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Abstract

Community driven science has emerged as a way to engage participants in
learning about science while giving them a deeper understanding of what it means to do
science and identify as one who does science. This multi-method case study investigated
how secondary science preservice teachers experienced a community driven science
project within the context of a university course and whether and how their experiences
influenced their science identities. Pre- and post-surveys, semi-structured interviews, and
course assignments were analyzed using the construct of an individual’s science identity
embedded within a community of practice to answer the three research questions.
Participants overcame challenges and reported aspects of enjoyment, interest, and
learning within the community driven science project. Results suggest engagement with a
community driven science project can foster identity development when practiced within
the structure of a university course. Additionally, engagement with the project gave
participants an opportunity to practice their science skills and supported their learning of
science practices. Results from this study showcase some similarities and differences
from research exploring participant outcomes and engagement with community driven
science in informal and out of school contexts. This study could serve as a model for
teacher preparation programs to support secondary science preservice teachers’ science

identities.
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Chapter 1

Inspired by my own experiences as both a science teacher and a teacher educator,
| became curious about how secondary science preservice teachers related to science and
how they did or did not see themselves as a science person. Practicing science teachers
are tasked with creating learning environments aligned with the instructional approaches
described in the Framework for Science Education (National Research Council, 2012)
and the Next Generation Science Standards (NGSS Lead States, 2013). These approaches
require science teachers to have not only a thorough understanding of the content, but
also a deep cultural understanding of what science is and what scientists do. Embedded
within these standards are science practices such as asking questions and defining
problems and planning and carrying out investigations (NGSS Lead States, 2013).

Having a strong science identity may help secondary science teachers better
navigate these standards and engage their students in authentic science experiences.
There is research investigating science identity work within K-12 education (Horne &
Bell, 2017; Smith & Darfler, 2012) and science identity work with elementary preservice
teachers (J. L. Chen & Mensah, 2018; Menon, 2020) however there is little research on
science identity work with secondary preservice teachers.

Teacher preparation programs play an important role in shaping effective science
teachers. Research suggests that preservice teachers’ identities are developing throughout
the course of their teacher preparation program (Avraamidou, 2016; Luehmann, 2007).
Much of this literature focuses on preservice teachers’ evolving professional or teacher

identities (Chong et al., 2011; Izadinia, 2015; Molander & Hamza, 2018). This work is



valuable as it offers teacher preparation programs insights into supporting preservice
teachers’ evolving professional identities.

Less is known about how preparation programs can support preservice teachers’
evolving disciplinary or science identities. A teacher’s science identity is an integral part
of their sense of self and who they are as a teacher (Helms, 1998). Science teachers with
a strong and positive science identity are better able to model science practices and
behaviors for their students as well as enact the type of active science learning called for
in the standards and reform documents (Chung-Parsons & Bailey, 2019). How teachers
identify with science influences their pedagogical practices and philosophies
implemented or embedded into their classroom (Berg & Mensah, 2014). Knowing more
about how preservice teachers identify with science and what experiences help support
their evolving science identity could enable teacher preparation programs to better
support this facet of identity development.

Community driven science (CDS) participation is emerging as a potential strategy
to positively impact individuals’ science identities along with enhancing their science
content learning (Ballard et al., 2018). In CDS, non-scientists engage in research that
answers real world questions (Bonney, Cooper, et al., 2009) and contribute to authentic,
data-driven science investigations, facilitating their involvement in multiple aspects of
the science investigatory process such as data collection and analysis (National
Academies of Sciences, Engineering, and Medicine, 2018; Phillips et al., 2019). Other
terms that are used to describe this type of participation in science include citizen science,
public engagement in scientific research, and participatory research among others. The

term community driven science (CDS) will be used in this study to denote the place-



based and social aspects of the project without including the term citizen which is
problematic in practice (Eitzel et al., 2017).

Within the growing field of CDS, participant engagement levels and project types
are diverse. Regardless of the type of project however, evidence suggest there are
positive participant outcomes such as increased understanding of science content, science
skills, and critical thinking (Bonney et al., 2016; Phillips et al., 2019). Additionally,
studies looking into individuals’ beliefs and attitudes along with how individuals identify
with science, suggest these aspects may be positively influenced as they participate in
these projects (Barton & Tan, 2010; He et al., 2019; Wallace & Bodzin, 2017). Studies in
this area generally focus on participation in CDS projects in informal science spaces
where individuals voluntarily participate. Fewer studies have looked at outcomes and
experiences of participants in CDS projects within formal science spaces such as K-12 or
higher education classrooms.

Because participation in CDS projects within informal spaces has been shown to
exert a positive influence on participants in myriad ways, including with regard to their
science identity, | propose to learn more about student experiences with CDS in a formal
environment by studying how engagement with a CDS project as part of a university
course can potentially influence secondary science preservice teachers’ existing science
identities.

Participants in this study are enrolled in a dual degree program where
undergraduates earn bachelor’s degrees in their science content area and secondary
education simultaneously. The program provides early and varied practicum experiences

for students, courses targeting pedagogy, as well as courses centered on their content



areas. This study focuses on students enrolled in an upper-level research methods course
designed to support experiential learning of how scientists develop new knowledge and
insights through the science investigatory process. Although students in the class have a
variety of content majors, including mathematics, | focus on the experiences of the
science majors.

As part of their participation in the research methods course, students took part in
a two-month long CDS project aligned with Nature’s Notebook (USA/NPN, n.d.).
Students worked in small groups and engaged in aspects of the science investigatory
process, including asking questions, planning an investigation, collecting and analyzing
data, and communicating results. The project kicked off with a visit to a local nature
reserve where data for Nature’s Notebook are collected and groups continued collecting
data locally to answer their research question and contribute to the Nature’s Notebook
platform.

To investigate the experiences and potential influences to participants’ science
identities I used a multi-method case study design (Green et al., 2006; Merriam, 1998;
Yin, 2018). Primary data sources include a pre- and post-survey using Likert type
questions to measure participants’ science identity and a post semi-structured interview to
elicit participants’ experiences and thoughts about their engagement with the CDS
project. Secondary data sources include in-class assignments and reflections completed
during the CDS project.

Purpose of the Study
The purpose of this study is to better understand how participants reflect on their

experiences in a CDS project in a formal educational space and to explore whether and, if



so, how their experiences influence their science identity development. My research
questions are:

1. How do secondary science preservice teachers describe their experiences with
a community driven science project?

2. Does participating in a community driven science project as part of a
university course influence how secondary science preservice teachers
perceive their own science identity?

3. How does participation in a community driven science project as part of a
university course influence secondary science preservice teachers’ science
identity development?

Conceptual Framework

This study focused on how participants’ science identity may be influenced by
their experiences as they engage in a CDS project as part of their research methods
course. | utilize the construct of science identity as how one sees themselves and is
recognized by others as someone who understands, uses, and does science (Ballard et al.,
2018). A person’s science identity is influenced by the following dimensions: their
competence, performance, recognition, and interest (Carlone & Johnson, 2007; Hazari et
al., 2010). A person’s competence in science comprises what they know and understand
about science content and how confident they feel about their ability to learn new
content. Performance is closely related to competence and encompasses how one
executes scientific practices such as using scientific tools and their ways of discourse.
Recognition describes how a person understands themselves and is perceived by others as

a “science person” (Carlone & Johnson, 2007). Finally, interest describes a person’s



desire to pursue science topics and activities (Godwin et al., 2016; Hazari et al., 2010).
Interest, in this study, can be thought of as how much personal relevance a person
attributes to a science topic or project (Phillips et al., 2018). Because participation in a
CDS project entails engaging with science practices, roles, and tools, and can be of
personal importance to individuals, studying science identity in this setting is ideal
(Ballard et al., 2018).

My conceptual framework lies within a sociocultural lens that adds important
assumptions related to identity. Identities are formed in practice (Carlone & Johnson,
2007; Lave & Wenger, 1991), and people have agency in creating their identities (Barton
& Tan, 2010; Eccles, 2019). However, this agency is tempered by historical, social,
institutional, and local structures (Holland et al., 1998). Finally, identity formation occurs
at different timescales and can be fragile but, with continual strengthening, can become
more stable (Carlone, 2012).

