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ABSTRACT

Engagement in citizen science can result in participant outcomes including
increased science and environmental literacy and civic action. One factor
which may increase the likelihood of these outcomes is facilitation by
groups such as employers, schools, or other organizations. We examined
how a partnership between SciStarter and Girl Scouts of the USA facilitated
participation in citizen science to shape participants’ learning and civic
engagement. Between July 2017 and February 2020, participants from
over 200 Girl Scout troops completed the Think Like a Citizen Scientist
Journey, consisting of science learning activities, participation in an envi-
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ronmental citizen science project on SciStarter, and a Take Action Project
(TAP). Troop leaders provided open-ended descriptions of TAPs which we
analyzed qualitatively. Responses provided evidence of learning outcomes
spanning informal science learning goals, Girl Scout Leadership Experience
outcomes, and Girl Scout STEM outcomes. Participants’ TAPs overwhelm-
ingly related to science and environmental topics (81%) and the majority
sought to educate and inspire others (66%), reaching audiences of peers,
adults, the general public, and civic leaders. This program demonstrates
the potential for facilitator organizations to leverage existing citizen science
projects to promote learning outcomes, civic science education, and com-
munity action with participants as young as 4-5years old.

Introduction
Benefits of citizen science for scientific research

The phenomenon of public participation in scientific research, or citizen science (CS), involves
members of the public in various stages of the scientific process, including formulating research
questions, making observations, and analyzing and interpreting data (Crowdsourcing and Citizen
Science Act (CCSA) 2017; Haklay et al. 2021; Shirk et al. 2012). CS has made notable contribu-
tions to scientific research, especially in environmental fields such as ecology, natural resource
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management, and conservation biology — particularly through the public’s ability to collect and
analyze data on much greater spatial and temporal scales than professional researchers alone
(Bonney et al. 2014; Chandler et al. 2017; Cooper, Shirk, and Zuckerberg 2014; Fraisl et al. 2022;
Miller-Rushing, Primack, and Bonney 2012).

Both adults and youth can make valuable contributions to scientific research through par-
ticipation in CS. For example, a 2017 study of students, teachers, and corporate volunteers
collecting marine debris data for a CS project in Australia demonstrated that the quality and
efficiency of data collection by youth rivaled that of data collected by adults, including profes-
sional researchers (van der Velde et al. 2017). Regardless of the age of participants, the scientific
outcomes of a CS project are often dependent upon the suitability of the research question
being addressed by a CS approach (typically related to the level of expertise and/or the types
of equipment required for data collection and analysis), the quality of protocols and training
available to participants, quality control performed on the data collected, and the availability
of feedback and communications between participants and project scientists (Bonney et al.
2009; McKinley et al. 2017).

Benefits of CS for participants

In addition to its contributions to science, other key outcomes of CS include participant learning
and civic action (Ballard, Dixon, and Harris 2017; Turrini et al. 2018). Particularly for the envi-
ronmental field, in the face of global challenges such as climate change, air and water quality
impairment, and habitat and biodiversity loss, it has never been more important to empower
the public with the knowledge to recognize environmental challenges and the ability to help
address those challenges (Ballard, Dixon, and Harris 2017; Schultz 2011; Wals et al. 2014).
Especially for youth, instilling knowledge and environmental science agency through CS par-
ticipation can be critical to paving the way to future actions which can benefit the complex
socio-ecological systems of which they are a part (Ballard, Dixon, and Harris 2017; Tidball and
Krasny 2010).

CS is in many ways uniquely situated to promote science learning, given its inherently sci-
entific context, the unique nature of participation, and existing infrastructures that support
learning (National Academies of Sciences, Engineering, and Medicine [NASEM], 2018). Commonly
cited CS learning outcomes include the potential to enhance scientific literacy and content
knowledge (Bonney et al. 2016; Jordan et al. 2011). However, science learning can also be
understood in a broader sense to include precursors to knowledge gain, such as interest, affec-
tive connections to science (e.g. science identity and self-efficacy), and the application of
knowledge and skills through the practice of science (NASEM, 2018; National Research Council
[NRC], 2009). These interrelated facets of learning are captured by the six strands of Learning
Science in Informal Environments (LSIE) proposed by the National Research Council: (1) sparking
excitement and interest, (2) understanding scientific content and knowledge, (3) engaging in
scientific reasoning, (4) reflecting on science, (5) engaging in scientific practices, and (6) iden-
tifying as a science learner (NRC, 2009) (Appendix A). CS has the potential to achieve each of
these outcomes, and the intended learning outcomes of many CS programs align well with the
LSIE strands, as demonstrated by Phillips et al. (2018).

Another key outcome of CS is the potential to influence civic action (Ballard, Dixon, and
Harris 2017; Turrini et al. 2018). While CS participation can itself be seen as a form of civic
action - working collaboratively to address questions with important implications for society
- CS can also pave the way to further civic participation as a form of civic science education.
Levy, Oliveira, and Harris (2021) defined civic science education as ‘educational experiences that
support individuals' ability to understand, explore, and take informed action on public issues
related to science’ (1054). In the context of environmental CS projects, the epitome of participant
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outcomes is often seen as participants going beyond engaging in CS to adopt other
pro-environmental behaviors, such as teaching others about environmental topics, improving
or managing habitat, and voting or lobbying to influence environmental policies (Haywood,
Parrish, and Dolliver 2016; Lewandowski and Oberhauser 2017; McKinley et al. 2017; Phillips
et al. 2018). While voting may not be an option for youth, many examples exist of impactful
youth civic environmental action associated with participatory learning experiences, including:
students adopting long-term pro-environmental attitudes and behaviors and promoting
inter-generational learning after participating in an environmental service-learning program in
Mexico (Schneller 2008); youth participants in a disaster risk-reduction program in the Philippines
influencing community action through the use of participatory video (Haynes and Tanner 2015);
and students in North Carolina, USA influencing concern and policy support related to marine
debris among community leaders and adults following a year-long marine debris-related cur-
riculum (Hartley et al. 2021). This final example also demonstrates the value of CS as a potential
pathway to cultivating community science literacy, or the collective and distributed capacity of
a community to apply scientific knowledge and tools to address issues of priority to the com-
munity (including environmental challenges) (Gibson et al. 2022; NASEM, 2016; NASEM, 2018).

