matrix review examined a range of program characteristics, we paid particular attention to
learning objectives across the 71 programs. Reported learning objectives were stated for the majority
of projects (~61%), although learning objectives directly related to climate change were only present
in approximately 15% of cases. The remaining balance of learning objectives emphasized the specific
knowledge domain of the project, and thus an implicit link to climate learning. Consistent with our
mixed-methods approach, we completed a thematic analysis of all available program learning
objectives and identified three overarching themes that are used below to integrate findings from
our interviews and broader matrix review.
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Fig. 2. Triggers of consciousness and critical consciousness in the CCAE program.

/1. Community science as research utility

As part of our interview analysis, we examined the elements of the community science experience that
were evident as a trigger for the levels of reflection that participants illustrated. As Fig. 2 shows, direct
engagement in the research process through data collection was the most cited of seven triggers for
critical reflection (n = 54). This trigger for reflection did not appear to operate entirely independently,
and served as a vehicle for another common trigger that we termed “science as craft” (n = 25). The
notion of science as craft spoke to scientist’s willingness to share not just the steps required of a data
collection task or the appropriate technical use of instrumentation, but also the embodied experience
they had accumulated through a lifetime of enacting rigorous data collection.

Like a person learning to cook with their grandparent, participants appreciated not just being given
the recipe and correct kitchen utensils, but having their hands together in the dough with an
experienced cook, receiving ongoing instruction, and learning as they go. Indeed, participants
discussed several aspects of the CCAE program (e.g., evening lectures) as a source of greater appreci-
ation for climate science, but the caring oversight and close input from trained staff appeared to
elevate this appreciation to a deeper level of reflection about actions they could take to become better
environmental stewards.

“Also getting to you know, talk with staff about a lot of the sort of sample and experimental
design. Issues that come up and had to be explored. I even wrote in the journal, because I
was the journal guy the other day, I said I may just have to go home and start learning more
science because I just am not a science guy.”—Ted

Interview findings identifying data collection as a key source of reflection for participants closely
relate to a prevalent framing of community science that we identified from reported learning objec-
tives. We labelled this framing as “community science as research utility”. This title reflects the fact
that a majority of learning objectives highlighted participants’ role in contributing to a scientific data
set and, in doing so, on gaining capacities to independently apply the scientific method. A focus on
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benefits to the learner was present within this framing, but almost entirely through the promise of
filling gaps in their environmental knowledge. This is consistent with the goal of addressing the
public’s information deficits around science and environmental issues. The Winter Bird Count in
the Rouge, for instance, listed the following learning objectives: “(1) To learn and gain an appreciation
for the bird diversity within the Rouge; (2) To start learning the basics of bird identification by sight
and sound; (3) Teach the public the difference between migrant birds and resident birds.”

Findings from the matrix review reveal that the types of data collection that might be tapped to spur
critical reflection predominately relate to long-term monitoring designs. Approximately 80% of
projects adopted this research design, followed by hypothesis testing (~3%), hybrid project designs
(~7%), or other designs (~10%). Across these designs the opportunity to strengthen reflection during
data collection through additional training and mentorship was only partially captured. Specifically,
only 80% of projects provided readily available data collection protocols while only 70% went beyond
a written protocol by including supplementary learning supports like digital videos, a frequently asked
questions site, or face to face in class and field instruction.

4.2. Community science as collective learning

Relevant to description of communicative learning, the second most common
trigger for critical reflection was interaction with other community scientists within “group dynam-
ics”. As one participant (Alyana) offered in a moment of affective reflectivity, these interactions
offered a means to build confidence as a scientist and in her words, to feel “very proud of myself”
(see for full quote). In the context of the CCAE program, these dynamics were fostered not
just by a project design that involves participants working in teams and alternating roles over the
course their involvement in the project, but living with one another in the relatively close quarters
of a remote sub-arctic research station.

Co-located amid the tundra landscape over 20 km east of the already remote town of Churchill, for
nearly all participants the CNSC was a place to share in the experience a “novel environment”. This
experience of a new place was a noted trigger that promoted levels of reflection associated with
increased consciousness, and was the third most common trigger that promoted levels of reflection
associated with increased critical consciousness. Although expressed by just over half (n=11) of
participants, the extended time spent together at the CNSC and on the tundra collecting data
appeared to reflect the type of disorienting dilemma described by . The source of this
dilemma varied according to the particular relationship each participant developed with this new
place. In one instance it was the difference between the rhythms and pace of a life in the city and life
on the tundra that gave pause for reflection, but in multiple cases it was simply being caught off guard
by the awareness of a growing bond to this new natural environment that became a window to differ-
ent ways of thinking about how to relate to nature.