Because this study takes place in a formal science educational space, | also
considered how identity is related to learning in my conceptual framework. | incorporated
Lave and Wenger’s (1991) views of identity and learning as occurring within a social
practice. Learning and a sense of identity are inseparable and are aspects of the same
phenomena because learning implies becoming a different person (Lave & Wenger,
1991). The undergraduate preservice teachers in this study are a part of this community
of practice in their research methods course. Some of them were novices while others had
more experience with scientific research and shared their knowledge and skills to
potentially elevate their peer’s understandings. Additionally, all participants engaged in

and had access to the discourses and tools of this science community.



Participation in a CDS project can foster students’ engagement with the following
aspects of science identity: performance, competence, recognition, and interest. By being
an active member of a CDS project, a participant engages in a social performance of
scientific practices. They can be exposed to and use the tools and vocabulary of science.
For example, studies have demonstrated participants gain an increase in their skills
related to science inquiry, such as asking questions, designing studies, and collecting and
analyzing information (Phillips et al., 2019; Pitt et al., 2019). Participants in CDS projects
have also evidenced content knowledge gains and report feeling more confident in their
ability to do science and talk about science with others (Bonney et al., 2016; Brossard et
al., 2005; Phillips et al., 2018; Sickler et al., 2014).

Recognizing oneself and being recognized by others as a science person is another
aspect of a science identity. Participants in a CDS project are frequently involved in a
collaborative effort and can come to see themselves as part of and belonging to this
science community (Mankowski et al., 2011; Phillips et al., 2019). Participants can
develop higher self-efficacy and agency relating to science; they feel they can make a
difference in the project they are working on and in their community (Ballard, Robinson,
etal., 2017; Barton & Tan, 2010; Carlone et al., 2015). By engaging in CDS projects,
individuals can develop new interests by trying something new to them. However, more
commonly, individuals join projects for which they already have an interest (Bonney,
Ballard, et al., 2009; Mankowski et al., 2011). There is evidence that, when exposed to
CDS projects within formal spaces, students express increased interest in continuing their
engagement in the project outside of class and even consider pursuing a future career in a

related area (Wallace & Bodzin, 2017). Figure 1 demonstrates how the aspects of science



identity, including performance, competence, recognition, and interest can be accessed by
participants within a CDS project. All of these aspects of science identity occur within a
community of practice where participants are engaging with one another, scientists, and
instructors.

Figure 1
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Community driven science has emerged as a way to engage participants in

Significance of the Study

learning about science content and skills while giving them a deeper understanding of
what it means to do science and identify as someone who does science (Bonney, Ballard,
et al., 2009; Phillips et al., 2019). Most studies investigating participant experiences and
outcomes from engaging in CDS projects focus on informal science environments

(Bonney et al., 2016; Phillips et al., 2018). Recently, empirical research on the



incorporation of CDS in formal educational spaces have been published. However, these
studies either focus on the logistics of implementing this type of a project or on the
content knowledge or science skills gained by students (Fujiwara et al., 2019; Kermish-
Allen et al., 2019; Schneiderhan-Opel & Bogner, 2020). | am interested in learning more
about student experiences with regard to their participation in a CDS project in a formal
environment and whether these experiences influence their own identity development
with science. This study can provide more awareness of the differences in participant
outcomes and experiences across informal and formal settings and may be of interest to
practitioners who are seeking to incorporate CDS within their classroom setting.

This study will also be of interest to teacher educators who are concerned with
giving preservice teachers opportunities to form their myriad identities in their
undergraduate experience. Preservice science teachers’ identities are developing
throughout the course of their teacher preparation program (Luehmann, 2007). There has
been a focus on studying preservice teachers’ evolving professional identities in recent
years and the research has provided guidance for teacher preparation programs in how to
better foster these identities (Chung-Parsons & Bailey, 2019; Luehmann, 2007; Tillotson
& Young, 2013). Less is known about supporting preservice science teachers’ evolving
disciplinary identities (Avraamidou, 2019). How a science teacher views themselves in
relation to science is important as it can influence what occurs within their future
classroom (Helms, 1998). Engagement in a CDS project has been demonstrated to effect
behavioral changes in participants (Phillips et al., 2018) and may be an ideal venue to
study identity shifts in participants (Ballard et al., 2018). This study adds to the literature

on developing secondary science preservice teachers’ science identities and offers



insights into how preservice teacher preparation programs might better foster these

disciplinary identities.
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Chapter 2: Review of the Literature
In this chapter, I explore the literature | five main areas: 1) science identity, 2)
why science identity is a useful construct, 3) community driven science, 4) participant
experiences and outcomes within community driven science, and 5) the intersection of

preservice teachers’ science identity development and community driven science.

Science Identity

Identity is a powerful and multifaceted construct. It has been defined by scholars
as: “being recognized as a certain kind of person” (Gee, 2000, p. 99), how individuals
present and represent themselves in social spaces (Holland et al., 1998), and becoming a
kind of person within a community of practice (Lave & Wenger, 1991). Within
educational research an individual’s identity with respect to the social, historical, and
cultural realms is important (Carlone & Johnson, 2007; Holland et al., 1998; Lave &
Wenger, 1991). Since identity is situated in sociocultural norms, the construct of identity
allows researchers to consider the individual as part of, and connected to the world (Gee,
2000).

Identity is partly utilized in educational research because of its connectedness to
learning. Learning and a sense of identity are inseparable and are aspects of the same
phenomena because learning implies becoming a different person (Lave & Wenger,
1991). Although educational researchers approach the construct of identity with nuanced
perspectives, there are some key characteristics that are shared including the idea that
identity is not fixed, identity is both individually and socially constructed, and identity is

multifaceted, individuals possess multiple sub-identities.
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Identity with respect to science, or science identity, references how one sees
themselves and is recognized by others as someone who understands, uses, and does
science (Ballard et al., 2018). It is important to note that all individuals have the potential
to develop a science identity (A. Kim & Sinatra, 2018) and that a science identity does
not necessarily mean an individual will become or is a scientist as there are many ways
that people identify with science (Ballard, 2019). Kim and Sinatra (2018) point out that a
person who feels comfortable with science can reason like a scientist and utilize this
scientific thinking in their future career and in day to day life. In line with the
characteristics of the identity construct, a science identity is fluid, develops over time, is
both individually and socially constructed, and is a sub-identity. Carlone and Johnson
(2007) share a model to describe science identity which includes three dimensions:
competence, performance, and recognition. These three dimensions are mitigated and
influenced by sociocultural constructs as well as an individuals’ other identities such as
race, gender, and ethnicity (Carlone & Johnson, 2007). Science identity involves
individual aspects such as competence, interest, and agency as well as social aspects such
as how individuals are seen and recognized by others.

Within the science identity literature, researchers investigate related individual
aspects such as competence, interest, and agency. Hazari (2010), in her studies of
students’ identities with respect to physics, notes the importance of an individual’s
interest in the subject along with how competent they feel they are in the subject as
important predictors of a person’s identity with respect to physics. Eccles (2019) explains
that how a person answers a question such as “Are you a science person?” can summarize

many underlying complex psychological processes such as motivation and interest. When
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quantitatively measuring an individual’s science, technology, engineering, and
mathematics (STEM) identity, questions about a person’s interest, excitement for, and
enjoyment of the topics are utilized (Dou et al., 2019). Barton and Tan (2010) focus on
how agency and identity are related in their study of low-income urban youth
participation in a science club. They highlight how the youth utilize agency by how they
accept, engage, resist, or ignore the expected roles they are given (Barton & Tan, 2010).
Disciplinary agency, how an individual takes up the science practices and uses them in
their lives, is also something to take into account with regards to an individual’s
developing science identity (Carlone, 2019). How an individual thinks about themselves
and makes meaning of their science experiences combined with how society structures
those possible meanings work in tandem to form a science identity (Carlone & Johnson,
2007).

A science identity includes not only what a person thinks about themselves but
how they are recognized by others in the science setting. Within a physics classroom,
how individuals recognize themselves is mitigated by their teacher’s practices, the
classroom environment can affect the development of a science identity (Hazari et al.,
2010). An individuals’ identity with respect to science depends on their circumstances
and is fragile, however it can be strengthened with practice and as an individual is
recognized by others as a science person (Carlone & Johnson, 2007). Being recognized
by others is important in developing and maintaining a positive science identity (Barton
et al., 2013; Carlone & Johnson, 2007; Wang et al., 2018). Science identity is also
situated and contextual; the community one is in and how you feel that you belong or do

not belong can influence your identity (A. Kim et al., 2018). Science is a distinct world or
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community with its own language, norms, and expectations. When referencing the
development of a science identity, the community of practice and all that entails from the
power relations to the conditions of legitimacy need to be considered (Lave & Wenger,
1991).