Designing CS to promote participant outcomes

While such isolated examples of learning and action following CS participation exist across the
literature, there remains a limited understanding among both CS practitioners and theoreticians
about how participant experiences can be designed to better foster desired learning and action
outcomes (Peter et al. 2021). As demonstrated by a recent study of Chilean school children
sampling plastic marine debris, participation in a CS project alone may not be sufficient to
achieve such outcomes, and complementary learning experiences may be necessary (Wichmann
et al. 2022). Furthermore, research on pro-environmental behaviors has repeatedly demonstrated
that learning and knowledge gains do not necessarily translate directly into actions or behavioral
change (Kollmuss and Agyeman 2002; Nelson, Ira, and Merenlender 2022; Wals et al. 2014),
though they can certainly contribute (Varela-Candamio, Novo-Corti, and Garcia-Alvarez 2018).
Therefore, considering specific contexts and conditions that may facilitate both learning and
action is critical to developing a better understanding of how to effectively design and execute
CS programming to achieve desired participant outcomes.

One unique context that warrants closer examination is CS participation that is facilitated
by groups external to the project leadership or administration, such as an employer, school,
community organization, library, or other entity. Such facilitator organizations have no influence
on project design but enable participation by individuals who may not otherwise engage in
CS. These organizations also have the potential to enhance learning and other outcomes of CS
by contextualizing participation within their program designs to support learning experiences.

The concept of facilitator organizations in citizen science (and the participatory sciences
more broadly) has been referred to as ‘third-party organizations’ who recruit, train, and otherwise
manage CS volunteers (Sharova 2020), ‘enablers’ who facilitate interactions between scientists
and participants (Salmon et al. 2021), and ‘intermediary units’ who support citizen-driven research
projects (Gresle et al. 2021). The facilitator organization role also bears some similarities to the
idea of ‘learning brokers’ in environmental education, where an individual (often a parent),
supports another individual’s (often a child’s) learning by connecting them to a learning oppor-
tunity or experience (Barron et al. 2009). However, it is worth noting that we here emphasize
the role of a larger program, organization, or entity when describing facilitator organizations,
rather than the impact of a single individual on another’s learning. We choose to use the term
‘facilitator organization’ in identifying these parties as unique players in the CS ‘ecosystem’ (Allf
et al. 2022), as we feel it best captures their role in fostering participation, supporting learning,
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and facilitating the achievement of desired outcomes. Consideration of these facilitators’ roles
is an important step for building a more holistic and volunteer-centric understanding of CS
participation outside the context of individual projects (Allf et al. 2022).

Many facilitator organizations bring their own organizational goals to the table, often along
with pre-existing program structures to achieve these outcomes. When these goals align with
those of a CS project or the practice of CS as a whole, the facilitator organization may choose
to employ CS in their programming. Yet adoption of CS by facilitator organizations to achieve
these common goals has the potential not only to fulfill existing organizational and CS project
goals, but also to achieve synergistic outcomes promoting participant learning and action
through structured programming and learning supports (Ballard, Dixon, and Harris 2017;
Wichmann et al. 2022).

While a variety of learning outcomes have been associated with CS participation and expe-
riences, most research to date has focused on only a small subset of these outcomes at a time,
primarily among adults, and often in the context of discrete CS projects. For example, many
studies have explored changes (or lack thereof) in project-relevant content knowledge (Branchini
et al. 2015; Forrester et al. 2017; Greving et al. 2022; Jordan et al. 2011; Price and Lee 2013;
among others). Others have addressed the development of scientific literacy and understanding
of the processes or nature of science through participation in a CS project, with evidence again
mixed (Bonney et al. 2016; Jones et al. 2017; Jordan et al. 2011; Price and Lee 2013).

Another segment of research has explored more affective learning outcomes, including evi-
dence for the development of interest and engagement in science and environmental topics
through participation in CS, particularly in formal educational contexts where participation is
less likely to be inherently interest-driven (Schneiderhan-Opel and Bogner 2020; Smith et al.
2021; Toomey and Domroese 2013; Vitone et al. 2016). Some studies have also shown that
participation in CS helps cultivate a sense of self-efficacy or agency related to science and the
environment in youth (Ballard, Dixon, and Harris 2017; Hiller 2012), college students (Smith
et al. 2021), and adults (Haywood, Parrish, and Dolliver 2016). Another small but growing set
of literature has begun to explore the development of science identity through participation
in CS (Ballard, Harris, and Dixon 2018; He et al. 2019; Williams, Hall, and O’Connell 2021), again
with differing outcomes noted.

A final area of the literature has focused on attitudinal and behavioral outcomes from CS
participation, with some studies demonstrating modest changes in attitudes towards science,
the environment, or a project-specific subject (Bruckermann et al. 2021; Chase and Levine 2018;
Greving et al. 2022; Santori et al. 2021; Toomey and Domroese 2013), while others reported
little to no changes in attitudes (e.g. Forrester et al. 2017). One difficulty often encountered in
these studies is that CS participants typically have pre-existing positive attitudes towards science
and the environment. Similarly, studies of behavior changes and action following CS participation
have demonstrated mixed results, perhaps related to high pre-existing engagement in such
behaviors among participants (Forrester et al. 2017; Haywood, Parrish, and Dolliver 2016; Jordan
et al. 2011; Santori et al. 2021; Toomey and Domroese 2013).

Regardless of the types of outcomes being considered, there is a growing understanding
among the CS literature that these outcomes don’t simply happen as a result of participation
in CS and require intentional design and structured learning supports to be achieved (Bela
et al. 2016; Bonney et al. 2016; NASEM, 2018; Peter et al. 2021; Roche et al. 2020; Wichmann
et al. 2022; among others). There is, therefore, a great need for research examining the contexts
and factors which facilitate these varied participant outcomes.

Research aims

To this end, the current study explores the unique context of facilitated CS and seeks to answer
the following questions:
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1. How and to what extent do facilitator organizations expand possible CS learning
outcomes?

2. In what ways do facilitator organizations extend and support civic science education
and civic action through CS experiences?

