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ABSTRACT  
While citizen science and other participatory approaches to science are 
increasingly used in schools to promote student science learning, rarely 
are these students supported to collect, analyze, and share their data 
with meaningful outside audiences. In this study, we used a Design- 
Based Research approach to iteratively develop and examine an 
elementary school-focused community and citizen science (CCS) program 
that facilitated students’ collecting, analyzing, and sharing forest health 
data with their forest manager community partners in an area of 
California, USA facing continual risk of catastrophic wildfires. Focusing on 
the classes of 3 participating teachers, we observed six classes of 3rd and 
4th graders over two 1-year iterations, repeatedly observing their Forest 
Investigations and class visits facilitated by the watershed educators and 
interviewing 34 students each year at the end of the program. Our 
findings suggest that educators and CCS practitioners aiming to support 
students’ development of science knowledge, practices, identity, and 
agency to tackle local environmental problems should design rich and 
repeated scaffolded experiences with data analysis and sharing their 
findings with science partners who can act on their findings.
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Introduction

Citizen science, community science, and other participatory approaches to science research and 
environmental monitoring have been increasingly recognized as a valuable educational experience 
for young people, in and out of school (Kali et al., 2023; Kelemen-Finan et al., 2018; Roche et al., 
2020). While there are ongoing debates about terminology in this field (Cooper et al., 2021; Eitzel 
et al., 2017; Shirk et al., 2012), we here use the term Community and Citizen Science (CCS) to 
acknowledge the range of participatory science projects that members of the public take part in, 
from scientist-driven citizen science projects to community-driven community science projects 
(Ballard et al., 2017). Many have noted overlapping goals of formal science education and CCS 
(Kali et al., 2023; Solé et al., 2024), and research has shown how participating in CCS projects 
can support student disciplinary knowledge learning (Kelemen-Finan et al., 2018), science identity 
development, and agency with environmental advocacy (Ballard et al., 2017). Understanding the 
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pathways between CCS and formal science education is an essential avenue of research to better 
support science education that is based on authentic science practices and connects students to 
scientists.

Our development and study of the school-focused forest monitoring program, Our Forests (OF), 
aimed to explore such intersections. Recognizing that many CCS programs only offer opportunities 
to collect data (Phillips et al., 2021), OF supported students’ engagement through the entire ‘data 
life cycle’ (Bird et al., 2023), where students collected, analyzed, and shared data on local forest 
health. We used a design-based research (DBR) approach to iteratively design successive years of 
programming to support student engagement, learning, and effective pedagogy. While DBR is a 
well-established approach to studying formal education (Bell, 2004; Brown, 1992; Sandoval, 
2014), research in CCS that uses a DBR approach is rare. As suggested by the Committee on Design
ing Citizen Science to Support Science Learning (NASEM, 2018), it offers a unique opportunity to 
learn from and systematically improve, comparing the impacts of activities and program structures 
between iterations through teacher feedback, student data, and observations.

In this study, we aimed to understand how the OF design features (DF) evolved and their impact 
on student learning. OF was designed around three main DF focused on supporting students to 
engage in: (1) Place-based Data Collection, (2) Data analysis and meaning-making, and (3) Sharing 
Findings with Community Partners. While place-based data collection is often the only feature 
included in many CCS projects and, thus, well-studied, we instead focus on students engaging in 
data analysis and sharing findings, which are much less well-studied features, aiming to understand 
how changes in these areas impacted student Environmental Science Agency (ESA) development. 
ESA is a measure that prioritizes disciplinary science knowledge and youth development of identity 
and agency with science as the key learning outcomes we seek to observe. In this study, we asked the 
overarching question: How did the design of the Our Forests program, focused on scaffolding/facili
tating elementary students’ data analysis and sharing their findings with a community partner, 
impact students’ development of Environmental Science Agency? To guide our analysis, we asked 
two sub-questions: What changes did the design team make to scaffold/facilitate students’ data 
analysis and sharing findings with community partners? How did those changes impact participat
ing elementary students’ development of ESA?

Background literature

CCS at school

As scientific literacy is a significant goal of formal education, and with the shift of defining science 
literacy from an individual effort to a collective and collaborative endeavour, there’s a need to 
rethink how scientific knowledge and practices are taught, generated, distributed, and learned. 
One approach to support these goals is through community and citizen science (CCS), achieved 
by allowing students to conduct authentic science inquiry, communicate with scientists, contribute 
directly to scientific research, and support their own everyday meaning-making processes (Bonney 
et al., 2009; Roche et al., 2020). Data literacy skills are supported by exploring the data to develop 
inquiry questions and applying the analysis to real problems, which can lead to a more in-depth 
understanding of the content knowledge and data understanding (Kjelvik & Schultheis, 2019).

However, bringing CCS to schools also faces certain challenges. CCS projects for K-12 schools 
often include multiple stakeholders, and it can be difficult to integrate their differing objectives, for 
example: scientific goals and learning outcomes (Harlin et al., 2018; Roche et al., 2020). A systematic 
review of 46 papers reporting on Citizen Science (CS) in schools revealed that only 20% of papers 
portrayed students as scientists when participating in the CS programs, and only 37% reported 
engaging students in science learning through data collection (Solé et al., 2024). This lack of full 
engagement in the ‘data lifecycle’ was highlighted as an area needing improvement to support stu
dent learning and science identity development.
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Data life cycle in CCS

Many CCS programs focus mainly on engaging participants in the data collection phase and seldom 
go beyond including other scientific research phases. To truly tap into CCS’s educational potential 
to support science literacy development, we need to ask participants for more than just data collec
tion and also engage them in their own learning and knowledge generation processes. Bird et al. 
(2023) refer to the approach of engaging students in the entire scientific research cycle as engaging 
students in a ‘data lifecycle.’

Data analysis as a way to support data literacy
Engaging students in full data-driven scientific inquiry also coincides with another strand of 
educational research effort  – data literacy. Data literacy is generally considered an important 
skill that people should acquire in a society that increasingly relies on big and complex data 
to make decisions (Wolff et al., 2019). Given that many scientific practices in a CCS program 
are data-driven practices (Gibson & Mourad, 2018; Kjelvik & Schultheis, 2019) and often mirror 
many science standards (Germann & Aram, 1996; NGSS, 2013), there is great potential for sup
porting data literacy through CCS in schools. Student data literacy has been shown to improve 
when given opportunities to interact with and analyze authentic data, such as that collected 
through CCS (Gould et al., 2014; Kastens et al., 2015). A CCS program in a school that gener
ates authentic, place-based data that connects to the students’ real-world context and provides a 
practical application of the data can help make connections to disciplinary content and support 
an increased emotional connection to data for students (Doering & Veletsianos, 2007; Langen 
et al., 2014; Wolff et al., 2016).