“I think definitely it was the relationship. Especially all the beautiful plants out there, the
scenery. When we were sampling some ponds, we saw all these flowers and things along
the way. It’s just really, I think the beauty of the place itself just really throwed me too, and
got me thinking about improving.”—Jamie

The apparent importance of fostering group dynamics within community science projects was also
captured in the second, albeit less prevalent, framing we identified through our thematic analysis of
program learning objectives. This framing was learner centred, emphasized “community science as
collective learning”, and situated relationship building that contributes to knowledge co-creation as
a key rationale for community science. ArcticNet’s Schools on Board program, for instance, highlights
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a desire “[t]o encourage and initiate collaboration between students, and with other ArcticNet
members”.

Despite a recognition of the importance of group dynamics, less than half (48%) of reviewed projects
included explicit mechanisms (e.g., team-based data collection) to foster interactions between com-
munity scientists. Where collaboration with other participants was planned for, it was either directly
built into the design of the project (e.g., participants joining a blitz event at a shared location) or was
encouraged through instruction to develop community science teams that support shared research
activities.

Matrix review data revealed few relevant insights about how place was leveraged to support collective
learning, although some key findings emerged. Geographically, learning objectives were applied
across a wide range of scales. Programs covering an international (i.e., multiple counties) scale
(~30%) were the most common, followed by programs covering a local/regional (~24%), global
(~17%), national (~15%), provincial/territorial (~8%), and inter-provincial/inter-territorial scale
(6%). Moreover, some learning objectives sought to build a place-based understanding of community
science data, although these two programs were clear outliers. In the All Métis Environmental
Monitoring project ( ), the importance
of place was captured by linking land and climate change in “land-based learning activities at the
K-9 school [and] facilitating workshops on topics including dendrochronology, climate change, drone
flying, rabbit snaring, traditional herbs and even gun safety.”

4.3. Community science as collective action

Beyond engaging in collective learning through their community science experience, participants
further underscored the importance of group dynamics as a catalyst for reflection by sharing their
view that involvement in the CCAE project was itself a practice of collective action. In this case, the
opportunity to engage in group dynamics during research activities provided a means to place their
individual stewardship efforts in a broader context that revealed the value of collaboration. At the
scale of interactions during data collection activities, the ability “to be out and about with other
science people” served as an affirmation of beliefs that were not always supported in family, work,
or social environments outside of the community science experience. At a more abstract scale, the
practice in the CCAE program of plotting data from each team with data from other teams, and
visualizing this collective output, prompted an appreciation for how individual efforts can coalesce
into something more meaningful and impactful.

“So the process was basically mass sampling of these wetlands for the majority of what
we were doing. And I think you basically feel like a small cog in a big work wheel. A big
system. But it’s quite an important part to play. It was quite nice at the end when we did
the wrap up lecture. We surveyed 3.5 football pitches worth of stuff and had thousands of
data points.”—Tiffani

In the third framing of community science identified through our thematic analysis of program
learning objectives, an explicit intent to support collective action efforts was apparent. Most directly,
a small number of programs (n =11) included statements related to collective action intentions,
including the Birds Canada’s Marsh Monitoring Program, wherein community-collected data are
identified as an outcome that is valuable in marshland planning and monitoring efforts.
Environment Hamilton’s Trees Please project likewise sought to engage neighbourhood residents in
tree inventories and air quality monitoring to drive what they refer to as “strategic tree planting” in
areas with poor urban tree canopy coverage.
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Unlike the theme of collective learning, the theme of collective action explicitly identified ways to mobi-
lize co-created knowledge beyond the programs and spaces where it was created. The Community
Collaborative Rain, Hail, and Snow Network ( ) sought to create avenues for knowledge to
flow through transdisciplinary networks by “participating in social networking experiences”, while the
CyberTracker project ( ) has harnessed community science to help build up the profes-
sion of tracking, revive the traditional skill of tracking, and promote “the employment of trackers in edu-
cation, ecotourism, conservation management, search and rescue, anti-poaching, wildlife monitoring and
scientific research”. Beyond these few stated objectives, the broader network of community science pro-
grams appears to have only partially capitalized on the opportunity for collective action, with a
considerable majority of the projects conforming to contributory designs (~77%), followed by co-created
(~10%) and collaborative designs (~6) that involve greater public partnerships in setting priorities,
carrying out research tasks, and mobilizing knowledge that is created.