We address these questions through a case study that demonstrates the potential for struc-
tured participation in CS via a facilitator organization to fulfill expected project and programmatic
goals and promote a broad spectrum of participant outcomes. Specifically, we investigate the
potential for a facilitator organization to extend community science literacy and civic science
education through community action as encouraged by the Girl Scouts’ Take Action Project. We
conclude with a research agenda to pursue a better understanding of the roles of facilitator
organizations within the CS ecosystem.

Methods
Study context

The paper reports on a case study (Yin 2009) of CS participation supported by a facilitator
organization. The context for this case study is the Think Like a Citizen Scientist Journey
(hereafter referred to as ‘the Journey’), a partnership between Girl Scouts of the USA (the
facilitator organization) and SciStarter.org (an online platform which provided planning sup-
port, resources, and other infrastructure critical to the implementation of the Journey). Girl
Scouts of the USA (GSUSA) is an organization dedicated to leadership development for K-12
girls that focuses on making positive change in the world while building skills in the following
areas: STEM, Outdoors, Life Skills, and Entrepreneurship (GSUSA, 2022a). GSUSA supports girls
in acquiring STEM and other skills by completing individual activities to earn ‘badges’ and
more in-depth experiences called ‘journeys, where girls can earn awards for digging deeper
into content and making a difference in their communities. Girl Scout Journeys are scaffolded
learning experiences guided by a curriculum which encourages girls to build on what they
learned from earning a badge by completing a Take Action Project (TAP) in their community.
SciStarter is an online CS hub connecting participants to thousands of CS projects worldwide.
SciStarter partners with many facilitator organizations such as Girl Scouts and provides critical
infrastructure to enable CS programming, including the design of learning pathways, project
curation, launching pages (or ‘microsites’), and progress tracking. SciStarter’s digital infrastruc-
ture enables research and evaluation such as this case study through data tracking, resource
repositories for uploaded content, and the integration of questionnaires and embedded
assessment tools across the site.

The Journey was co-created by GSUSA and SciStarter and piloted in 2017 with the goal of
encouraging Girl Scouts to engage in citizen science to support STEM learning. The Journey’s
pilot phase targeted girls in grades K-5 (Girl Scout levels ‘Daisy’ (grades K-1, ages 4-7), ‘Brownie’
(grades 2-3, ages 6-9), and Junior’ (grades 4-5, ages 8-11)) and initially featured 11 curated
CS projects (Appendix B). These projects were recommended by SciStarter in alignment with
Girl Scout’s requested criteria (outdoors, simple or no specialized instruments, suitable for a
variety of age-groups, project scientists willing to provide welcome and thank you videos, and
engagement of SciStarter affiliates that could enable digital tracking of participation). Girls could
choose projects by going to a SciStarter landing page specifically designed for the Journey.
This page, hereafter referred to as ‘the microsite, expanded over time to feature up to 20 proj-
ects. During the Journey, girls earned an initial award for completing program content consisting
of (1) a series of age-appropriate STEM learning activities; and (2) making a SciStarter account
and participating in a citizen science project through the microsite. Girls earned a second award
for completing (3) a TAP in their community (Figure 1).



6 H. E. SMITH ET AL.

Think Like a Citizen
Scientist Journey

Step 1

Complete activities to explore
observation skills and discover
data collection and analysis.

Step 2

Participate in a citizen science
project on SciStarter.

Step 3

Complete a Take Action Project
to address an issue in the local
community.

Figure 1. Image depicting the three scaffolded steps or phases of the Girl Scouts’ Think Like a Citizen Scientist Journey.

The stated outcomes for the Journey were for girls to: (1) ‘Explore how scientists do research
and create solutions to some of the most important problems faced by people, animals,
and the environment’; (2) ‘practice making scientific observations and collecting data’; (3)
‘participate in a citizen science project’; and (4) ‘do a Take Action project to address an
issue in [their] community’ (GSUSA, n.d.a, 1).

During the pilot phase, Journeys were generally completed by Girl Scout troops working
together as a group. During the first step of the Journey (Figure 1), girls completed
age-appropriate, preparatory STEM activities, which varied by age level and included prac-
ticing skills such as observation, prediction, data collection and analysis, etc. After com-
pleting these activities, girls then participated in a CS project on SciStarter. Projects were
selected from the curated list of age-appropriate projects featured on the SciStarter micro-
site (Appendix B).

The final step to fulfill the Journey curriculum was for girls to complete a TAP. The goal
of a TAP is to ‘address an issue by tackling the factors that cause or contribute to it
(GSUSA, 2022b, Activity Details section). As opposed to a Community Service Project which
might make a one-time impact, TAPs are intended to enact a long-term change that
‘addresses a root cause of an issue’ (GSUSA, 2022b, Table 1) and is ‘sustainable’. Suggested
ways of making a sustainable change include: ‘1. Make your solution permanent, 2. Educate
and inspire others to be part of the change, and 3. Change a rule, regulation, or law’
(GSUSA, 2022b, Activity Details section). While these TAPs can be standalone, inclusion in
the Journey provides a pathway for girls to build on what they have learned and done
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throughout the rest of the Journey curriculum when developing a project. However, the
nature of the project was ultimately up to the girls and their project leaders.

Data collection and preparation

After completing all Journey components (preparatory activities, CS project, TAP), GS troop
leaders were asked to mark the Journey as complete on SciStarter and fill out a brief
survey comprised of three open-ended questions to describe their troop’s TAP: (1) What
problem did you want to solve with your Take Action project?, (2) What was your solution?,
and (3) How did you make your solution sustainable? (For example: Did you educate and
inspire others to follow your lead? Did you create something permanent? Did you get a
rule or a law changed?). SciStarter then provided the research team with records of each
Journey, including participation dates, participant age ranges, CS project chosen, and
responses to the open-ended survey, exported in SQLITE format. This data was acquired
in accordance with approval under NC State University Institutional Review Board protocol
#12200 and was deemed exempt.

We performed initial data merging and cleaning in RStudio using R version 4.1.3 (R Core
Team 2022). We merged Journey dates, participant ages, CS project, TAP responses, and
other related data by Journey number to create a single entry for each Journey, beginning
with 456 entries. After removing all duplicate Journeys and uncompleted Journeys (never
marked as ‘complete’ on SciStarter), we were left with 286 entries.