When individuals experience being an active participant in a scientific community
of practice their science identity can be strengthened (Barton & Tan, 2010; Carlone et al.,
2015; Horne & Bell, 2017). These experiences are essential to all students as scientific
understanding is inherently valuable, helps us understand our world, and allows for
individuals to be a part of a high-status community (Johnson, 2012). How an individual
sees themselves and is recognized by others as someone who understands, uses, and does
science can fluctuate throughout their lifetime and can be strengthened or curtailed by
experiences.

Why Utilize the Science Identity Construct?

Identity is a powerful lens to study science teaching and learning in both formal
and informal settings for individuals of all ages (Ballard et al., 2018). Within science
education it is important for learners to develop an identity with respect to science along
with learning content and practices (Council, 2009; National Research Council, 2012).
By employing the science identity construct, researchers can better understand retention
in science fields and coursework, pedagogical and classroom characteristics that can
support the development of a science identity, equitable student learning within science
spaces, and the tensions involved as students navigate

Identity is a theoretical framework that can provide a good understanding about

how individuals make choices and can be predictive of future success (Hazari, 2019).
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Researchers have found this to be true for various age groups in their studies. In their
quantitative investigation concerning whether having a STEM identity predicted STEM
career intentions, Dou et al. (2019) found a significant relationship between a positive
STEM identity and desiring a STEM career. Some specific early childhood experiences
that contributed to the participants’ positive STEM identities included talking with family
and friends about science and reading or watching fiction and nonfiction science media
(Dou et al., 2019). Having a positive physics identity in high school was found to
strongly predict a student’s choice of their future career (Hazari et al., 2010). College
students who engaged in meaningful explorations of their chosen STEM career early in
their coursework were more likely to persist in their major (Perez et al., 2014). Having a
science identity is also predictive of future success in science courses. In their study of
freshmen in an introductory biology course, Chen et al. (2020) found that students,
especially from minority groups, who possessed a positive science identity earned higher
grades. Individuals who develop a positive science identity not only engage in science
topics more often and more deeply, they also are more likely to choose a science track as
an educational and career choice (Bell et al., 2018).

Utilizing the science identity construct can help researchers identify specific
pedagogical and classroom characteristics that support the development of an individuals’
science identity. Hazari et al. (2010) share five factors that high school physics teachers
can include in their classrooms to positively influence their students’ physics identities.
Teachers should base their teaching on conceptual understanding of the content, include
numerous lab experiences that connect to their students’ beliefs about the world, spark

discussions on current science topics, explicitly share the benefits of becoming a scientist
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with their students, and encourage their students to take additional science classes (Hazari
et al., 2010). Including memorable episodes such as telling stories that relate the content
to students’ lives and providing thought provoking and exciting demonstrations can also
contribute to the development of a positive physics identity for female high school
students (Wang et al., 2018). Teachers can also refer to their students as scientists and
position them in the role of scientists and problem solvers (A. Kim et al., 2018) to
encourage science identity formation. Bell et al. (2017) make the case for teachers to
include identity work as a student learning objective in their classes. They advocate for
students to perform science investigations that “may highlight new roles for citizens in
exploring and informing science-related problem(s) facing their community” (Bell et al.,
2017, p. 368). When students perform these roles it is important for teachers to provide
support and encouragement, reminding the students that it is okay to not have the right
answers but to be comfortable with the uncertainty within scientific investigations (M.
Kim, 2018). Creating a science learning environment that welcomes and engages all
students is another way to positively foster a science identity in students (A. Kim &
Sinatra, 2018).
Description of Community Driven Science

Community driven science (CDS) projects are described using varied terminology
and have evolved over time. Additionally, the boundaries of these types of projects are
not clearly delineated and can vary widely in their methods of participant engagement,
timelines of projects, and in content researched. A general definition of CDS involves
volunteers from the public partnering with scientists to conduct research that answers real

world questions (Bonney, Ballard, et al., 2009). Community driven science projects share
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some common characteristics; they actively engage non-scientist participants with data,
they incorporate a systematic approach to producing reliable knowledge and they help
advance science while providing some benefit to participants (Ballard et al., 2018). With
the international growth of CDS and the rise in scholarly publications focusing on CDS
or utilizing data obtained through CDS projects (R. Jordan et al., 2015), there are calls for
a formal definition and a minimum set of criteria to be established in order to ensure high
quality projects, public support and trust in the process, and scientific integrity (Eitzel et
al., 2017; Heigl et al., 2019).

Just as the boundaries and definition of CDS are ambiguous, there are also
multiple terms in use to describe when non-scientists participate in scientific research.
Public participation in scientific research (PPSR), explained by a key group of CDS
researchers (Shirk et al., 2012), is a term that has not gained traction yet includes a
variety of aspects of CDS such as participatory action research, community-based
research, and volunteered geographic information and crowdsourcing. In the United
States, the term citizen science is used to describe when non-scientists participate in
research projects. Another term used in the United States to convey a similar meaning is
crowdsourcing (Wiggins & Crowston, 2011), where crowdsourcing references the call for
volunteers to participate in data gathering or analysis over large areas, large numbers, or
over long periods of time. Other countries use the term citizen science as an umbrella
term for the myriad ways that non-scientists engage in research (European Citizen
Science Association (ECSA) — Engage with Us, n.d.). In this paper, | utilize the term

community driven science (CDS) to refer to projects “in which members of the public
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collaborate with professional scientists on scientific research and monitoring in either
scientist-let or community-led endeavors” (Ballard, Robinson, et al., 2017, p. 1).

Within the sciences there is a long tradition of observation, data collection, and
discovery by non-scientists with some amateurs contributing greatly to the field (Noe et
al., 2019). There has also been an indefinite boundary between modes of participation in
the research process (Star & Griesemer, 1989). Some early large scale participatory
science projects include the Science in the Making series broadcast on the BBC during
the early 1930s (Jones, 2020) and the Christmas Bird Count which began in 1900 as an
alternative to the traditional Christmas hunt (Silvertown, 2009). Amateurs and volunteers
continue to participate in scientific research, engaging in national and international
projects whose findings are increasingly being published in respected journals (Bonney,
et al., 2009).

Today opportunities for public participation in scientific research have expanded
considerably with much of the growth attributed to advances in technology which allows
for more people to learn about, access, and participate in projects they might be
passionate about (Bonney et al., 2014). Individuals can access hundreds of projects
through websites such as SciStarter.org and Zooniverse.org and can begin participating in
a CDS project immediately. The SciStarter platform is supported by the National Science
Foundation and Arizona State University’s Center for Engagement and Training in
Science and Society and has a mission to connect citizen scientists worldwide with
potential projects (Arizona State University, n.d.). This platform currently offers over
3,000 searchable projects and have almost 100,000 registered users (Arizona State

University, n.d.). While many projects featured on SciStarter involve individuals in the
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data collection, the projects featured on the Zooniverse platform involve individuals in
the analysis of data. For example, an individual who is participating in the Beluga Bits
project will look at pictures and categorize them in various ways such as listing how
many whales are in the picture and noting if any have distinguishing marks (Zooniverse,
n.d.). These types of data-processing projects done via Zooniverse have helped create
over 50 peer reviewed articles and book chapters (Bonney et al., 2014).

Throughout its evolution, community driven science has assisted researchers in
advancing scientific knowledge (Bonney, Ballard, et al., 2009) and articles focused on
CDS projects appear in a variety of respected journals such as Science, Nature, and
Bioscience (Bonney et al., 2016). Historically, many of the CDS projects to date have an
environmental or conservation science focus (Shirk et al., 2012), however, CDS projects
exist within numerous content areas including astronomy (Price & Lee, 2013), geology
(Lee et al., 2020), computer science (Hand, 2010), and more. Data from CDS projects can
help largescale and more geographically focused research. For example, project
participants have collected data that have been used to help communities understand and
mitigate weather related risks such as flooding (Paul et al., 2018; Starkey et al., 2017),
and geohazards such as earthquakes and volcanoes (Lee et al., 2020). As CDS projects
continue to grow in number and in participants, and as scientists take into consideration
the protocols and training needed for accurate data collection from participants, more
studies will be published utilizing data gathered in this manner (Bonney et al., 2014).