Sharing findings to support agency development
Another key component of completing the data lifecycle in a CCS program is connecting students 
with the scientist, community organization, or partner that will utilize the data they have collected. 
When students do not feel like the data will be used or understand who they are collecting data for, 
data can begin to feel inauthentic (Harris et al., 2020), and inauthentic data has been found to be 
more challenging for students to interpret (Piatek-Jimenez et al., 2012). However, when this con
nection is made clear, and students are able not only to analyze but also share their findings with 
that scientist, they engage in an important process that can increase self-efficacy in science, science 
identity, and scientific agency (Ballard et al., 2017; Bird et al., 2023).

DBR and CCS

Design-based Research (DBR) is a research method that uses iterative design approaches to create 
learning environments, artifacts, services, or programs to advance theory and practice in edu
cational research settings (Brown, 1992; Sandoval, 2014). Though the DBR approach is not new 
to the educational research field, it has not yet been widely adopted in the field of CCS, though 
it is gaining attention (Dibner & Pandya, 2018; Magnussen & Hod, 2023). DBR as an approach cer
tainly parallels Community-Based Participatory Research (CBPR) in the public health field (Israel 
et al., 2015) and other participatory approaches in the development and natural resources fields 
(Chambers, 1994; Fortmann & Ballard, 2011) in placing equal value on perspectives of those 
affected by the problem, in this case, an educational problem, as the perspectives of university 
researchers. Sandoval (2014) and others have additionally captured the cyclical and iterative nature 
of these methods by offering models and structures for DBR design cycles that include integrating 
theoretical and practice experiences to design and implement a program, collect data on that 
implementation, interpret that data together and re-design to better meet the learning goals for 
the next iteration.
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Theoretical framework

We take a socio-cultural perspective to theorize learning. This study defined learning as an ongoing 
change of participation in the community (Lave & Wenger, 1991; Rogoff, 2003), which means not 
merely measuring learning as conceptual changes but understanding how identity develops and 
how youth exercise agency in their community. Scholars such as Lave and Wenger (1991) and 
Rogoff (2014) argued that there is a paradigm shift in viewing learning from pure cognitive activities 
to a cultural practice, and learning needs to be studied within the situations and contexts of the 
community. As Bell et al. (2017) argued, learners’ identity or ideas about themselves mediate 
their participation within and across learning environments.

We regard identity and agency as fluid, situated, and constructed in practice and in relation to 
the youth’s activities and community. Though identity and agency are two different constructs, they 
are closely related to and leverage each other in this process. Basu et al. (2009) argued with their 
critical science agency framework that as learners construct their identities through interaction 
within communities of practice, the ‘process of coming to be’ provides opportunities for learners 
to exercise their agency to alter their environment to become. In this way, developing disciplinary 
knowledge is another critical step in supporting identity development and exercising agency. For 
this research, we use the Environmental Science Agency (ESA) framework to conceptualize learning 
outcomes (Ballard et al., 2017). Specifically, ESA was first framed by Ballard et al. (2017) to include 
three aspects: (1) the science content knowledge and skills to ensure accurate data production, 
(2) self-identification with roles within the community of practice, and (3) a sense of agency to 
apply scientific findings to leverage for change. In the context of CCS, we look for how youth 
take up/develop the following for each component of ESA: 

(1) The ‘processes, skills, and modes of inquiry associated with this content’ (Basu et al., 2009), in 
this case, forest ecology content.

(2) Particular roles within their project groups and forest/environmental science more generally, 
and how youth came to specialize (or not) in different project components (i.e. sharing 
findings, making graphs, etc.).

(3) A sense of agency for taking action, including how they formulate personal ambitions and goals 
and imagine and expand their involvement in local environmental issues that impact their lives 
and community.

Methods

Context

Our Forests (OF) is a four-year collaborative research-practice partnership with the Center for 
Community and Citizen Science at U.C. Davis, the Sierra Streams Institute (SSI), and the County 
Office of Education. It engaged 3rd to 5th-grade students in forest health monitoring across Nevada 
County, California, an area susceptible to and that had recently experienced to catastrophic wildfi
res, over two implementation years (2021–22 and 2022–23). Students collected, analyzed, and 
shared local forest ecology data, like tree stand density, ground temperature, downed woody debris 
cover, and understory diversity, to inform how a community can manage their forests to promote 
forest health and reduce wildfire risk. Students were prepared to collect forest health data through 
lessons led by SSI educators, which focused on forest health concepts, building inquiry skills, and 
reasoning practices. Forest health data was collected during field trips (called Forest Investigations) 
to local forest sites, which were additionally supported by three to five parent volunteers. In each of 
their Forest Investigations (FI), students collected data using a modified forestry protocol that 
involved tools like Biltmore sticks, quadrats, and thermometers. Students gathered both numerical 
and observational data that they could then analyze. SSI instructors followed curricular sequences 

4 A. I. RACE ET AL.



very closely, ensuring similar experiences across schools. The structure and sequence of classroom 
visits (CV) and forest investigations led by SSI educators differed from the first iteration to the 
second (Figure 1). Students participated in five (in the first iteration) and three (in the second iter
ation) full-day (4-5 hours) field trips that involved data collection and sensemaking activities related 
to forest health concepts. Students analyzed their forest health data in the field (in the first iteration) 
or in the classroom a few days after each field day (in the second iteration) to help contextualize the 
data and its importance to forest health. OF ended with a Share-Out presentation in both iterations, 
with students sharing their findings with the Community Partners (CP) utilizing their data.

Participants

Participants in the program
To recruit teachers/schools, all 3rd to 5th grade teachers in the district were invited to participate by 
the superintendent of schools, and all who applied were accepted. We recruited nineteen teachers 
from four schools for the first iteration and fourteen teachers from four schools, eleven returning 
for the second. Given the in-depth qualitative data collection methods used, we selected ten focal 

Figure 1. Program Curriculum Sequence for the First and Second Iteration. Arrows indicate how lesson activities shifted between 
iterations (i.e. FI1 became CV1 and FI1).
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classes in the first and eight in the second iteration to study more closely. To select the focal classes, 
we considered the spread of grade levels at each school, charter vs. traditional public schools, the 
geographic distance between the schools and the field trip sites, and the percentage of students 
who received free or reduced lunch. For the second iteration, we prioritized choosing the returning 
focal teachers and teachers with the most returning students from the first iteration.