While the Journey later expanded to include all GS levels (K-12 or GS levels ‘Daisy’
through ‘Ambassador’), older girls outside of the initial K-5 pilot age range often completed
their Journeys independently or in smaller groups. Additionally, the onset of the COVID-19
pandemic around March of 2020 led to Girl Scout troops not being able to meet in person
and younger girls also completing Journeys alone or in smaller groups. To ensure greater
consistency across the Journeys, we retained for analysis only Journeys completed by Girl
Scout troops with pilot grade levels K-5 and those completed before March 15, 2020,
resulting in 253 entries.

Following initial data cleaning and export, the coders (HS and LT) read through
open-ended responses and manually removed entries where respondents only wrote brief
responses such as ‘NA’ or ‘yes’ or mistakenly described their participation in a CS project
as part of Step 2 of the Journey instead of their TAP. This resulted in a total of 245 com-
pleted Journeys with responses for analysis.

Table 1. Question 1 codes representing expected learning outcomes (see Appendix A for code definitions,
sample quotes, and additional details).

Code Abbreviation Full Name & Description aligned to LSIE strands and GSUSA outcomes
Strand 1 LSIE Strand 1 - Sparking Excitement and Interest

Strand 2 LSIE Strand 2 - Understanding Scientific Content and Knowledge

Strand 3 LSIE Strand 3 - Engaging in Scientific Reasoning

Strand 4 LSIE Strand 4 - Reflecting on Science

Strand 5 LSIE Strand 5 - Engaging in Scientific Practices

Strand 6 LSIE Strand 6 - Identifying as a science learner

GSLE1 GS Leadership Experience Outcome 1 - Develop a strong sense of self

GSLE2 GS Leadership Experience Outcome 2 - Display positive values

GSLE3 GS Leadership Experience Outcome 3 - Seek challenges and learn from setbacks
GSLE4 GS Leadership Experience Outcome 4 - Form and maintain healthy relationships
GSLE5 GS Leadership Experience Outcome 5 - Identify and solve problems in the community
GS STEM1 GS STEM Outcome 1 - STEM Interest

GS STEM2 GS STEM Outcome 2 - STEM Confidence

GS STEM3 GS STEM Outcome 3 - STEM Competence

GS STEM4 GS STEM Outcome 4 - STEM Value
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Analysis

We performed manual qualitative analysis of the open-ended survey responses guided by the
following analytic questions:

1. Are troops who complete the Journey achieving expected learning outcomes (informal
science learning, Girl Scout Leadership Experience (GSLE) outcomes, and Girl Scout STEM
outcomes?

2. Are troops’ TAPs related to the science and environmental themes addressed throughout
the Journey?

3. In what ways are troops ‘taking action’ through their TAPs?

We used a combination of deductive and inductive coding with a constant comparative
method (Merriam and Tisdell 2015). To address our first analytic question, we deductively coded
responses to the three open-ended questions, using 15 a priori codes developed from: (1) the
six strands of Learning Science in Informal Environments (LSIE); (2) the five GSLE outcomes and
(3) the four Girl Scout STEM outcomes (Table 1). As is common in STEM programming, the
explicitly stated goals of the Think Like a Citizen Scientist Journey put a primary emphasis on
traditional science content, skill, and process learning rather than affective, behavioral, and
cognitive correlates to learning (NASEM, 2018). These stated outcomes aligned well with many
of the LSIE strands, and in turn with many of the overarching goals for CS programming more
broadly. The codes we chose therefore capture both the typical learning outcomes expected
to occur through CS experiences (as encompassed in the LSIE strands) and specific organizational
goals of the Girl Scouts as a facilitator organization (Leadership and STEM Leadership goals).
For a complete codebook, sample quotes, and detailed explanation of alignment between codes
and intended outcomes, see Appendix A.

To answer question 2, we used inductive coding of open-ended responses cross-referenced
with the name of the CS project type to develop in vivo codes representing the ways in which
girls’ TAPs were related to science and environmental themes (or whether they were unrelated)
(Table 2). For question 3, we further examined the types of actions performed in projects which
were related to science and environmental themes. We used inductive coding of open-ended
responses to develop in vivo codes characterizing the nature of the actions taken (Table 3). We
classified projects which were not related to science and environmental topics as ‘unrelated’
and did not code them further.

In investigating answers to these initial questions, it became clear that ‘educating and inspir-
ing others’ was an overwhelmingly common action taken by girls on their Journey. Therefore,
we also sought to answer the following question:

4. What audiences are girls engaging about scientific and environmental topics?

We used inductive coding of responses to the three open-ended questions to develop codes
characterizing the girls’ audiences for projects related to science and environmental topics (Table
4). Again, we classified projects which were unrelated to science and environmental topics as
‘unrelated’ and did not code them further.

For questions 2-4, the initial list of codes was developed by a single university-affiliated
member of the research team, but with an option of ‘other’ included. To establish inter-rater
reliability, a second member of the research team affiliated with the Girl Scouts of the USA
worked with the first member to agree upon code definitions. These two individuals then
independently coded 59 responses (24% coverage of all responses) for analytic questions 1-4.
The 59 responses were selected to represent a broad array of codes. Percent agreement was
calculated across these 59 responses and was 84% overall (Miles, Huberman, and Saldafia 2018).
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Table 2. List of question 2 codes characterizing relevance of girls’ Take Action Projects to science and environmental
themes.

Code Sample Quotes
Participated in another citizen ‘The girls chose to do another Citizen Scientist Observation Project. They chose the
science project Nature’s Notebook. The girls walked around the wooded area by our meeting space
and collect data on the birds in the area’
Encouraged others to ‘Citizen Science projects are fun and help the scientific community, but our friends and
participate in citizen family don’t know about citizen science. We made a video to share with family and
science friends. We explained what citizen science is and how to get involved. In our video

we also shared what project we did & how much fun it was! We encouraged others
to take on a citizen science project too!