5. Discussion

Application of a TL coding framework to interviews about participants’ community science
experience found that community science programming can be a source of critical reflection for
participants, and therefore has the potential to condition the cascade of events that leads to deeper
perspective change. In the case of the CCAE program, all participants showed some level of critical
reflection, although instances where this reflection challenged previously held assumptions were less
common than instances involving a basic recognition of one’s views. It is important to highlight that
this finding stems from a somewhat distinct travel-based community science program, and that while
the group of interviewees was diverse in terms of cultural background, age, and gender, all had the
financial means to participate in an Earthwatch program (and (or) were in a position to have an
organization sponsor their involvement). Nonetheless, our study is among the first to explicitly use
TL theory to examine the extent and source of critical reflection in community science.

As argued, to move toward a broader positive impact of community science on
environmental governance processes, and ideally environmental outcomes, the field needs to create
intentional opportunities for knowledge co-creation that are tied to place. Within the environmental
governance literature, co-creation or knowledge co-production is explicitly described as a collabora-
tive process involving multiple interacting knowledge frames aimed at solving a complex problem
( ). added that respect for multiple ways of knowing, clearly
articulated and shared goals, a process that recognizes context or place, and an environment that
enables learning and active engagement are all key to shifting individual capacity and efforts toward
a collective pursuit.

Three key findings from our study are relevant to understanding the capacity of community science
programming to create the conditions described above. First, for the majority of the participants in
the CCAE program, the community science experience created an opportunity to reflect on their
system of beliefs, and (or) how these beliefs guided their actions in the world. We cannot state
whether a long-term perspective change stemmed from this reflection, but this moment of reflectivity
is an important precursor to this outcome. Second, our results show that beyond defined research
objectives, a notable majority of programs explicitly articulated learning objectives. Stated learning
objectives were not specific to climate change or collective climate action in all cases, but the large
proportion of programs that framed participants as learners and not just data collection instruments
is a step towards viewing community science as a platform for bridging knowledge networks in
support of environmental action ( ).

Third, while our results illustrate critical reflection within a contributory community science
program, collaborative and co-created programs offer greater influence to members of the public
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and might be expected to garner unique opportunities for spurring reflection that were not captured
here. Given this, with over three-quarters of reviewed programs following a contributory model,
there is arguably space to more fulsomely promote TL through greater collaboration and grassroots
leadership within the realm of community science and climate change.

At a point in time where opportunities to conduct science in remote places like Churchill are curtailed
due to COVID-19 induced travel restrictions, the benefits of empowering communities to lead
scientific pursuits is relevant to maintaining the continuity of scientific discovery. Where commun-
ities have long-standing connections to their local environment and strong social ties, community sci-
ence can also provide a structured means for individuals to organize as a collective. As

noted, a community-driven approach to community science is “a tool of empowerment in the
political sense as it provides both ‘hard evidence’ that emerges from scientific instruments or sensing
devices, and methodology which supports a specific narrative that is of importance to the people who
put it forward. It becomes an accepted form of evidence-based decision-making.”

Just how to design and leverage community science programming in support of TL and collective
environmental action is a question of considerable complexity. In the case of this study, higher levels
of reflectivity associated with a critical consciousness were linked to all but one of the identified
triggers for reflection. Beyond the influence of the experience in its entirety, the data collection proc-
ess and the experience of a novel environment were noted most often. These two elements are not
necessarily synonymous, as participants had opportunities to explore Churchill’s tundra landscape
outside of program activities (e.g., through guided tours during downtime). That they simultaneously
emerge as the most common prompts for deeper levels of critical reflection, however, is unlikely to be
a coincidence. recognized the co-creation of place-based knowledge as a best
practice for impactful community science, whereas argued that strengthening
place identification through community science can create special opportunities for new connections
and collaborations.

As our findings show, one way to create actors ready for new collaborations may be to catalyze critical
reflection by exposing them to deep place learning through scientific data collection in a novel
environmental setting. The following quote from Andy, a participant in the CCAE program, speaks
to this potential.