From each class, we collaborated with teachers to select four to six focal students to observe and 
interview. We selected a range of students with respect to gender, school performance based on 
grades, and their responses to a short survey regarding initial interest in and confidence in conduct
ing science, being in nature and experiencing the outdoors. All classes were from a rural county, 
with 60% of students receiving free and reduced lunch services.

Participants in the study
For this study, we examined data from the classes of three teachers who participated in both iter
ations: two fourth-grade teachers and one third-grade teacher, representing two schools and six 
classes of students, or three classes per implementation year. The two schools represent a public 
and a charter elementary school, with about ∼75% white students, 15% Hispanic, and 10% 
other/mixed race. We selected returning teachers to mitigate the influence of teacher differences 
on student learning outcomes. For the first implementation year, five focal youth were selected 
from each class (n = 15). In the second implementation, six focal youth were selected from each 
class (n = 18). Focal students had recent experiences with multiple forest fires, with students men
tioning they had to either escape the fires or were otherwise deeply affected. Pre-survey data on stu
dent science and nature interest and familial connection to science were similar between the two 
years of implementation, with most students reporting neutral to positive responses (Table 1). 
We did not collect any demographic data on the focal students.

Data collection

For this study, we performed interviews with focal students (semi-structured, post-program inter
views), students’ pre and post-program surveys, and observations of focal students engaged in the 
Our Forests Curriculum (structured field notes during all focal students’ field investigations and 
most classroom activities led by SSI educators). The interviews explored students’ ESA development 
and lived experiences of collecting and analyzing data and sharing findings with a community part
ner. These lasted approximately 30 minutes each and were conducted just outside the classroom no 
more than two weeks after the final Share-Out session. For the pre and post-program surveys, we 
used a 4-level Likert scale survey instrument to capture students’ science interests, nature interests, 
and Environmental Science Agency (ESA), which included a series of open-ended questions for stu
dents to provide further description to their responses (see Appendix 1). For the observational 
notes, the researchers followed the focal students in each class and, using a template, wrote detailed 
descriptions of how focal students engaged in the activities and their personal reflections on what 

Table 1. Averages for responses to Likert-scale (1-NO! to 4-YES!) survey questions assessing science and nature interest, and 
familial connection to science.

Survey Question
Year 1 

Average
Year 2 

Average

The people who care for me and I enjoy being in nature together. 3.21 3.30
The people who care for me are interested in science. 2.77 2.79
I like to learn about nature, like which animals live in forests or how plants grow. 3.32 3.38
I like to learn about science in different ways like reading science books, watching videos, 

drawing science diagrams or talking about science.
3.04 3.04

I like to spend time exploring our local forests. 3.28 3.27
Science is my favorite subject in school. 2.82 2.65
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they observed (see Appendix 2). To ensure we observed each focal student for approximately the 
same amount of time, we rotated the observations to different focal students every 15–20 minutes. 
In the second iteration year, we additionally collected video data of all focal classes’ field trips and 
in-class activities led by SSI educators. We continued taking in-the-moment field notes during 
observations, but we also reviewed videos after the field trips to include more details in the 
notes. For this study, we collected a total of 37 field notes, 5 sessions per class for the first iteration 
and 7–8 sessions per class for the second iteration.

DBR conjectures and resulting curricular changes

OF was designed to achieve multiple learning objectives using the three design features (collecting, 
analyzing, and sharing data) as a curricular framework. These included increased knowledge of core 
ecological concepts, engagement in scientific practices and skills, and opportunities to build 
relationships with professional forest ecologists and land managers. During and after each 
implementation year, program collaborators (SSI educators, UCD researchers, Community Part
ners, and teachers) evaluated the program to see if and how objectives were met through surveys, 
conversations, and facilitated group discussions. Through this evaluation, the curriculum under
went two DBR cycles, which we refer to as the first and second iterations.

Drawing from Sandoval (2014), we utilized DBR conjecture mapping as a ‘means of specifying 
theoretically salient features of a learning environment design and mapping out how they are pre
dicted to work together to produce desired outcomes’ (pg. 19). Conjecture mapping allowed us to 
be specific about the principles and theories we wished to guide the program, including our design 
features and ESA. Sandoval highlights that conjectures can be embodied in four kinds of elements 
(defined in Table 2) in the program design: (1) Tools and Materials, (2) Task Structures, (3) Partici
pant Structures, and (4) Discursive Practices. By examining these embodiments, we explored the 
learning that was mediated through these elements and, by comparing the iterations, understand 
how impactful the design-based changes were on learning outcomes explored through ESA. In 
this study, we present the changes that are associated with the design features of ‘Data Analysis’ 
and ‘Sharing Findings.’ A summary of the curriculum associated with the Data Analysis and Sharing 
Findings features, as described through the embodied conjectures, is described in Table 2.

Data analysis methods

We coded the 33 focal youth interviews and the 37 observational field notes. It is important to note 
that we did not observe lessons taught by teachers (i.e. the Yosemite data analysis lesson). Interview, 
open-ended survey questions, and observation data were iteratively coded using themes developed a 
priori to create a codebook (Ballard et al., 2017). In the first stage of analysis, all interview transcripts 
and observation field notes were uploaded to Dedoose. Three authors independently read and coded 
these data to identify enactments of two key YCCS Design Features: Youth Engaging in Data Analysis 
and Youth Sharing Findings with Outside Audiences (Table 3). Authors were mindful during this 
process that our own biases might limit what we coded as enactments of the Design Features, as it 
is not uncommon that participants might respond in ways that are not recognized by the program 
goals. Examples of disengagement or other behaviors, like play, were noted and, while not reported 
here, examined to support the iterations of the program. Once all the data had been coded, the second 
stage of analysis began. The first three authors independently read and coded the same data using 
three parent codes and their child codes designed to identify enactments of ESA focused only on 
the excerpts that had already been tagged in the first stage of analysis (Table 3).

In the third stage of analysis, Dedoose software was used to generate a spreadsheet of co-occur
rences across the two Design Feature parent codes and the three ESA Learning Outcome parent 
codes; or, in other words, a spreadsheet including all excerpts which were tagged with at least one 
of the Design Feature codes and at least one of the ESA Learning Outcome codes. Two researchers 
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then performed independent open coding (Creswell & Creswell, 2017) of the co-occurrence excerpts 
responding to these analytic questions: (1) What was the specific nature of the ESA learning occur
ring in the excerpt? (2) How did or didn’t this Design Feature serve as a pathway to ESA learning?