While individuals have been participating in CDS projects in informal spaces for
decades (Bonney, Ballard, et al., 2009), its use in more formal, science educational

spaces, is more recent (Kermish-Allen et al., 2019). Although CDS projects are not
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specifically mentioned in the Next Generation Science Standards (NGSS Lead States,
2013) which detail what K-12 students should know and be able to do, many of the
processes incorporated in these types of projects align with the Science and Engineering
Practices in the standards such as obtaining, evaluating, and communicating information
and analyzing and interpreting data (National Academies of Sciences, Engineering, and
Medicine, 2018). Jenkins (2011) argues that CDS should be included in all levels of
science education because of its authentic and hands-on nature; participation in a CDS
project makes the science more relevant to learners. Currently the incorporation of CDS
projects into formal educational spaces is done piecemeal with individual teacher or
researchers adopting projects (Hiller & Kitsantas, 2014; Kermish-Allen et al., 2019;
Wallace & Bodzin, 2017). No widespread efforts to include CDS projects in K-12
science classrooms were identified in the current literature.

Throughout its history in both informal and formal spaces, community driven
science has been lauded as having the potential to democratize science and enable the
public to work with experts to solve local environmental issues (Irwin, 1995). Mahr and
Dickel (2019) argue that CDS projects can produce a democratic co-production of
knowledge and potentially ease our current struggle regarding the mistrust of experts and
science in general. However, they stress that projects need to be designed in such a way
that participants are not involved only as data gatherers in a top-down project. Research
has found that community-led projects such as the West Oakland Environmental
Indicators Project and the Groupo Tortuguero Sea Turtle Monitoring Network have the
potential to strengthen the science-society relationship and include people from all

backgrounds into scientific research (Bonney et al., 2014). Additionally, participants in
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CDS projects relate that they feel more confident in engaging in their local politics with
many indicating a desire to participate in local decision making (Bonney, Cooper, et al.,
2009). With the rise in CDS projects online and the changing way we collect and share
data, more participants can interact virtually with peers and scientists (Delfanti, 2010).
There are different models of CDS projects and, while there has been large growth in the
number of participants in CDS projects (Bonney et al., 2016), not all of them might
contribute towards the democratization of science equally (Mahr & Dickel, 2019).
Although there are not large scale surveys to capture the demographics of CDS
participants, some studies do include these data in their projects. In Raddick et al.’s
(2010) study on participant engagement with the Galaxy Zoo project, they reported that
the bulk of participants were predominantly white males with some college attendance.
While this is only one study, it is important to consider who is participating in CDS
projects for the idea of democratization of science to come into focus.
Participant Experiences and Outcomes Within Community Driven Science Projects
Community driven science can support and extend participants’ learning in
science (National Academies of Sciences, Engineering, and Medicine, 2018) and engage
them in hours of volunteer work sometimes over many years (Henden, 2011). These
types of projects offer unique avenues in science learning because they are authentic,
data-driven, engage participants’ prior knowledge and interests, and can be a social
activity (National Academies of Sciences, Engineering, and Medicine, 2018). The CAISE
Public Participation in Scientific Research Inquiry Group noted in their meta-analysis

that all of the projects they examined showed evidence that participants gained



22

“awareness, knowledge, and/or understanding of key scientific concepts related to the
study at hand” (2009, p. 44).

Studies show that participants gain content knowledge as they take part in CDS
projects (Bonney et al., 2016; Brossard et al., 2005; T. Phillips et al., 2019; Sickler et al.,
2014) however Bonney et al. (2016) note that it is difficult to measure participant
learning and many CDS projects do not have evaluators to assess this. When researchers
investigate specific CDS projects for participant learning, they can find evidence for it;
for example, adult participants in The Birdhouse Network Project showed significant
content gains with respect to bird biology (Brossard et al., 2005). Additionally, in their
study of participants in The Lost Ladybug Project, Sickler et al. (2014) found content
gains in a host of areas related to ladybug biology. Interestingly, Price and Lee (2013)
found participants in their study rated themselves as less knowledgeable after
participating than when they began involvement in the astronomical project. The authors
attribute this to participants gaining a greater appreciation of what they have yet to learn
after participating (Price & Lee, 2013). Noting the difficulty in measuring participant
outcomes, Phillips et al. (2018) have presented a framework based on past literature and
empirical data to describe and measure learning outcomes which include content
knowledge, interest in, and attitude towards the content, behavioral changes, and an
increase in science inquiry skills.

In addition to gaining content knowledge, participants in CDS projects can
develop science investigative skills such as data collection, analysis, and interpreting data
and can also increase their understanding of science processes in general (Bonney,

Ballard, et al., 2009). Ballard et al. (2017) found youth participants involved in two
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environmental CDS projects not only learned data collection techniques but could explain
why it was important to maintain a high level of data quality in scientific investigations.
Interviews with participants in CDS projects in conjunction with the US Forest Service
provide evidence that participants could effectively explain how they used specific
investigatory steps to design and implement their research and participants could discuss
how they used their field observations to form their analysis (Pitt et al., 2019).
Elementary students who participated in the co-created CDS project WeatherBlur with
their classmates showed more expertise in interpreting graphs which is a key science skill
difficult for many students (Kermish-Allen et al., 2019). When CDS projects are
undertaken in cooperation with classroom teachers, the teachers can also sow an increase
in their understanding about science processes and the nature of science (Scheuch et al.,
2018). Jordan et al. (2011) caution that implementers of CDS projects consider the
amount of time participants get to spend actively taking part in and reflecting on their use
of the science investigative skills and the nature of science in general as they found no
change in understanding despite participants’ receiving instruction in these areas in the
project they studied. While more research is needed in understanding the role that CDS
projects have in supporting participants’ understanding of the nature of science and their
ability to effectively develop their science investigative skills, it is clear that these types
of projects can combine the learning of science content with science skills (National
Academies of Sciences, Engineering, and Medicine, 2018).

While participating in a CDS project, a participant might change their behavior by
collecting data or engaging in another aspect of the science investigative process. Studies

investigating changes in behavior focused on participants’ behavior outside the scope of
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the project such as adopting conservation practices (Ballard, Robinson, et al., 2017) or
sharing their knowledge with others outside of the project (Scott, 2016). Toomey and
Domroese (2013) found their participants not only increased their appreciation of bees
after participating in The Great Pollinator Project but they also made adaptations to their
own gardens to include more pollinator friendly plants and shared that they talked to
others about doing so. Pitt et al. (2019)also found participants in their environmentally
focused CDS projects changes their personal behavior such as adopting leave-no-trace
habits in the wilderness. The authors note however that these types of behavioral changes
were not seen in participants in all projects and posited it might reflect on the projects’
objectives and designs (Pitt et al., 2019). In addition to these environmentally focused
informal CDS projects, preservice teachers participating in The Turtle Project as part of
their science methods course showed evidence of sharing their newfound knowledge with
others and expressed an increased desire to teach about environmental issues in their
future classrooms (Scott, 2016). The research investigating changes in participant
behavior is primarily focused in environmental CDS projects.

Self-efficacy with respect to CDS describes “the extent to which a learner has
confidence in his or her ability to participate in science or to successfully perform
stewardship behaviors” (Phillips et al., 2014, p. 14). Increasing participant self-efficacy
can include having more confidence in telling others about their project (Toomey &
Domroese, 2013) and feeling more confident in their scientific observation skills (Hiller
& Kitsantas, 2014). Participants in The Global Community Monitor, in which
participants collect air samples to test pollution levels, described higher levels of self-

efficacy than participants in other projects which could be due to their efforts being local
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and of personal importance to participants (Phillips et al., 2019). Researchers also
investigate participants’ agency with respect to CDS projects (Ballard, Robinson, et al.,
2017; Carlone et al., 2015). Ballard et al. (2017) noted their participants’ increase in
agency, specifically environmental science agency, was related to the degree they felt
they were doing or contributing towards real science. Pitt et al. (2019) also found their
participants who reported an increase in stewardship behaviors described an ownership or
connection to the data they collected. By seeing the importance and value of what they
are doing, participants may feel an increase in their self-efficacy and concern for the
environment.