Related to an environmental ~ ‘We wanted to protect our ocean from plastic trash that hurts wildlife by teaching our

theme friends to stop using single use plastics (like straws, plastic bags, and water bottles).
We created a game called "Beach Cleanup" that teaches about not using plastics and
caring for our ocean in a fun way"

Related to citizen science A troop that completed ANT-vasion said: ‘We really enjoyed learning how natural ant

project subject repellents are safe and effective! We wanted to share our findings with others, so
that they may try them out where they may need ant control. We made an
educational video showing how we did the experiment, and the results. We obtained
permission to post it to our own Girl Scout Troop...YouTube channel’

Related to science literacy ‘We wanted to provide more opportunities for kids in our area to learn about STEM. We
assisted in building and donating a STEM backpack for the Frisco Library available to
all kids in our area.

Not related to science or the ‘The Troop wanted to help the residents of the nursing home by providing small throw

environment blankets to help keep them warm. The residents needed the small throw blankets
because the larger blankets get caught in the wheels of their wheel chairs. The
Troop provided one small throw blanket to each resident of the nursing home (60
blankets).

Based on this high percent agreement which indicated code stability, the first member of the
research team completed coding for the remaining 186 responses.

After coding was completed, the coded data was then imported back into R to create sum-
mary statistics to address each of these questions 1-4.

Results

Across the 245 completed journeys that we analyzed, there were participants from 231 GS troops
representing 90 different councils across the US. This included participants from 43 states and
Washington DC, as well as one GS troop from the USA Girl Scouts Overseas Program. Of the 231
GS troops, 130 were single-level troops, meaning all girls were roughly of the same age or grade
and fell into a single GS level - Daisy (n=53 GS troops), Brownie (n=41), and Junior (n=49). The
remaining 101 GS troops were multi-level troops with 2 or more GS levels represented.

Troops participated in 11 different CS projects in the journeys we analyzed, although 90%
of troops chose among just 5 popular projects: Ant Picnic (70 journeys), Stream Selfie (59),
Project Squirrel (49), GLOBE Observer: Clouds (22), and Globe at Night (20) (Appendix B).

Expected learning outcomes

Analysis of learning outcomes in accordance with analytic question 1 revealed that all 15 pos-
sible learning outcomes were represented at least once (Figure 2). Notably, the three most
common outcomes spanned the three code categories of GSLE Outcomes, LSIE Strands, and GS
STEM Outcomes, and reflected girls’ ability to address problems in their communities, understand
scientific content and knowledge, and develop STEM confidence.

GSLE Outcome 5: Identify and Solve Problems in the Community was the most common
outcome, occurring 355 times (48% out of a possible 735 responses: 245 journeys X 3 responses
per Journey). This outcome was often apparent in descriptions of the problem and solution
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Table 3. List of question 3 codes characterizing the types of actions performed through Take Action Projects.
Code

Educate and Inspire Others A troop that completed Globe at Night said: ‘We wanted to teach others about the stars
and constellations. Also about lights out times to view the stars. Our troop made 5
informational posters that are on display in several local schools, at our local library,
and we're displayed at our cookie booths' ‘Not enough people are aware of Citizen
Science...[We made] a presentation and handouts for the public that explains Citizen
Science and encourages others to engage in projects.

Improve environment or ‘The girls wanted to create areas that would attract ‘good’ native bugs and insects. The

habitat girls planned and planted raised garden beds at the local YMCA'

Participate in more citizen ‘We wanted to contribute to another citizen science project. We chose Project Squirrel’

science

Take civic action ‘The girls would like to limit the amount of school supply waste by recycling used and
worn out items that are being thrown in the trash. We will partner with Crayola and
other companies to place recycling bins through out the school for markers, crayons,
and paper and send them to be repurposed. By partnering with the school district they
will be implementing this program every year by educating the teachers and reminding
students of the location and purposes of the bins.

Promote science literacy ‘There were many students in our schools that didn't know much about science and
couldn’t find any age appropriate books to read about science. We decided to raise
money and buy science books to donate to our school library"

Project unrelated to science ‘The Hedgehog...at [a local] Nature Center keeps getting [sic] wearing out his sleep sacks.

or environmental theme The girls sewed 8 new sleep sacks, using techniques from their research into making
hedgehog bags.

Table 4. List of question 4 codes characterizing the audiences engaged
through Take Action Projects.

Code

Peers

Adults

General Public

Civic Leaders

Unspecified Audience

Project unrelated to science or environmental theme

Strand 2
(n=161)

CodeTupe

GSSTEM2 0 Girl Scout STEM
(n=147) (GSSTEM) Outcomes

GirlScout Leadership
[ Experience (GSLE)
Outcomes

Strand 4 Strand 5 Strand 6 Inf ISci
= n=54 A= 50 nformal Science
(=2 ¢ ) ¢ ) O Learning (LSIE) Strands

GSLE1 .— GSLE4(n=13)
Strand 1 Strand 3 STEM1 (n=30)

(n=76) (n=57) (n=43) CESTE B Gstez(n=2)
(n=40) — - GSSTEM3 (h=2)

Figure 2. Treemap depicting comparative frequencies of occurrence of each code for analytic question 1.
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addressed through a TAP. For example, one Girl Scout troop leader presented the following
problem and solution:

The girls would like to limit the amount of school supply waste by recycling used and worn out items
that are being thrown in the trash. We will partner with Crayola and other companies to place recycling
bins through out [sic] the school for markers, crayons, and paper and send them to be repurposed.

The next most common outcome was LSIE Strand 2: Understanding Scientific Content and
Knowledge (161 occurrences, 22% of responses). In demonstrating an understanding of scientific
content and knowledge, girls sometimes shared project-relevant content they learned during
participation in their chosen citizen science project, for example: ‘The girls wanted to inform
the public about light pollution after completing the Stars at Night'

They also often shared information about the process of participating in citizen science and
what they learned through that process. For example, the leader of a Girl Scout troop that
participated in the Ant Picnic project stated: ‘The girls talked with their classmates about science
and being Citizen Scientist [sic]. They showed them their posters on the different foods ants
like to eat and what they were not crazy about.

However, many troops also explored new science and environmental topics through their
TAPs, as evident in the report by the leader of a troop who completed the Stream Selfie citizen
science project:

Bat populations are facing difficulty. Bats need clean water and a place to roost and raise young. The
troop researched bat boxes and built 12 boxes to be donated to state parks as well as the area where
our citizen science project took place.