In the fourth stage of analysis, analytic memos were written to summarize and refine the themes 
and patterns that emerged from open coding relating to specific intersections of Design Features, 

Table 3. Main and sub-codes and definitions for key design features and components of Environmental Science Agency (ESA).

Main Code Sub-Code Definition

ESA 1  – Developing 
Disciplinary Knowledge and 
Practices (Authors (a), 2017)

ESA 1.1 Scientific knowledge & 
Environmental Science Content

Focal youth is observed demonstrating or 
describes engaging in learning new content, 
adding to their knowledge related to 
environmental science, including types of trees, 
facts about the forest, the impact of forest fire, 
and vocabulary and concepts like diversity, 
density, and abundance.

ESA 1.2 Scientific inquiry skills and 
practices

Focal youth is observed demonstrating or 
describes engaging in using observational, 
reasoning, or practice-based skills, evidence, 
and cause & effect to make sense of the natural, 
physical, constructed, and social worlds.

ESA 2  – Identifying Areas of 
Expertise (Authors (a), 2017; 
Authors (b) 2023)

ESA 2.1 Taking on roles or developing 
new roles

Focal student is observed demonstrating or 
describes engaging in moments when they 
self-identify as specialists or self-select roles in 
specific data collection or analysis methods.

ESA 2.2 Becoming competent over their 
actions and roles

Focal student described or demonstrated 
becoming competent in learning disciplinary 
knowledge and using inquiry skills and tools 
within the project.

ESA 2.3 Recognized by others or self as 
an expert in science or specific areas 
of science

Focal student is observed demonstrating or 
describes engaging in being recognized by 
others or at a part of science. Also, when a 
respondent says they feel like a scientist or 
identify as someone who does science.

ESA 3  – Enacting ESA (Authors 
(a), 2017)

ESA 3.1 Shares knowledge/ expertise 
teaching others

Focal student is observed or mentioned 
communicating their CCS findings and science 
practices gained to outside audiences as an act 
of agencyto educate others or encourage 
others to get involved and help create change.

ESA 3.2 Proposing new/alternative 
questions and solutions for the 
community

Focal student is observed demonstrating or 
describing engaging in actions they can take, 
want to take, or have taken to help with the 
forest health that will lead to imagine the forest 
in the way they wish to see based on what 
they’ve learned about forest health.

ESA 3.3 Applying disciplinary 
knowledge and practices practiced in 
the project to another context

Focal student is observed demonstrating or 
describes engaging in how they are engaged 
with science and they contribute to science 
voluntarily in their own time when they take an 
actual action or describe a scenario of using the 
tools or/and scientific practice learned in the 
program in another space and time.

Design Features Youth Engaging in Data Analysis This includes any moments/episodes when 
students were guided by the instructors, self- 
initiated, or referred to make sense of the data, 
looking for patterns, making claims based on 
the data.

Youth Sharing Findings with Outside 
Audiences

Focal youth is observed demonstrating or 
describes engaging in explaining or otherwise 
sharing about OF and the data they collected 
and analyzed, or any part of the project, with 
someone other than their own teacher or 
fellow students. Especially includes any 
engagement in preparations to and share 
findings with the CP.
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ESA Learning Outcomes, and program years. Analytic memos responded to the analytic questions 
from stage three, but also, how did the first iteration and the second iteration data differ with respect 
to these questions? And what were the key programmatic or curricular events during which this 
Design Feature and this ESA Learning Outcome were enacted together? Finally, all authors collec
tively reviewed and discussed the findings represented in analytic memos from both the university 
researcher and practitioner perspectives. In particular, the practitioner partners could respond to 
questions about relevant curriculum materials and decisions and share their first-hand experiences 
as program instructors for reference. This was an important part of the analytic process and a criti
cal member check for validity purposes (Creswell & Creswell, 2017). Specific Likert-scale questions 
around science and familial interest were averaged across focal youth responses at this stage to tri
angulate the qualitative data.

Results

We found that across the two iterations: (1) the tools and materials designed for Our Forests (OF) 
enabled students’ ESA development primarily in the areas of competency in data analysis (ESA 2.2), 
sophisticated use of science and engineering practices (ESA 1.2) and scientific concepts related to 
forest ecology (ESA 1.1), and some aspects of enacting environmental agency (ESA 3); (2) the task 
structures primarily influenced ESA development in students feeling competent in constructing and 
interpreting data representations like graphs (ESA 2.2), comprehension of relevant scientific terms 
(ESA 1.1), and developed skills in argumentation from evidence (ESA 1.2), (3) the participant struc
tures supported students feeling competent in their skills related to sharing findings and data analy
sis (ESA 2), and (4) the discursive practices throughout impacted students’ development of 
disciplinary knowledge and science reasoning practices (ESA 1). While we next report the four 
embodied elements of the design individually, as noted by Sandoval (2014), these are often overlap
ping and work together to support learning, which we elaborate in the Discussion.

Tools and materials

Overall, learning outcomes related to data analysis and sharing findings in both years included all 
three aspects of ESA for all students, including using project-related disciplinary terminology and 
concepts (ESA 1.1), use and/or discussion of scientific practices (ESA 1.2), demonstrating compe
tency or identifying their own expertise in forest sciences (ESA 2.2), and demonstrating agency to 
enact change for the environment by proposing novel solutions to community environmental pro
blems (ESA 3). Specifically, we found that changes in tools and materials from the first to second 
iterations related to data analysis enabled several students in the second iteration to demonstrate a 
more nuanced understanding of the data and an increased sense of competency in data analysis 
(ESA 2.2) by creating their own graphs of the data. Those related to sharing findings enabled several 
students in the second iteration to demonstrate a more sophisticated use of science and engineering 
practices (ESA 1.2), and scientific concepts related to the OF curriculum (ESA 1.1).

In the first iteration, there was one facilitator-led data analysis lesson that occurred during the 
final forest investigation. We found evidence that the tools and materials here supported many stu
dents’ comprehension of interpreting graphs, making scientific claims based on data, and a deeper 
understanding of the concepts the data was conveying (e.g. tree density or plant diversity). In inter
views, some students could use their graphs to interpret and explain data collected many months 
before and described the importance of graphs as a tool to support data comprehension and forest 
ecology knowledge. For example, Riley, a 4th grader, reflected on using graphs, 

I think this part was pretty fun, actually … we got to learn a lot about what the other groups found. One of the 
groups had 100% Scotch broom. My group, we had a little too much grass in our area and I don’t think that 
was great; it’s too much abundance.
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We see here how this student demonstrated disciplinary knowledge (ESA 1.1), such as the term 
‘abundance’ and recognizing that forest data varies among plots.