The bulk of current research on learning within CDS projects focus on the
informal spaces (Bonney et al., 2016) however, more empirical studies on learning from
CDS projects in formal educational spaces have been published recently (Fujiwara et al.,
2019; Kermish-Allen et al., 2019; Schneiderhan-Opel & Bogner, 2020; Williams et al.,
2021). Formal educational spaces have to take into consideration curriculum and
standards which is a constraint that informal spaces do not necessarily have. Teachers can
find this difficult and time consuming to do on their own; successful projects are those
that provide support and training for educators (Bonney et al., 2016; Gray et al., 2012).
One model of how this can be done is demonstrated in Schneiderhan-Opel and Bogner’s
(2020) study where high school students participating in The Future Forest Project
collected soil samples then participated in a classroom module which was already created
and followed their curriculum. Another example of how CDS can be incorporated within
formal education is the Global Watershed Project which was designed by teachers with

the explicit goal of incorporating CDS within Advanced Placement Environmental



26

Science curricula (Fujiwara et al., 2019). Student learning of content knowledge has been
found within formal spaces (Bonney et al., 2016; Kermish-Allen et al., 2019) as well as
student gains in scientific investigative skills and understanding of the nature of science
(Bonney et al., 2016; Paige et al., 2012; Scott, 2016). With regards to student
understanding of the nature of science, Scheuch et al. (2018) recommend teachers involve
students in more than simply data gathering as they found students had difficulty
understanding the entirety of the science investigative process. By incorporating CDS
into formal educational spaces, students who might not already have an interest in science

have an opportunity to engage in an authentic scientific project.

Science ldentity in Preservice Teachers in Relation to Community Driven Science
Preservice science teachers are in a state of transition from student to professional
and their identities are developing throughout their journey in their teacher preparation
program (Luehmann, 2007). Identity development occurs as an individual progresses
from novice to expert in a community of practice (Lave & Wenger, 1991). The construct
of identity is helpful in studying preservice teachers’ progress in a teacher preparation
program as they are embedded within a new community of practice, learning the norms,
actions, and language of the group and this construct allows researchers to better
understand the tensions involved in this transformation. Research shows preservice
teachers’ experiences in their programs can positively or negatively affect their evolving
identities (Carrier et al., 2017; Henry, 2016; Molander & Hamza, 2018; Tillotson &
Young, 2013). Teacher preparation programs tasked with preparing content-specific
teachers should build in supports to allow these preservice teachers to specifically reflect

on and consider their disciplinary identity (Chung-Parsons & Bailey, 2019).
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There is a connection between learning and identity development when
participating in authentic science experiences (Council, 2009). Community driven
science may be an ideal space to study the construct of science identity because it
provides participants opportunities for real practice, community or group involvement,
and the taking up and enacting of roles (Ballard et al., 2018). Community driven science
encourages participants to “think about themselves as science learners and develop an
identity as someone who knows about, uses, and sometimes contributes to science”
(Council, 2009, p. ES3). Access is key to becoming a participant in a community of
practice and this is tied to learning (Lave & Wenger, 1991).

Within CDS projects, participants are given this access as they work with others
to answer research questions. Community driven science projects can involve groups of
people working together and with professionals on a project of local concern (Crall et al.,
2013). This social atmosphere is an important attribute of CDS projects. Participants in
an astronomy CDS project cited working within an online community and the friendly
and interactive nature of the scientists as a main motivating factor for continuing to
participate in the project (Mankowski et al., 2011). In addition to being a part of a social
community, participants involved in CDS projects are engaging in scientific practices and
using scientific tools either virtually, as in the Galaxy Zoo project (Mankowski et al.,
2011), or in-person as in the Coastal Observation and Seabird Survey Team Project (He
et al., 2019). Preservice teachers are embedded within a community of practice, their
teacher preparation program, already. By using the tools, practices, and norms of

professional science within this community of practice, participants get opportunities to
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extend their learning and understanding as well as try on new roles and identities (Ballard
etal., 2018).

While there are a growing number of studies investigating participants’ science
identity development within CDS projects (Ballard et al., 2018), the field is still small.
Most of the studies look to informal spaces involving youth participants (Ballard,
Robinson, et al., 2017; Barton & Tan, 2010; Carlone et al., 2015) while research into

formal science educational spaces is limited.

Conclusion

Educational researchers have described identity as being fluid, multi-faceted and
both individually and socially constructed (Carlone & Johnson, 2007; Gee, 2000; Holland
etal., 1998; Lave & Wenger, 1991). Preservice science teachers enter their teacher
preparation program with their own sense of self based on past experiences, interests, and
their identities in relation to social, historical and cultural expectations. The experiences
they have within their teacher preparation program can influence their evolving identities
(Avraamidou, 2014; Luehmann, 2007), one of which is their science or disciplinary
identity. A science teacher who exhibits a strong and positive science identity sees
themselves and is recognized by others as someone who understands, uses, and does
science (Ballard et al., 2018). This is important as science teachers with strong science
identities are able to better leverage the cultural tools of science within their classroom
and model science practices for their students (Chung-Parsons & Bailey, 2019).

Research suggests that participation in authentic science experiences such as CDS
projects can positively impact science learning and enhance an individual’s science

identity (Ballard et al., 2018; Bonney et al., 2016; Phillips et al., 2019). The bulk of this
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research focuses on informal science spaces where individuals participate voluntarily.
The small but growing field of research investigating participant outcomes with CDS
within formal science education also shows positive trends such as science learning,
engagement, and identity support (Fujiwara et al., 2019; Kermish-Allen et al., 2019;

Wallace & Bodzin, 2017).
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Chapter 3: Methodology

The purpose of this study was to investigate how participants reflect on their
experiences with a community driven science (CDS) project conducted in a formal
educational space and to learn whether, and if so, how their experiences influence their
science identity. Specifically, my research questions include:

1. How do secondary science preservice teachers describe their experiences with

a community driven science project as part of a university course?

2. Does participating in a community driven science project as part of a
university course influence how secondary science preservice teachers
perceive their own science identity?

3. How does participation in a community driven science project as part of a
university course influence secondary science preservice teachers’ science
identity development?

These questions were organized from a general to a more specific focus. To
answer the first question, I used two data sources. The primary data source consisted of
semi-structured interviews with participants. Questions in the interview included probes
to elicit participant reflections of their experiences in addition to probes designed to
discover which aspects of their engagement with the CDS project may have influenced
their science identity. Course assignments were a secondary data source. These included
written and recorded reflection assignments and online discussions. To answer research
question two, | administered a pre- and post-survey to participants incorporating

questions designed and validated to measure science identity. To answer research



31

question three, I utilized all three data sources, the semi-structured interview, course
assignment, and survey data.
Participants and Context

Participants in this study are secondary science preservice teachers enrolled in a
Research Methods course as part of their teacher preparation program. They all attend a
four-year public university in a Western state. Purposeful sampling was done to gain in-
depth and detailed information to answer the research questions and to reach data
saturation (Merriam & Tisdell, 2015). Data, in the form of course assignments and
surveys, were collected from all students as a regular part of the course. Data, in the form
of a semi-structured interview, were collected from students who volunteered to
participate at the conclusion of the course. All secondary science preservice teachers in
the course were invited via email to participate in the semi-structured interview and, out
of thirteen students, seven volunteered to be interviewed.

The undergraduate teacher preparation program these participants are enrolled in
is a dual degree program; students earn a bachelor’s degree in s science or mathematics
content area as well as a bachelor’s degree in secondary education. This program
emphasizes early and frequent classroom teaching experiences as well as encourages and
supports research and outside teaching experiences within students’ content areas.
Students in this research methods course are in their junior or senior year of the program
and have had, on average, three separate classroom practicum experiences and multiple
courses in educational theory in addition to their content courses.

Research methods is a required course for most students enrolled in this pre-

service teacher program. Because of the diversity of content majors in the course (e.g.
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mathematics, agriculture science, environmental science, and chemistry), students enter
with a range of accumulated content knowledge and skills. Specifically, some students
have had numerous opportunities to engage in scientific investigations, such as laboratory
coursework and research experiences with university faculty, while others may not have
had any formal or course driven research experiences.

The overarching learning goal of this course is for students to recognize and
experience and how scientists develop new knowledge and insights. Students utilize the
tools that scientists use to solve problems, have opportunities to interact with one another
as scientists do for example, collaborating on project and the peer review process, and
gain practice in writing, reviewing, and presenting scientific papers. Additionally,
students gain introductory research related experience in mathematical and scientific
modeling and using statistics appropriately.