The last of the most common three codes was Girl Scout STEM Outcome 2: STEM Confidence
(147 occurrences, 20% of responses). This was typically characterized by girls demonstrating
their understanding of the scientific processes they engaged in to others. For example, one
troop leader stated: ‘The Daisies told many people what they did and shared how important
it is to collect data and interpret results"

Relevance to science and the environment

In addressing analytic question 2, six codes were inductively developed to characterize the
relevance of a TAP to science and environmental themes (Figure 3). While girls had the option
to solve any problem in the community for their TAPs, most (81%) chose to take an action
related to science or the environment. Projects involved activities both related and unrelated
to the original CS project completed in Step 1, participating in another CS project or encour-
aging others to do so, and addressing access to resources for cultivating science literacy in the
community.

Some projects encompassed more than one code, and therefore percentages represented in
Figure 3 are non-exclusive, except for the 19% of projects which were not related to science
or the environment. For example, some troops completed a TAP directly related to the citizen
science project they participated in (31%), which also was related to an environmental theme.
Many troops who contributed to Stream Selfie chose to follow up with a stream clean-up and/
or additional water testing:

We went to the stream observed and recorded the clarity of the water. We cleaned up what little litter
we found. We then reported the issues of skin irritation and signs of pesticide and fertilizer runoff we
found...to city officials and others in our neighborhood.

Other troops completed a project related to an environmental theme or issue, but unrelated
to the citizen science project they completed. For example, one troop who participated in the
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Related to an
environmental theme

Encouraged others to 36% \ Related to Citizen Science
participate in citizen science Project Subject

Not related to science
or the environment
19%
Related to
science literacy

4%

Participated in another
citizen science project

Figure 3. Bar graph depicting how Take Action Projects related to science and the environment. Categories are non-exclusive
with the exception of ‘not related...; percentages therefore add up to more than 100%. Percentages are rounded to the nearest
percent.

Globe at Night project — a project focused on recording light pollution (Appendix B) - com-
pleted a TAP related to water conservation:

Our Girl Scout Troop wanted to help educate family, friends and the community on how easy it is to
recycle rainwater for use in gardens and landscaping. Our Troop made a small-scale model of a home with
a downspout and a rainwater collection barrel out of cardstock, a straw and a small solo cup. Each Girl
Scout will then show their family, friends and community what they made and, hopefully, start a conver-
sation on how easy it is to recycle rainwater for use in the garden.

Several others took action by either participating in another CS project themselves, or
encouraging others to do so. While less frequent, a notable handful of troops chose to complete
TAPs related to science literacy. For example, after their experience completing the journey, one
troop leader stated:

We wanted other kids to know how much [fun] science could be and easy ways they could enjoy science.
[They] made a flyer with different tv shows, web sites and books that are STEM related and are fun to to
[sic] watch, play and read.

Types of action

After addressing analytic question 2, we did not seek to further characterize TAPs which were
unrelated to science and environmental topics. We therefore excluded those 47 projects from
the remaining analyses. To address analytic question 3, five codes were inductively developed
to characterize the types of actions taken during the remaining 198 projects (Figure 4). Again,
these codes were non-exclusive, meaning a single project may involve more than one type of
action. For example, many troop leaders reported their troop’s choice to improve habitat or
participate in another citizen science project, but also incorporated ‘educating and inspiring
others’ into their project by getting others to participate with them or telling others about
what they did and how they could participate in the future. One troop who participated in
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Educate and Inspire Others- 66%
Improve Environment or Habitat- 19%
Participate in More Citizen Science - 9%
Promote Science Literacy - 3%

Take Civic Action - 2%

Figure 4. Circular bar graph illustrating the percentages of Take Action Projects in which girls took each coded type of
action. Percentages are rounded to the nearest percent. Projects unrelated to science and environmental topics are not
included. All categories are non-exclusive, therefore percentages add up to more than 100%.

Project Squirrel chose to participate in a second project (Stream Selfie), host a stream cleanup,
and educate others about clean water:

Trash near streams impacts our drinking water. We cleaned up all the trash we saw and also contributed
data to Stream Selfie. We contributed data to help the scientists with their efforts and will continue to
educate others on how everyone can help scientists with data and aldo [sic] how important it is to keep
our waters clean.

A small but notable subset of troops took civic action to achieve long-term solutions to the
problems they identified. For example, one individual Girl Scout addressed the following challenge:

We do not have a recycling bin on our Scout House. | met with two members of the city’s recycling
commission to ask their help in asking the city to put in a recycling bin. They helped me write a presen-
tation to present to the city staff. | will teach our troop what to put into the bin and what not to put
into the bin.

Audiences engaged

As seen in Figure 4, ‘Educating and Inspiring Others’ was the most common type of action girls
performed during their TAPs, occurring in 74% of projects related to science and environmental
topics. Among projects that were related to science and the environment (81%, Figure 3), we
further examined the types of audiences girls engaged on these topics in pursuit of analytic
question 4. We identified 4 main audience categories: peers, adults, the general public, and
civic leaders, with additional codes for ‘unspecified’ audiences and ‘unrelated’ projects. With the
exception of ‘unrelated, these categories are again non-exclusive, as girls often spoke to more
than one type of audience.

Of the 151 TAPs which sought to ‘educate and inspire others, peers (including other Girl
Scouts, siblings, classmates, and friends) were the most frequently engaged audience (n=285),
with the general public (n=39) and adults (teachers, parents, etc.; n=37) being fairly common
as well (Figure 5). A smaller number of troops (n=9) approached civic leaders about enacting
change in their communities. Many respondents also simply wrote that they ‘educated others,
thus the audience was categorized as ‘unspecified’ (n=66).

Examples of projects with audiences spanning multiple categories include ones who engaged
their families (parents and siblings, or adults and peers):
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Figure 5. Bar graph demonstrating the frequency with which girls engaged different audiences through their Take Action
Projects. Projects unrelated to science and environmental topics are not included. All categories are non-exclusive, therefore
percentages add up to more than 100%.