In the second iteration, multiple classroom-based, facilitator-led data analysis lessons were intro
duced. As we can see from this excerpt from the classroom discourse during the graphing activity, 
facilitators guided students through the graphing process, supporting student learning around dis
ciplinary knowledge of graphing (ESA 1.1). ‘Badger asked the kids what the horizontal axis was 
showing. Noah  – It tells what the plot is. Badger – What vertical axis is showing? Jordan – Numbers 
showing. Badger – What are the numbers? Jordan – How many types.’ We see the Facilitator (Badger) 
scaffolding and supporting the language relevant to the graph (vertical and horizontal axis) and the 
program goals (measuring forest density). While similar learning outcomes are present in the first 
iteration, this additional scaffolding and lessons around data analysis supported many students’ 
learning through a more accurate understanding and use of disciplinary knowledge (ESA 1) and 
increased competence in graphing (ESA 2.2).

In the first iteration, in activities related to students sharing their findings with their community 
partner (CP), many students demonstrated knowledge and understanding of relevant disciplinary 
concepts and practices. However, there was room for improvement in how students were scaffolded 
to prepare and present findings to share with their CPs, and many of the presentations lacked dis
ciplinary authenticity in terms of the questions, claims, evidence, and reasoning that were ulti
mately shared with CPs. We see this in an interview with Riley, a 4th-grade student in the first 
implementation year: 

Well, sometimes, Sophia and I would make a slide that said like, ‘What do you think our forest will look like in 
30 years? If, when we, like, do you think if we took care of it, would it become a tropical forest? Or do you think 
we don’t take care of it and it just turns into a big desert that’s no fun?. And my mom had a really good rec
ommendation … that maybe if people turned off their cars while they were waiting for their kids and only 
turned them back on when they needed to go up … maybe that could help with our forest a little bit too, 
because of the gas.

This student demonstrated conceptual disciplinary knowledge, understanding of scientific practices 
(ESA 1) and science agency (ESA 3) by discussing strategies for supporting forest health with people 
outside of program activities. They also demonstrated discipline-contradicting ideas (e.g. that a pine 
forest might become a tropical forest if residents ‘took good care of it’) and claims making (ESA 1).

In the second iteration, facilitators gave more extensive scaffolding and preparation for the 
Share-Out presentation (e.g. adding language supports and an entire facilitator-led lesson). In 
the presentations, many students demonstrated sophisticated use of science and engineering prac
tices (ESA 1.2), for example, asking questions, arguing from evidence (e.g. goat grazing might be too 
expensive), and communicating information. Students also demonstrated more sophisticated use of 
related disciplinary concepts (ESA 1.1). We can see this in a field note from the Share Out Presen
tation, in which a group of students shares their findings with their CP, Cameron. 

Edward: The total plant diversity conclusion was that our understory diversity is over 5 times more than 
our tree diversity and almost 5 times as much as our shrub diversity. We have a lot more unders
tory diversity in the managed plot than the unmanaged plot.

Alex: I have a question for Cameron. Are you clearing up the area where we go to study our forest? 
Cause of fire hazard, it is very easy for the fire to spread and start there.

Cameron: There will be treating around where you did your investigation. But the unmanaged plot will 
remain unmanaged. They took a giant machine right at the edge of it.

As compared to the first iteration, students in the second iteration of Share-Out Presentations were 
more authentic to the discipline, with students engaging in disciplinary practices (e.g. communicat
ing information, asking questions, making claims from evidence, and using mathematical reasoning 
(ESA 2.2)), demonstrating good understanding of project-related disciplinary concepts (e.g. diver
sity, understory, fire risk as a function of management practices) and terminology (conclusion, plot, 
managed and unmanaged, fire hazard) and making suggestions (ESA 3).
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Task structures

Overall, in both years, many students grasped the importance of data analysis and were able to use 
data visualizations to understand their data (ESA 1) (e.g. density of the forest). Students collaborating 
with peers to share their investigation findings enabled them to argue from evidence, communicate 
information (SEPs / ESA 1.2), and use disciplinary concepts and terminology (ESA 1.1) in talk and 
writing. Changes between the iterations related to task structures of data analysis included a shift in 
the number of activities, the addition of individual practice in graph making, and the organization of 
data collection and analysis from a single plot to managed vs. unmanaged plots. The majority of stu
dents in the second iteration discussed the feeling of expertise they developed by learning to graph 
(ESA 2.2) and demonstrated increased comprehension of relevant scientific terms (ESA 1). Changes 
in task structures related to sharing findings with outside audiences enabled some students to 
demonstrate sophisticated use of developing an argument from evidence (ESA 1.2).

In the first iteration, students only had one opportunity to analyze data with facilitators, students 
working to connect the data they collected to the graphs generated by the facilitators. This activity 
was beneficial for student disciplinary knowledge (ESA 1.1), as they connected their previous data 
collection activities to the ecological measures they aimed to understand, e.g. density and abundance. 
This excerpt shows that a Facilitator prompts students to reflect on how their plots have changed. 

Facilitator: If you were to make a hypothesis or guess about which plot has more diversity, what would you 
say? Sophia: We have a little more because where we did it last it has grown a little more. There are more 
plants.

This student correctly describes what it means for the plot to increase in diversity (ESA 1.1).
In the second iteration, students had three opportunities, including one independent graphing 

activity, to engage in data analysis. In the interviews, students demonstrated increased process- 
oriented skills (ESA 1.2), such as more detailed descriptions of how they made the graph. They bet
ter understood and described the nuanced differences between making the graph and reading a 
graph handed to them. Related to this, students discussed how they overcame the challenges of 
creating their own graphs. We see this here with Edward, a 4th grader, 

Interviewer: So this [making the graph] is harder than looking at the graph.
Edward: Yes. It was way harder. I mean ‘cause you had to actually color it and draw it out. That one, the 

bars were there, you just had to count them up. But this one, you have to color it up. And if you 
go over a little bit, it might seem like it’s four.