Throughout the semester, students have four varied opportunities to engage in
research. Their first step into research is a brief at-home individual inquiry-assignment
designed to introduce students to the concept of creating and testing their own research
question. This first inquiry-assignment allows for instructors to formatively assess
students’ prior knowledge and experience with the research process. The second research
experience was a small group CDS project that will be discussed in detail later in this
chapter. Next, students gain practice in utilizing statistics in research by conducting a
survey with a peer in class. Finally, students conduct an independent research project in
their content area with mentorship support from an instructor or other university faculty

member.
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All participants in this study were assigned pseudonyms and their identifying
characteristics were removed in order to protect their identity. Because | was
investigating the experiences and science identities of secondary science preservice
teachers | focus my study on these students in the course. The mathematics students
participated in all aspects of the course, including the pre- and post-surveys, however, |
do not include their data in this study. Table 1 gives brief background information on
each participant.

Table 1

Participant Background Information

Name Gender Race/Ethnicity Year in Content area major
school
Mackenzie F White 4 Biology
Erica F Hispanic 3 Biology
Sarah F White 5 Biology
Landon M White 4 Biology
William M Mixed Race, 5 Environmental
Asian/White Science
Charlotte F White 4 Environmental
Science
Ava F White 4 Agriculture Science

Community Driven Science Project

The second inquiry briefly identified above was the focal point or case of this
study. For this project, students were put into groups of four or five members to work
collaboratively over the course of ten weeks, engaging with the animal and plant
monitoring program, Nature’s Notebook. This national program is a platform that anyone
can use to help gather information on plant and animal life cycle stages, such as leafing

and flowering and migration patterns, to help scientists better understand the relationship
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of these life cycle stages to weather and climate (The Local Phenology Program Guide:
An Experiential Education Tool for Site-Based Community Engagement, 2018).

This was the first time a shared CDS project had been incorporated into the
second inquiry for this course. Instructors adapted the course in a variety of ways due to
the altered requirements for teaching stemming from the pandemic. This type of CDS
project can be incorporated into both in-person, hybrid, and remote styles of teaching.
Nature’s Notebook as a CDS project was chosen specifically because phenology, the
study of recurring plant and animal life cycle stages, is related to climate change which,
as a co-instructor of the course for the past four years, | have noticed, is of interest to
most students regardless of their content major. Additionally, this national program has
extensive resources for educators including data sets, lesson plans, and professional
development opportunities and resources (USA/NPN, n.d.).

Over the course of the ten-week assignment period, students engaged with
Nature’s Notebook to achieve the learning goals of the course. Groups decided on a
research question, crafted methods for data collection, and shared responsibility for
creating and presenting a poster of their work. Groups were created by the instructors of
the class and students’ content majors and past research experiences were considered in
order to create heterogeneous groups. For example, groups had a mixture of content
majors and a mixture of students with varying backgrounds in research. The project
kicked off with a field trip to a local nature study area where students were introduced to
using the Nature’s Notebook app to collect data on local plants and animals. Data were
subsequently collected to answer group research questions locally either on campus or at

a nearby park over multiple weeks during the fall semester.
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Research Design

This study employed a multi-methods case study design (Green et al., 2006;
Merriam, 1998; Yin, 2018). The goals for this study were to investigate how secondary
science preservice teachers experienced participation in a CDS project in a formal
educational space and to learn whether and how their experiences influenced participants’
science identities. Case study is an appropriate and effective design for this research
because it allows for the incorporation of data from multiple sources to better understand
the meanings participants make of their experiences within a social process such as a
university course (Merriam, 1998; Yin, 2018). | drew from both Merriam (1998) and Yin
(2018) for guidance on planning and designing the study as well as collecting and
analyzing data however, as an emerging researcher, | connect more towards Merriam’s
philosophical and epistemological stances. | approached this study with the premise that
“reality is not an objective entity; rather, there are multiple interpretations of reality”
(Merriam, 1998, p. 22). The participants in this study are making meaning of their
experiences and I, as the researcher, am attempting to attach meaning to their
interpretations.

Case studies focus on a phenomenon and are bounded by a specific integrated
system (Merriam, 1998). This study was delineated by time and process; | focused on the
ten-week long CDS project participants engaged with and collected data from multiple
sources to gather rich, thick descriptions in order to better understand the phenomenon
(Merriam, 1998). This research design fits a multi-methods case study approach where
each participant is a case (Yin, 2018). A strength of this design is that, with multiple

cases studied, the researcher may be able to find patterns in results (Yin, 2018). Although
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the boundaries between types of case studies can be blurred, this study most closely fits
with the exploratory case study type as it investigated a process over a period of time.
Data Collection

Because of the complexity of the phenomenon under study and the nature of my
research questions, | utilized a multi-methods approach (Green et al., 2006). Every
methodology “has inherent deficiencies and fails to capture the chaos, complexity, and
contextuality of applied fields such as education” (Green et al., 2006, p. 458). To gather
data to answer my research questions | employed both qualitative and quantitative means.
To attempt to capture the chaos, complexity, and contextuality of this particular context |
gathered multiple sources of data utilizing different methods. This multi-methodology
approach was utilized because it was a practical for the study purposes and allowed
investigations into all three research questions. Additionally, the quantitative data
collected was analyzed in a more exploratory fashion as fits with the multi-methods
approach (Green et al., 2006).

To view this case in its complexity and entirety, | collected multiple sources of
data as suggested by both Merriam and Yin (Yazan, 2015). Two primary sources of data
include an eleven question pre- and post-survey using Likert type questions to probe
participants’ identity in relation to science and a 30 to 45-minute-long post semi-
structured interview to probe participants’ experiences and thoughts about their
engagement in the CDS project. A secondary source of data consisted of in-class
assignments in the form of written and recorded reflection and discussion prompts. The
semi-structured interview and in-class assignments informed the first research question

while the pre- and post-survey of Likert type questions informed the second research
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question. All data sources were used in the answer and analysis of research question
three.

| designed the semi-structured interview to elicit participants’ thoughts and the
meanings they made from their experiences with the CDS project. Interviews can help in
case study research because they suggest explanations to the why and how of the case
(YYin, 2018). Because this interview was used to answer research questions one and three,
the questions related to my conceptual framework of science identity. Table 2 shows a
sample of the questions | asked, including the conceptual framework components the
questions were designed to attend to and the rationale for each question. The full list of
interview questions can be found in the Appendix C.

Table 2

Sample Interview Questions

Question Rationale Conceptual
framework
component(s)
What were your main tasks  Allows participants to describe Performance and
or jobs during the project?  what they did relative to others in  competence,
their group. Can share their Interest

thoughts on how they “did
science”. Can see if certain
aspects of the project appealed to
them for particular reasons.

Did you experience any Showcases participants’ level of  Performance and
challenges while doing this  skills and content knowledge and  competence
project? If so, how, or did, how they might have changed

you overcome them? based on this project.
What aspects of this project  Allows participants to share Interest
did you enjoy? What specific areas such as content or

aspects did you not enjoy?  activities they did or did not
desire to pursue.
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Question Rationale Conceptual
framework
component(s)
Were there parts of the Participants reflect on how they Recognition
project where you felt like ~ experienced the tasks during the
you were doing science project and how that relates to
and/or parts where you felt ~ how they felt about themselves
others viewed you as a related to science and how they
scientist? considered others seeing them as
a scientist.

In addition to including questions to elicit participant experiences, prior to each interview
I examined the participants’ pre- and post-surveys in order to customize specific
questions for them. For example, if a participant evidenced a drop of three points on a
particular survey question, I would inquire as to why they think they rated themselves
lower on the follow up survey. This allowed me to utilize the survey for both research
questions two and three. | also examined participants’ in-class assignments prior to the
interview to use them as a stimulus to prompt their memory of the experience. Interviews
were conducted virtually via Zoom at the conclusion of the course.

The pre- and post-survey Likert style instrument used to collect quantitative data
consisted of questions taken from the Persistence in Research in Science & Engineering
survey (PRIiSE) developed and validated by Hazari et al. (2010). This survey asks
participants questions relating to their demographics, academics, science interests, and
high school science experiences. For my study, | administered select questions from the
section in PRISE relating to science related performance and competence, interest, and
recognition. A sample of questions with the science identity aspect in parenthesis next to
the question can be seen in Table 3 The full survey can be seen in Appendix D.

Table 3
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Sample Survey Questions

Disagree Agree
| am interested in learning 1 2 3 4 5 6
more about science (Interest)
I see myself as a science 1 2 3 4 5 6
person (Recognition)
I am confident that I can 1 2 3 4 5 6
understand science in class
(Performance and
competence)

All students took the pre-survey prior to beginning the CDS project and the post-survey
in class after completion of the CDS project. Surveys were administered in-person during
class and on paper.