“I tell you this much. I thought you guys were just goofing around over here. You know I'm
not, I guess to be candid, before I came here, I was kind of like a climate change, not denier,
but very strong sceptic of things. But the way that staff presented the information. I thought it
was like, well hell it’s not even like whatever theory you want to apply to it, there is change
going on, right. It’s measurable change, and the numbers are there. And if you are here, all
this work is one blip on the graph, and it builds up over thirty or forty years. So you forget
the amount of effort that went into every single data point, right? And it just makes it that
much more. .. valid. It really puts it into perspective.”—Andy

Although linked less often to heightened levels of critical consciousness, other aspects of the CCAE
program experience were noted more often as a catalyst for critical reflection. In support of calls to
explicitly foster personal transformation through community science, interactions among participants
in the community science team and with project personnel in the detailed application of scientific
techniques were the second and third most noted triggers for critical reflection. Prompting greater
collective environmental action through community science involves shifting participant learning
from an enhanced understanding of environmental issues to an enhanced preparedness to engage
with others in developing solutions. Building capacity to communicate ideas, beliefs, values, and
feelings (i.e., building capacity for communicative learning) is thus key to fostering this step and
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requires opportunities for participants to interrogate bedrock assumptions and test new ideas and
beliefs through dialectic exchange ( ; ).

Within the governance and sustainability domains, building competence to recognize and engage
with multiple ways of knowing is seen as being so critical to knowledge co-production as to be
declared a pillar of the approach ( ; ). Evidence here suggests that
within the realm of community science and climate change, there is already an established foundation
for advancing this work. With explicitly stated learning objectives common across well over half of the
studies we reviewed, programs interested in advancing collective action should adopt explicit and
appropriate learning objectives related to promoting critical reflection and communicative learning
and examine what existing or new aspects of their community science experience could support these
outcomes. A large majority of reviewed programs already include explicit training protocols to ensure
robust data collection. If personal transformation and collective action are valued, training for compe-
tencies in teamwork and collaboration should be built into this existing program function.

6. Conclusion

Beyond expanding general acceptance of the scientific reality of climate change, societal efforts that
promote climate solution-making are urgently needed. Much of this work within the realms of
sustainability and environmental governance is currently framed as a call for intentional knowledge
co-production, with a broad recognition that knowledge of place, mobilization of scientific evidence,
and collective action will be intimately linked in successful climate solution work (

; ; ). As a general field of study and a specific form of designed
intervention, community science is attracting growing attention because of its capacity to embody
these principles. Indeed, references to the transformative potential of community science are
common, despite calls for greater empirical examination into the extent of and source of this capacity

( ; )-

In this study we drew on TL theory and examined community science program-
ming as a potential catalyst for critical reflection, and by extension, for the types of perspective change
and dialectic exchange that create novel opportunities for authentic collaboration and shared action.
Interviews with individuals who travelled from around the world to Churchill, Canada, to take part
in the CCAE program showed that community science programming can prompt such reflection,
including levels of reflection where individuals challenge their existing beliefs, assumptions, and
values (i.e., critical consciousness). A wider review of 71 climate change focused programs suggested
some aspects of the community science landscape in Canada, like the extent to which programs have
clearly articulated learning objectives, offer an existing foundation for promoting greater transforma-
tion. Others, particularly the degree to which programming is led and controlled under a contributory
model, represent likely bottlenecks to the journey from individual climate learning to collective
participation in ongoing climate action.

The findings from our study should be interpreted in light of several key limitations. First, we relied
on secondary data sources to complete our review of community science programs, and due to
missing data, were limited in the scope of the findings that we could reliably communicate. Second,
we focused only on community science programs with a climate change emphasis and a footprint in
Canada, limiting the potential generalizability of our results. Third, our deeper examination of critical
reflection included only a single community science program, and while this program was diverse
along many lines (e.g., age, gender, nationality), participation was somewhat homogenous in terms
of socio-economic status. This latter limitation is an important consideration, as the ability for com-
munity science to democratize science as an evidence-based and political tool is well recognized
( ; ), but so too is the potential for community science to reinforce
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historical patterns wherein certain communities have been excluded along racial and economic lines
from these sources of influence ( ; ).

Addressing inequities in community science can be approached as a design challenge to be addressed
at the program level by making different choices about program functions to enable access for
traditionally excluded populations (i.e., enhance inclusivity), to recognize and respect cultural world-
views (i.e., promote sensitivity), and to create greater benefits for participants themselves (i.e., ensure
reciprocity) ( ). As a matter of program planning and design, such principles could
be embedded at the level of the stated learning objectives, which is an avenue for promoting change
that is already available to the majority of programs we reviewed. Importantly, the matter of designing
a more diverse network of people interacting and expressing varied worldviews around a shared envi-
ronmental goal is closely aligned with the goal of promoting TL. Moreover, several avenues and tools
for fostering this goal appear to already be at hand with Canada’s community science landscape,
“baked into” core functions like data collection, interaction with program scientists, and collaboration
among fellow participants. Opportunities for change and greater potential impact are thus awaiting
the attention and time of creative and innovative program designers.
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