Every scout made a clean water pledge and decided on one action she and her family can do to reduce
water pollution (ie do not litter). Each scout intends to make a permanent change and include her house-
hold members in the pledge;

other Girl Scouts, teachers, and classmates (peers and adults):

We passed out flyers [about fun STEM activities] to our fellow girls [sic] scouts. We also brought flyers to
our schools and gave them to our teachers so that they could give them out to the other kids in our
classes;

and members of the school community and local community more broadly (peers, adults,
and general public):

[Our Troop] wanted to educate their school and local community about how they could use SciStarter to
engage in citizen scientist projects. The Brownies in [Troop Number] designed a flyer that was distributed
to everyone in their k-8 school about how to join citizen scientist projects using SciStarter...They are also
trying to get the information printed in the local newspaper.

Discussion
Expanding CS learning outcomes through facilitation

The structure provided by the facilitated curriculum of the Think Like a Citizen Scientist Journey
and SciStarter platform demonstrated great potential to support varied forms of learning. Our
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analysis identified a wide array of cognitive, affective, and behavioral outcomes among partic-
ipants. By completing the three scaffolded Journey steps, girls implicitly made progress towards
at least three of the expected learning outcomes (Table 1). The science learning activities in
step 1 of the Journey included practicing observation and data collection and therefore facili-
tated achieving LSIE Strand 3: Engaging in Scientific Reasoning, while step 2 - participating in
a CS Project - fulfilled LSIE Strand 5: Engaging in Scientific Practices (NASEM, 2018). Completing
a TAP in step 3 fulfilled GLSE Outcome 5: Identify and solve problems in the community
(GSUSA, 2017).

While a more targeted quantitative assessment of learning outcomes during the first two
steps of the Journey may have allowed measuring changes in knowledge and certain affective
and behavioral components to learning, our analysis of learning here helps to address the
dearth of literature qualitatively exploring outcomes of participation in CS learning experiences
(Phillips et al. 2019). The open-ended nature of responses allowed troops to reflect and identify
the salient aspects of learning from their Journey.

Our analysis revealed that not only these three implicit outcomes but all 15 possible learning
outcomes were present, including the development of content knowledge and science literacy
as well as affective and behavioral outcomes such as science identity, STEM confidence, and
taking actions to address scientific and environmental challenges (Figure 2; Appendix A). While
our analysis centered on the TAP phase of the Journey, it was evident from troop leaders’
responses that the scaffolded and facilitated nature of this learning experience was self-reinforcing,
with troops building on the science learning which occurred in steps 1 and 2 of the Journey
during the TAP phase. Such intentional learning supports are one key element of facilitated CS
which may help to better foster a variety of learning outcomes.

Extension of learning and supporting civic science education

We found Levy et al's (2021) typology of civic science education (CSE) provided a helpful
framework for understanding the different forms of civic science engagement which occurred
through the GS Journey (Table 5). This typology places participation in most CS projects in the
exploratory stage of CSE, which ‘involves the collection and analysis of data on science-related
civic issues’ (Levy et al. 2021, 1057). As discussed above, steps 1 and 2 of the Journey provided
opportunities to achieve these types of skill- and process-focused science learning.

The third step of the Journey - the TAP - proved to be a unique feature of this facilitated
CS experience which paved the way for extensions of learning beyond the typical focus on
scientific skills, content knowledge, and process knowledge. The TAP served as a bridge to
propel girls from the exploratory category of CSE to the purposefully active category, defined by
Levy et al. (2021) as ‘experiences that involve raising awareness, advocating, organizing others,
designing solutions, and/or purposefully participating in efforts to address science-related public
matters’ (1057). Experiences such as these are critical foundations to prepare youth to be more
engaged in civic issues related to science and the environment in the future (Ballard et al. 2017;
Tidball & Krasny, 2010).

There were no explicitly stated learning outcomes for the TAP step of the Journey; the goal
was simply to ‘Do a Take Action Project to address an issue in your community’ (GSUSA, n.d.a.,
1). Perhaps due to the broad guidelines for this step of the Journey, the TAP therefore created
the potential for many unintended learning outcomes. In particular, the emphasis on action
paved the way to the types of behavioral outcomes often only hoped for in CS and environ-
mental programming more broadly (Haywood et al. 2016; Lewandowski & Oberhauser, 2017;
McKinley et al. 2017; Phillips et al. 2018).

While the Journey curriculum provided examples of ways to connect a TAP to the previous
steps in the Journey, the topic of the TAP was ultimately left open to the discretion of each
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Table 5. Activities from the Girl Scouts’ (GS) Think Like a Citizen Scientist Journey mapped onto Levy et al's (2021) typology
of civic science education (CSE).

Levy et al. (2021)

CSE Category Levy et al. (2021) Definition Relevant GS Journey Activities

Foundational ‘CSE experiences that involve exposure to, Interactions with various audiences through
discussion of, and/or peer interactions around efforts to educate and inspire others provided
science-related public matters, with a focus on foundational CSE experiences to these
the development of related knowledge, skills, audiences.
and values'

Exploratory ‘CSE experiences that involve asking questions Participating in a citizen science project provided
and collecting and/or analyzing data and/or exploratory CSE experiences for GS
evidence related to science-related public participants and those who participated with
matters. them.

Purposefully ‘CSE experiences that involve raising awareness,  Enacting a Take Action Project (including sharing

Active advocating, organizing others, designing or discussing science and/or environmental

solutions, and/or purposefully participating in topics; reaching out to a civic leader;
efforts to address science-related public improving the environment or creating
matters. habitat; encouraging others to participate in

citizen science, etc.) provided GS troop
members with purposefully active CSE
experiences.

girl or GS troop. Despite this, 81% of troops still chose to address a problem related to a science
or environmental topic. Among this 81% (198 projects), a high proportion (66%) involved efforts
to educate and inspire others. This process of sharing findings and information with others who
can act upon it — particularly with civic leaders - could itself be considered a form of civic
environmental action (Haywood et al. 2016). Furthermore, the act of demonstrating expertise
and sharing findings has been shown to reinforce learning and boost youth CS participants’
environmental science agency, therefore promoting their confidence in taking future civic envi-
ronmental action (Ballard et al. 2017). These opportunities therefore likely supported the devel-
opment of STEM confidence and science identity captured in some open-ended responses.