In-class assignments were a secondary source of data collected to help answer
research questions one and three. Assignments consisted of written, electronic, and video
response reflections and discussion prompts. For example, students were asked to
contribute to an online class discussion with the prompt, “Now that you have had
opportunities to learn more about phenology and have had practice identifying species
and phenophases, how confident do you feel in your ability to collect data as part of a
CDS project?” Student responses were used by the co-instructors as formative assessment
and, for this study, as a way to understand participant experiences and thoughts on their
overall performance and competence during the project. A complete list of all
assignments related to this CDS project along with a brief description and learning goals
can be found in Appendix E.

Data Analysis
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Data analysis consisted of within-case analysis and cross case analysis (Merriam,
1998) with some of the analysis taking place during the course of the CDS project and the
bulk of analysis occurring after the conclusion of the semester once the semi-structured
interviews were complete. Merriam states, “A qualitative design is emergent. The
researcher usually does not know ahead of time every person who might be interviewed,
all the questions that might be asked, or where to look next unless data are analyzed as
they are being collected.” (1998, p. 155). This study follows these guidelines; as a co-
instructor for this course, | was able to begin to analyze the in-class assignment data
during the study and this analysis prompted some additions and changes to the questions
asked in the post semi-structured interview. Additionally, because | could not know
which students would volunteer to be participants and engage with the semi-structured
interview all science students’ in-class data were reviewed.

The first step in the data analysis process was to organize and refine data sources.
For all in-class assignments, | scanned paper documents and saved them to a password
protected computer file. The pre- and post- Likert style surveys were also scanned and
saved to a file. | entered the numeric data into an excel spreadsheet and organized data by
participant, question, and scientific identity aspect in order to easily compare data from
pre- and post-surveys. Semi-structured interviews occurred virtually via Zoom. This
platform allowed me to record interviews as well as create a written transcript. Each
transcript was carefully checked and the video recording was consulted to ensure
accuracy.

Once data were organized and refined I followed a combination of Merriam’s and

Yin’s guidelines for case study analysis. Yin advises researchers to use all evidence
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collected to pursue “any combination of procedures, such as by examining, categorizing,
tabulating, testing, or otherwise recombining (narrative or numeric) evidence” (2018, p.
164). Merriam also encourages researchers to use a variety of approaches, “moving back
and forth between concrete bits of data and abstract concepts, between inductive and
deductive reasoning, between description and interpretation.” (1998, p. 178). My data
analysis was iterative and | consulted with two of my advisors on my interpretations
throughout the process.

To begin to make sense of the semi-structured interview data, | read each
transcript, taking notes on participants’ comments and answers that stood out as
interesting or relevant to my research questions. After making notes directly on the
transcript using the comment feature, | then went back and grouped my notes into
categories that seemed to go together to answer research questions one and three. For
each participant, | created a memo describing and categorizing their experiences with the
CDS project to answer research question one and describing any shifts in or mentions of
aspects of their science identity to answer research question three.

In-class assignments were read during the semester and | made notes of overall
trends that | observed. Because | did not know who my participants were during the
semester, | did not make notes on individuals during that time. Once | knew who my
participants were, | looked back at the compilation of assignments and made notes on
what stood out and was related to answering my research questions. | added my notes
from this data source to the memos I created from the semi-structured interview data

discussed previously.
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To answer research question one, | read through the participant memos where |
described and categorized their experiences. | looked for patterns and made a table of
common experiences shared across participants. | noted the frequency specific
experiences were mentioned and made a table to visualize the categories described. If an
experience was shared by only one participant, | checked to see if it fit within other, more
commonly described experiences and how impactful the experience was to the participant
in deciding whether to include it in my final analysis. | discussed my categories with an
advisor check my own sensemaking.

To answer research question three, |1 wrote detailed memos on each participant,
utilizing my conceptual framework as a lens to note any shifts or lack of shifts in their
science identity. In writing these memos, | used the notes | had made from both the semi-
structured interviews and in-class assignments as well as my descriptive analysis from the
pre- and post-survey data described in the next paragraph. A sample participant memo
can be read in Appendix F. After writing individual memaos for each participant, |
compared across cases, noting trends and any differences between participants. During
this process | shared and discussed my sensemaking in creating these categories with an
advisor as well.

My analysis and interpretation of the pre- and post-survey was descriptive; to
answer research question two | compared the means of participant responses from the
pre- to the post-survey. These data include all science majors’ pre- and post-survey
scores. Although I did collect surveys from all students, | analyzed only the science
content majors’ data. Because | had a small number of participants, | was not analyzing

for statistical significance. Rather, by noting participants’ overall scores relative to each
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other | was able to note how robust their science identity was comparatively within the
population. I also compared individual participants’ pre- and post-survey scores to note
any changes. In addition to noting overall changes in scores, | broke the survey into the
three science identity aspects to investigate if any of these aspects changed more than
others. I compared means from science identity aspects of individual participants’ pre-
and post-surveys as well as compared means from the class’ pre- and post-surveys. |
consulted with an advisor, on my analysis of the survey data.
Trustworthiness

Multiple steps were taken to ensure trustworthiness in this study. These include
triangulation of multiple sources of data including semi-structured interviews, pre- and
post- Likert type surveys, and in-class assignments. These data sources allowed me to
corroborate the same finding among different sources of information (Yin, 2018) and
helped to gather “consistent and dependable data, as well as data that are most congruent
with reality as understood by the participants” (Merriam & Tisdell, 2015, p. 252). When
data were in conflict with one another, for example when a participant stated in a course
assignment they were struggling with their group members yet stated in the interview
they enjoyed the group work aspect of the project, | was able to ask clarifying questions
to understand more about how the participant felt and experienced the CDS project.

Another step taken to ensure trustworthiness included keeping an organized audit
trail of data consisting of transcripts, notes, and memos (Merriam & Tisdell, 2015). These
documents are digitalized and searchable by keywords. Member checking was
accomplished by asking clarifying questions during the interview and checking back with

participants when there was confusion about data. Additionally, | worked with two
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advisors to discuss my findings and check my assumptions. Merriam explains that “the
qualitative study provides the reader with a depiction in enough detail to show that the
author’s conclusion ‘makes sense’” (1998, p. 199). The data I collected allowed for a
rich, thick description of the participants’ meaning making with regards to their
experience in the CDS project.
Ethical Considerations and Positionality

Prior to conducting this study, | sought and gained Institutional Review Board
approval. | used pseudonyms for participants and protected confidentiality by securing all
electronic data in a password protected online storage system. Interview transcripts from
Zoom and participant reflections on the Flipgrid app were downloaded and saved into
this online storage. Student coursework was stored electronically on the course Canvas
page. All paper copies of assignments and surveys were kept in a locked cabinet.

| identify as a cis-gendered, able-bodied, White woman. Students know me as the
co-instructor for this course. Additionally, | have taught some of these students in
previous courses. Due to this privileged positioning, | sought out volunteers for the semi-
structured interview after the completion of the course and all grades were final. All
forms of data collection that occurred during the semester were part of the regular course.

As most researchers do, | came into this study with beliefs, opinions, and biases.
As a secondary science teacher for years, | have experiences with teaching and learning
science that have influenced these beliefs, opinions, and biases. As a researcher, it is
essential to practice reflexivity especially when the researcher is “part of and shares the
experience of the participants” (Berger, 2015, p. 229). As | was one of the co-instructors

of the course, | shared this experience, although not in the same manner, as the
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participants. As such, my actions and decisions during the study may have had an effect
on the results and my familiarity with the topic of the study may have had an impact also
on data collection and analysis. One benefit of this may have been to allow me to be
better able to understand and describe participants perceptions (Berger, 2015). To balance
my familiarity and experience, | considered my positionality and my past experiences
with science teaching and learning and kept these in consideration throughout the study.
Limitations

With the quantitative pre- and post-survey, my goal was to measure any shifts in
participants’ science identities. Although I administered the survey before and after their
engagement with the CDS project, | have no control of other experiences they may have
had during that same time frame. They may have participated in other experiences that
influenced their science identity during this time. For example, the participants are
undergraduate science students and may have been enrolled in other science content or
lab research courses, involved in science related work or volunteering, or other science
experiences.