This student described the challenges of creating a graph, like accurately filling the bars to represent 
the correct number. They relate to the ease of just reading a graph, where one only has to count to 
where the bar is. However, while this was a challenge, a few students described how this and other 
data analysis processes became easier, as we see here from Annie, a 4th grader, who initially 
struggled with understanding how to read a graph but with practice, figured it out, 

Annie: Um … Well, I didn’t really know what it [the graph meant] meant. Like, I was always really 
confused. I thought it was how tall the tree was.

Interviewer: But now you’re just like, this [the graph] is [represents]the number of trees.
Annie: Yeah.

This showcases the importance of repetitive data analysis practice in supporting student learning 
(ESA 1) and competence in data analysis (ESA 2).

In end of program student interviews, in both years, many students referenced data analysis 
(graphs, etc.) as a key activity that made them feel like they were scientists (ESA 2). We see this 
here in a 4th-grade student: 

Interviewer: So, did any activity make you feel like a scientist or like you were doing science?
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Ashley: Maybe, like, when we’re making the charts, because it kind of- When we’re charting, kind of 
make me feel like we are, like, making … we’re making something. And we didn’t know … we 
didn’t know what we were doing, but at the same time, we did it. So, that’s kind of like science.

While this was present in both years, with the increased exposure to data analysis activities in the 
second iteration of the program, we found a stronger connection between data analysis and science 
identity in the focal students. This also reflects an expansion of students’ views of science, as in pre- 
survey responses, students largely mention science as involving experiments, observation, and 
knowledge generation, none discussing data analysis as part of this process.

In the first iteration, students collaborated with peers to create Share-Out presentations in small 
group activities facilitated by their teachers. We see this here in an observation note from a pres
entation in a 4th-grade classroom. 

The students show the graph of their data. They talk about how they used quadrats to count the ‘diversity and 
abundance’ of plants in the area. They also provide definitions for these terms. They also review ‘density’ and 
how that can impact a fire’s movement. They talk about controlled burns and scotch broom. Their recommen
dations include don’t start fires, pull scotch broom when they go on walks (from the roots), pick up plastic to 
not pollute the ocean, plant new trees in open spaces.

In this example, students communicate data (their graph) and make recommendations (e.g. not 
start fires). However, the recommendations are not specifically related to the data, and no scientific 
reasoning is provided.

In the second iteration, students collaborated with peers to create Share-Out presentations in 
small group activities facilitated and scaffolded by OF facilitators. This, in turn, supported students’ 
ability to create presentations based on data and students’ making claims based on evidence. Here, we 
see an observation from the Share-Out presentation in the same classroom in the second iteration. 

Eloise: We found our managed plot has a lot more plant diversity. The unmanaged plot does not have as 
many as the managed plot.

Mariam: Based on our data, our managed and unmanaged plots are different because the managed plot is 
higher than the unmanaged plot.

Eloise: The reason that might explain this is that the unmanaged plot has more woody and less non- 
woody. The unmanaged plot has 1 digit number, less room to grow in the understory. The unders
tory is getting shaded out.

In this example, students communicate their findings as supported by their data, providing evi
dence to support their reasoning. They also exhibit effective use of disciplinary terminology 
(ESA 1.1) and an understanding of their data as it relates to forest health (ESA 1.2).

Participant structures

In both iterations, participant structures were arranged in small groups for data analysis and shar
ing findings. In the second iteration, students’ small groups were better scaffolded in the Share-Out 
preparation and data analysis activities included one in which students worked individually on 
creating graphs of their data, supporting ESA 2 development.

Participant structures related to data analysis organized students in small groups with whole 
group discussions for both years. Small group discussions of making sense of data visualizations 
supported the development of scientific argumentation, with students having to defend their claims 
based on data (ESA 1.1). This was particularly supported through the multiple iterations of data 
analysis practice in the second iteration, as we see here in the second data analysis activity, occur
ring in a 4th-grade classroom. 

Mary: I think that managed and unmanaged are similar, not unsimilar. Because managed has more 
shrubs but unmanaged has no shrubs.

Ashley: But there’s more shrubs in the managed than in unmanaged.
Edward: True.
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Badger: So more total shrubs.
Edward: But we are talking about diversity.
Will: We all disagree. We all agree they are different but different reasons.

The students in this group are trying to decide whether the managed or the unmanaged plot has 
more diversity. They use the graphs provided, their experiences in the field, and disciplinary knowl
edge to support their claims.

In both years, participant structures related to sharing findings organized students as small 
group collaborators to prepare for the final Share-Out activity and to create Share-Out presenta
tions. In the second iteration, small group work was better scaffolded and supported, which enabled 
students to develop roles (in some cases) like ‘artist’ and ‘CEO,’ as evidenced in interview data. 

Interviewer: I heard that, you were the artist.
Rose: (laughs) Yeah, I did all the pine cones, and I glued these pencils for that tree there.
Interviewer: That’s really cool. So I also heard that while you were doing this your team decided to name, 

different roles, like Captain, and-
Rose: Mm-hmm. There was the CEO. Edward was the co-manager. So that was just basically, like, we 

asked him what we needed to do and what was important. So Liberty, Edward and Alex, wrote 
all the paragraph that we wrote down and stuff that we learned.

We see how this student recounts the process of creating the Share-out presentation. With 
additional time and scaffolding, the small group structure allowed students to be creative and 
take on identities while creating the presentation poster (ESA 2).

Discursive practices

In both iterations, students were guided to use Claim  – Evidence  – Reasoning (CER) Discourse 
Patterns when engaging in data analysis and sharing their findings, which supported student mean
ing-making and engagement in disciplinary knowledge and science reasoning practices directly and 
repeatedly (ESA 1).

CER discursive practices were used in both iterations to support the data analysis activities 
that happened collaboratively during the forest investigation. These activities supported disci
plinary content and skills development (ESA 1), like scientific argumentation. In the second iter
ation, students were also encouraged to use the sentence frames of ‘I notice’ and ‘I wonder’ 
when making sense of data. While parts of this were challenging for some students, we 
found that struggling through it supported their comprehension of graphs (ESA 1) and feelings 
of competence in this new skill (ESA 2), like Will, a fourth grader, stated explicitly in their 
interview. 

Will: Well, I think for the graph, the ‘I wonder and I notice … ’ is the hardest part because ‘I wonder  
… ,’ is kind of hard because you’re wondering a lot of things, and you don’t really know, like, 
‘Do I want to know this? Or this?- Or can I do both so I can figure out this?’

Interviewer: Did it become easier over time to do it?
Will: Yeah. Over time, it definitely gets easier.

Will explained their struggle not as an obstacle but as an endeavor they were pursuing, with the 
sentence frames encouraging them to engage metacognitively about what they thought about 
their observations of the graph trends.