Such efforts to educate and inspire others also had the potential to further the learning
impacts of the Journey by providing foundational CSE to the girls’ audiences, characterized by
‘exposure to, discussion of, and/or peer interactions around science-related public matters...
(Levy et al. 2021, 1057). Given their engagement of outside audiences and the breadth of sci-
entific skills and both science and environmental content knowledge girls were exposed to
throughout the Journey, there was great potential for the diffusion of knowledge through the
girls’ social networks and broader audiences. This phenomenon has been described previously
in relation to CS participation, including the spreading of environmental knowledge and skills
by CS participants in a 2014 country-wide study in India (Johnson et al. 2014). The authors
identified a three-step process of dissemination wherein individuals - typically those with
pre-existing interest and concern for environmental issues — seek out opportunities to participate
in CS; develop a degree of expertise and self-efficacy on related issues through this participation;
and in turn engage in advocacy by encouraging members of their social networks to participate,
educating members of the public on related topics, or pursuing a related career or educational
path. In the case of the Girl Scout Journey, we see that even young individuals who may be
newly exposed to environmental and scientific topics of societal importance are able to spread
knowledge and inspire actions through their social networks.

GS troops accomplished this via both peer-to-peer and inter-generational learning through
their efforts to educate their peers, the public, and adults in their lives. Previous research has
demonstrated the potential for peer-to-peer learning to encourage environmental action among
youth (de Vreede et al. 2014). Additionally, youth-led action on environmental issues has been
shown to influence concern and policy support among adults, including civic leaders and
members of the public outside their immediate family (Hartley et al. 2021). In all its forms, the
ways in which the Journey facilitated the sharing of knowledge and outlets for engaging in CS
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and science more broadly makes it an excellent example of the potential for CS participation
to foster community science literacy, an area of emerging interest in CS and STEM education
research (Gibson et al. 2022; NASEM, 2016; NASEM, 2018).

Limitations and future research

We know that girls who completed the Journey were exposed to a variety of science and environ-
mental topics, participated in a CS project, and took community action. Yet, while we observed
extensive evidence of fulfilled learning outcomes among troop leader responses to our open-ended
questions, we were not able to directly or quantitatively measure girls’ learning within the scope of
the current work. Additionally, although girls and their GS troop leaders documented extensive efforts
to ‘educate and inspire others; we did not have the ability to quantify the impact on their audiences.
Finally, while we only saw evidence of direct engagement with civic leaders in nine Journeys, we
expect that older troops may have a greater capacity for such engagement, as a few open-ended
responses specifically noted that due to the girls’ ages (roughly 5-11), their ability to change a rule
or a law (one of the suggested ways of making a TAP ‘sustainable’) was limited. Wichmann et al.
(2022) recently noted the influence of age on behavioral outcomes of CS participation, with increasing
participant age positively affecting students’ ascription of harm for plastic marine debris (PMD), but
negatively affecting their perceived behavioral control, awareness of consequences, ascription of
responsibility, and self-reported behaviors surrounding PMD. Future research could examine and
compare outcomes across the extended age range for the Journey (grades K-12) and similar programs
and could aim for a more quantitative assessment of learning outcomes and civic engagement,
perhaps working in partnership with older girls to measure impacts of their TAPs.

This case study demonstrates the potential for a facilitator organization to promote learning
outcomes and civic action through a CS learning experience. Beyond this single instance of
facilitated citizen science, there is still much to be learned about the roles these organizations
play in the CS ecosystem, including what their motivations are for engaging with CS and the
types of common outcomes these organizations can achieve in pursuit of their own goals and
those of science learning more broadly (multi-project participation, pro-environmental behaviors,
etc.). For example, in the case presented here, the GSUSA focus on hands-on learning and STEM
education made CS programming a good fit for achieving their organizational goals, while the
Girl Scouts’ emphasis on STEM leadership and existing programs to promote learning and action
provided important structures to support and extend learning outcomes from CS participation.
Examination of a greater variety of facilitator organizations will help inform future program
management by further elucidating the contexts and features that can best promote desired
outcomes. One contextual piece which also may be of interest is examining the role of specific
individuals within a facilitator organization in supporting participant learning outcomes. We
emphasized earlier that we were interested in the role of the organization as a whole, but it
is worth noting that key individuals (such as Girl Scout troop leaders) may still have a critical
role as learning brokers in a CS experience (Barron et al. 2009).

A final area of future research with broad implications for the CS community at large is the
potential for facilitator organizations to foster greater inclusion of individuals from groups that
may have been historically under-represented in CS and the STEM sphere more broadly. CS has
roots in efforts to democratize science (Bonney et al. 2016), yet current participant demographics
poorly reflect such aspirations (Allf et al. 2022; Mahmoudi et al. 2022), leading to recent calls
to make CS more inclusive and aligned with community interests (Cooper et al. 2021; Pandya,
2012). While demographics have not been a large focus of this case study, and specific demo-
graphics of participating girls were not available, it is worth emphasizing the geographic diversity
of participants from across the US, including rural and urban areas in 43 states and DC. This
geographic diversity likely also reflects a diversity of economic, social, political, and other back-
grounds which would be worth exploring further. By fostering participation of individuals who
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may not otherwise self-select to participate in CS, facilitator organizations like the Girl Scouts
and others — such as employers, formal and informal educational institutions, and community
groups — could have an important role to play in enhancing inclusion in CS.

Conclusion

This case study of the Girl Scouts’ Think Like a Citizen Scientist Journey on SciStarter demonstrates the
potential for facilitator organizations to promote learning outcomes that might arise from participation
in citizen science and associated learning activities. In particular, the structured progression of activities
from content-and-skills based learning to action-based outcomes facilitated an extremely diverse array
of cognitive, affective, and behavioral outcomes being reported, including the acquisition of STEM content
knowledge and skills, development of science confidence and identity, and the adoption of civic action
and advocacy behaviors. Furthermore, this case provided a unique example of how pairing CS with
community engagement activities can foster peer-to-peer learning, intergenerational learning, increasing
levels of civic science education, and civic action related to science and the environment, paving the
way to increased community science and environmental literacy. Future research related to the role of
facilitator organizations in CS should focus on developing a better understanding of the motivations of
these organizations in employing CS, the specific contexts and organizational features which promote
successful outcomes, and the role facilitator organizations play in enhancing inclusion in CS.
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