In the first iteration of the Share-Out presentations, students were provided with little formal 
guidance, resulting in a high degree of variance in the use and quality of CER discourse. Most 
students did not directly offer evidence from their own data for the recommendations they pre
sented to their community partner (CP). However, in the second iteration, the Share-Out prep
aration engaged the students in developing unified, formal scientific arguments based on 
evidence they had collected together, reasoning using concepts they had learned together, 
and claims relevant to the CP’s questions and needs. We see here the classroom discourse 
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that emerged during a 4th-grade class during the second iteration’s share out preparation 
lesson. 

Badger: wrapping up the session, asked the group to make a claim about whether the data was similar or 
different between managed and unmanaged plots.

Edward: They are both similar and different. Cause … (looking at the data table) No, no … (he drags the 
sheet closer to him and examines it) No … 

Will: We found out that our unmanaged plot had the lowest shrub diversity. But a different unmanaged 
plot had the highest shrub diversity. So, we think that the unmanaged plot is very unpredictable.

Focal youth in this class session made clear claims based on their data, scaffolded by the OF facil
itator Badger. They then used this data to make meaning of their plots and claims based on evidence 
in preparation for their presentation to their CP.

Discussion

We found that the Our Forests (OF) design features, Students Engaging in Data Analysis and Shar
ing Findings with Community Partners, supported student development of ESA and that using 
DBR to iteratively revise these features allowed for greater student ESA development in the final 
implementation of the program. Our study provides a rich example of how DBR can be used in 
CCS program design and CCS education research to continuously improve learning interventions 
and generate rigorous, theoretically sound evidence of learning outcomes, as the NASEM (2018) 
committee suggested. Our findings have shown that the iterative design of a school-based CCS pro
gram can help support ESA development, highlighting the role these often underrepresented com
ponents of the data life cycle play. These findings corroborate those from several other studies 
examining schools partnering with scientists in the context of citizen science, where conversations 
(live or asynchronous) with scientists enhanced students understanding of the scientific work of the 
project (Aridor et al., 2023; Bird et al., 2023). In addition to contributing to the scholarship on 
science learning, we offer here recommendations for CCS program design for in  – and out-of- 
school settings, specifically around ways to facilitate and scaffold youth making meaning with 
data and sharing findings with key stakeholders, which we see as intertwined to maximize science 
learning.

We found that the programmatic embodiments of these design features supported all aspects of 
ESA, though ESA 1 and ESA 2 more than ESA 3. Examples of this learning included students 
demonstrating disciplinary knowledge (e.g. density and diversity of their plots) and skills (e.g. 
data comprehension and presentation) (ESA 1), enacting science identity through expression of 
increased competence in relevant skills (ESA 2) and generating and sharing novel ideas for how 
their findings could be used to improve forest health (ESA 3). This learning emerged not just 
from these design features, but from a broader CCS program centered on a real-world issue, 
approached through the complete data life cycle. Similarly, Solé et al. (2024) identified four cat
egories through a systematic literature review of citizen science in formal education contexts: stu
dents using science, students helping science, students learning science collecting data, and students 
learning science by acting as scientists. By demonstrating the learning impacts of a program that 
effectively includes all of these areas, our findings embody and buttress their arguments for the 
importance of comprehensive programs like OF.

We found that when students had well-scaffolded opportunities in the second iteration to share 
their investigation findings with their CP at the end of the year, they experienced better opportu
nities to learn. They produced and presented a high-quality disciplinary text (their Share-Out pres
entation), developed and defended claims and reasoning based on evidence, and in some cases, 
engaged in back-and-forth arguments with their CP that positioned them as experts (Mercer & Lit
tleton, 2007). When students are positioned as experts in their community of practice, they learn 
through becoming developing practice related identity (Lave & Wenger, 1991; Rogoff, 2014). 
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This was present in our findings, as a higher occurrence of science identity was found in the pro
gram’s second iteration.

We found that Sharing Findings provided a contextualizing purpose for Data Analysis (Harris 
et al., 2020; Piatek-Jimenez et al., 2012), which was reinforced in the second iterations Share Out 
scaffolding. With the added data analysis practice and the addition of independent work in the 
second iteration, students shared their data in a way that provided more data-driven recommen
dations (Bird et al., 2023). Thus, while ESA learning was evidenced in each design feature, we 
see the importance of building connections and skills across these to deepen students’ connection 
to and learning within a school-based CCS project (Solé et al., 2024).

In fact, ours and these previous studies provide evidence that rather than being in competition 
with each other as is often posited and debated in the CCS literature (Jadallah & Wise, 2023; Kobori 
et al., 2016; Parrish et al., 2018), the scientific goals and the educational goals in OF are not only 
intertwined but interdependent to effectively foster students’ ESA development. When the science 
curriculum standards alone were prioritized in activities in the first iteration of the program, many 
students’ development of identity and agency with science were not as rich or complex as during the 
second iteration, when earlier and more frequent framing and preparations to share their findings 
with their CP. This speaks to the importance of designing CCS programs for students with both 
teachers and scientist partners involved from the beginning, which can be done as part of a DBR 
process as we have done and is also suggested by Bopardikar et al. (2023) and Atias et al. (2023) 
who offer other structured processes for education researchers to partner with teachers and scien
tists in the design of CCS.

Finally, it is important to acknowledge that while we found important science learning outcomes 
as a result of engaging students in the whole data lifecycle, and particularly through sharing their 
findings with an authentic community partner, there are ways in which the intensive scaffolding for 
students removes some of the authenticity of doing real science for students. Important critiques of 
school-focused CCS suggest that when it is largely prescribed, scripted, and focused on rigid pro
tocols, the extent to which students are truly asking and answering their own questions about issues 
they care about may be minimal and even disempowering (Calabrese Barton, 2012). In fact, many 
participatory approaches focused on student  – and community-driven science make space for stu
dents’ own epistemologies and funds of knowledge (O’Neill et al., 2023; Tan & Faircloth, 2023) in 
ways that the program did not. This might contribute to what we see in our findings, as while stu
dents’ ESA learning was strongly developed in content knowledge and skills, we saw fewer examples 
of students acting with agency to make change beyond the program in their communities. So, while 
students working in collaboration with local forest managers to address real community concerns 
like wildfire risk is certainly getting closer to answering the call for more community involvement in 
school-focused CCS (Ballard, 2023; Kali et al., 2023), as a field, we should continue to work toward 
balancing the goals of meeting science curriculum standards while also opening the space and time 
for students to pursue their own epistemologies to meet community needs, which is possible (Tan & 
Faircloth, 2023), but certainly not easy.

Conclusions

As a study of what school-based community and citizen science can look like when design goes 
beyond students collecting data, we found the Our Forests program supported student development 
of ESA in a variety of ways. We also found that using DBR to iteratively revise these features of the 
program allowed for greater student ESA development in the final implementation of the program. 
Specifically, we found that repeated exposures to and individual practice with data analysis skills 
(e.g. making meaning of data in relation to research goals, interpreting and making graphs) sup
ported students’ development of data literacy skills and science identity as they had the chance 
to practice and get better at working with the data in ways often limited in elementary classrooms 
(NGSS, 2013). When students were given the opportunity to share their findings with meaningful 
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audiences, we found that increased scaffolding for the preparation of their Share-Out presentations 
increased students’ ability to produce and share data-driven presentations with the community 
partner, better engage in scientific discussion, and demonstrate a clearer understanding of disciplin
ary knowledge.
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Appendix

Appendix 1. Pre/Post Survey Questions

Pre-Survey Post-survey
I like to learn about nature, like where animals live or 

how plants grow.
I spend time thinking about our local forests.

I like to spend time exploring our local forests. I feel _______ when I am in our local forests (check all that apply):
I think our local forest is healthy. Write 1–2 sentences: Why does our local forest make you feel that 

way?
Write 1–2 sentences: Why do you think it is or isn’t 

healthy?
I am able to observe our local forest to learn about it.

I am able to observe our local forest to learn about it. I think our forest is healthy.
I enjoy being in nature with my family and people who 

care about me.
Write 1–2 sentences: Why do you think it is or isn’t healthy?

I feel _______ when I am in our local forests (check all 
that apply):

I got better at collecting data while doing the Our Forests activities.

Write 1–2 sentences: Why does our forest make you feel 
that way?

I got better at reading and understanding graphs while doing the Our 
Forests activities

I am good at documenting or writing about what I see in 
the forest.

I got better at talking or writing about data while doing the Our 
Forests activities.

Write 1–2 sentences: What is science to you? I got better at talking or writing about what I observed in the forest.
I like to learn about science in different ways. I got better at making close observations.
Science is my favorite subject in school. I can imagine myself doing science in my job someday.
The people who care for me are interested in science. I felt like I was doing science when I used science tools to take 

measurements of our forest, like rulers, magnifying glass, and 
thermometers.

I am good at talking or writing about data. I liked working with the data we collected about our forests.
I am good at making close observations. I felt like I was doing science when I collected data at our forest site.
I feel like I’m doing science when I collect data. I felt like I was doing science when I analyzed data about our forest 

site.
I have ideas about scientific questions I want to ask 

about our local forest.
I felt like I was doing science when I shared data about our forest site 

with our community partner.
I can imagine myself doing science someday. I am able to use my science knowledge and skills to help our local 

forest.
I feel like I’m doing science when I use rulers, magnifying 

glasses, and thermometers.
I can think of ways I’d like to collect data about our local forest.

I feel like I am doing science when I am graphing and 
analyzing data.

I have ideas about more scientific questions I want to ask about forest 
health.

I can imagine myself as a scientist someday. Sharing data about our forest with our community partner made me 
want to help the forest.

I am able to use my science knowledge and skills to help 
our local fores

I’ve told other people about our local forest based on what I learned 
this year.

I can think of ways I’d like to collect data about our local 
forest.

I have ideas about how I could help our local forests.

I have ideas about how I could help our local forests. Write 1–2 sentences: What would you like to do to help our local 
forests?

Write 1–2 sentences: What would you like to do or think 
people should do to help our local forests?

Appendix 2: Observation Field Notes and Analytical Memo Template

Filename:
Observer name:
Date:
School Name:
Teacher Name:
Grade Level:
Observation # for this class
Data files collected (can paste links): List all data files collected from the event using the correct conventions (i.e. 

for photos, audio, lesson plans etc.).
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A. Pre-observations for continuity purposes: To be completed BEFORE observation #2 
onward
[Review previous field observations of this class. (1) List below any key moments, class dynamics or questions to pay 
attention to during this upcoming observation. (2) What do we already know about focal students and what questions 
do we have about their ESA?]

OBSERVATION DAY

B. Logistical Information and Settings

. Primary event type (Bold the choice): FIZ Trip/ Classroom visit only

. Present FOCAL Youth IDs:

. Absent FOCAL Youth IDs (if any):

. # Students Present out of total size for ratio:

. If outside, environmental conditions: Good / Fair / Poor

Describe:
[We need a detailed description of the environmental conditions, especially for the Field Investigation days, since 

the condition will affect children’s general participation.] 

. Community Participants’ Names and/or positions or relations to the FYs (including SSI, CP, and Chaperon):

. School Setting/Classroom Setting/Field Investigation Zone (FIZ) if visit the space the first time:

Describe:
[What’s your general impression of this space? What things caught your attention? What did you notice 

immediately?]

C. WHOLE CLASS or FOCAL GROUP/FOCAL YOUTH OBSERVATION NOTES
Copy and paste the curriculum outline for this specific day and grade here and leave only the Headings. 

. ACTUAL TIME (not video recorder time) + Activity Name (curriculum outline)  – Participant Structure 
(Whole Class/Small Group/Pairs/Individual)

(use this space to add notes for the activity. If the activity is skipped, write down SKIPPED)
ADDITIONAL REFLECTIONS WITH INSTRUCTORS, TEACHERS, CP (if any)

D. Synopsis
Provide a quick synopsis of what happened, what activities the youth did, and who was there (3–5 bullet points). 

. Main Topics Covered:

. Main Activities Students engaged in:

. Tools used:

. Framing provided by the instructor about the goals for the day and purpose of the activities:[paraphrasing from 
the instructor when they frame the goals for the day and how they debriefed it and who are students doing this for 
– AND observers’ overall interpretation of this.]

E: Reflections and takeaways

. What was surprising from this visit?

. What jumped out at you?

. What prior knowledge and experiences do focal youths bring to the classroom visits or the forest investigations?

. How does this visit make you think about the research questions (what features of the program seem to support 
youth development of ESA?), how does this relate to the theory and other research we’re engaging with?

. How does this make you think about other field observations/ interviews you’ve done or will do  – lessons for next 
time?

. Choice quotes or episodes you don’t want to forget (approximately when, timestamp?)
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