As a co-instructor for the course and having taught some of the participants in
prior classes, I held a position of power over them. This relationship may have had an
impact of the participants’ sharing of their thoughts and views as they might have shared
only what they thought I would want to hear. As | was aware of this possibility,
repeatedly told participants this was an exploratory study, and | was interested in all

thoughts and experiences.
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Chapter 4: Findings
The purpose of this study was to explore how secondary science preservice
teachers experienced a community driven science (CDS) project as part of a university
course and to explore if and how their participation influenced their science identity. In

this chapter | present the findings for each research question.

Research Question 1

Research question one is a broad, exploratory question | investigated because
there are few studies on student experiences with CDS projects in formal classroom
spaces. Specifically, research question one is:

How do secondary science preservice teachers describe their experiences

with a community driven science project as part of a university course?
To understand and describe how participants experienced a CDS project as part of a
university course, | collected specific assignments throughout the semester and
interviewed participants at the completion of the course. The in-class assignments helped
to detail participants’ thoughts and experiences in real time and the interview allowed me
to probe more deeply into participants’ thoughts and recollections. Some of the
assignments and questions in the interview asked participants to describe their
experiences with the CDS project including the obstacles they came across, the emotional
responses they experienced, and any learning or growth they underwent as part of their
engagement with this project. Participants were also asked to share any other thoughts or
feelings this experience elicited for them.

Despite challenges participants experienced, they share that overall they enjoyed

the CDS project, were interested in specific aspects of it, and learned much about science



47

processes and skills. All participants were successful in their completion of the CDS
project as part of the course and most share that they continue to contribute data to other
CDS platforms and plan to incorporate CDS projects into their future classrooms. In this
section, | will summarize the trends in participant experiences with this CDS project.
Challenges

Challenges participants described include obstacles with working in a group,
technology problems, a lack of time and dedication to the project, and the ambiguity of
the data collection. As seen in Table 4, technology and a lack of time and dedication were
mentioned by more of the participants as being obstacles during the CDS project while
the group work nature of the project and the ambiguity of the data collection were
mentioned slightly less.

Table 4

Challenges Described by Participants

Participants Challenges
Group work Technology Time and Real world
dedication data collection

Ava X X

William X X X

Erica X X

Charlotte X

Mackenzie X

Sarah X X
Landon X X X

The challenges participants describe were, for the most part, overcome with help from
peers and instructors. All participants competed the CDS project successfully.
For this project, students were put into groups of four or five members to work

collaboratively. Groups decided on a research gquestion, crafted methods for data
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collection, and shared responsibility for creating and presenting a poster of their work.
Groups were created by the instructors of the class and students’ content majors and past
research experiences were considered in order to create heterogeneous groups. For
example, groups had a mixture of content majors and a mixture of students with varying
backgrounds in research. Two participants reported experiencing challenges while
working in their groups. Charlotte took on more of a leadership position in her group and
shared how she and another member of the group tried to organize the tasks, “it’s
sometimes challenging to do group work, because I know in our group’s case a couple of
people, myself and another person, we really did a majority of the work.” She expresses
frustration with others in her group who did less during the course of the project, “we
each had the same responsibility as far as collecting data over the course of the six to
eight weeks, which not everybody did, which was a little frustrating.” Landon related that
his group started out working well together, coming up with an exciting research question
and solid data collection strategies, however two of the members were absent for an
extended amount of time towards the end of the project. As a result of this, his group did
not get to analyze their data properly or present their work. He expressed his
understanding of this issue, “everybody was busy this year and trying to meet in person
versus virtually became a challenge.” This challenge made it difficult for him to “really
feel connected to my group and my project.” During the semester he did reach out to his
instructors and successfully completed most of the shared aspects of the project.
Additionally, he completed a substitute assignment in lieu of the poster presentation.
Challenges due to absences and variation in student work input are not new for

instructors of college courses however, the collaborative nature of this CDS project made
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these issues stand out for participants. Conversely, for other participants, the group work
aspect of the project was seen as a positive aspect.

Four participants describe technology issues related to using the Nature’s
Notebook app on their phones. Students were introduced to the app during a class session
and were given time to practice using it. Instructors for the course provided paper copies
of what students would see on the app. Ava recalls the app was “somewhat difficult”,
adding, “I think it’s a little un-user friendly.” William expresses a similar sentiment, “at
first it was a pain in the butt, and then, after using it, | understood how the app works, but
it’s not beginner-user friendly.” While both Ava and William overcame this challenge
with technology, Erica and Sarah struggled with the app throughout the project. While
Sarah shared in one of her in-class reflection assignments she was confident in her ability
to collect scientific data, in the interview she admits, “I’m still confused about that app.”
Erica explains that the app “was just like breaking, it would shut down and I’d have to
wait until later (to upload her data).” This issue caused Erica to have to collect her data in
two ways, on paper while she was at her observation site and then on her computer at
home. She expressed frustration with this situation. While these struggles with
technology may have causes stress and frustration for participants, they did not prohibit
any of them from successfully completing the CDS project.

Two final challenges reported by participants involved data collection. All groups
investigated different research questions, however each groups methodology for
completing the project involved weekly, or more, data collection from specific trees
around the campus or at a neighboring park. Five of the participants described struggles

related to the time and amount of dedication needed to collect weekly data. Erica found it
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difficult “trying to remember” to gather her data on the days that her group chose. She
shares that her semester was busy for her and some weeks she was not able to get to her
tree on the correct days. Mackenzie described feeling stressed by having to collect tree
data in between her classes. Ava would have preferred to observe a tree near her house as
she found that she did not always get to campus the required two times a week for her
groups’ data collection. She thought data collection would be easy however, “sometimes
I only did it once a week since I lived an hour away from campus.” She adds, “that was
the hardest part for me.” William shared that collecting data required a level of
commitment he might not have been prepared for, “you have to make sure you’re
dedicated to go back and check your leaves every week.” He struggled with his
dedication on days when the weather was bad, “sometimes I didn’t want to stop if it was
cold.” Landon also struggled with his dedication to collecting data, his tree was a long
walk away from his other classes and he states that “a big challenge for me was staying
consistent with my data collection.” Responding to an in-class reflection assignment, all
five of these participants reported feeling confident in their ability to collect data however
the time involved in the work was a surprise. Ava shared in her assignment, “it also
revealed how time consuming research is, which is hard for me to keep motivation for an
extended time period.” The amount of outside time involved for students is something for
instructors to keep in mind as CDS project are incorporated into formal science courses.
Another aspect some participants were challenged by was the real world and
ambiguous nature of the data collection. William describes being frustrated by not being
able to observe his tree during the time period when the leaves changed color the most,

“the main challenge was we really didn’t get to see the leaves change color because they
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changed so quickly over those four days.” He expressed that he would have preferred to
observe and record data for a tree on his own property so that he could collect better data.
Both Landon and Sarah recount difficulties deciding on how to collect appropriate and
correct data. Landon related that he struggled “to look at a tree and guess the percentage
of leaves that turned yellow.” He explained how he used his iPad to put a grid over the
picture he took but admitted that the process took too long to be viable. The data were not
“cut and dry” for him and he knew he was not recording “perfect data.” Sarah also
struggled with ambiguous data. Her group was interested in how many pieces leaves from
different trees would break into. She describes the multiple iterations of data collection
strategies her group came up with to collect acceptable data, “we didn’t know which
pieces counted as pieces and not just little tiny particles”, and expressed frustration when
the weather interfered with their careful planning. This CDS project required students to
collect data for the Nature’s Notebook app. These data are more ambiguous and require
some thought and practice. From participant assignments and interview responses, this
type of data collection was new and challenging for them. Overall, participants did
express that they felt they recorded enough quality data to successfully complete the
project even though they experienced these challenges.
Enjoyment

Another common theme all participants described in their experiences with this
CDS project was enjoyment. Participants were asked explicitly what they enjoyed about
the project, however all commented about aspects they enjoyed unprompted as well. As

seen in Table 5, participants enjoyed learning about and using other CDS platforms,
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sharing the results of their work with others, the hands-on data collection, and working
collaboratively with their peers.

Table 5

Aspects of the CDS Project Participants Enjoyed

Participants Enjoyment
Other CDS Sharing results  Data collection ~ Group work
platforms

Ava X

William X X
Erica X X
Charlotte X X X

Mackenzie X X

Sarah X X X
Landon X X

Although the CDS project that participants engaged with utilized the Nature’s
Notebook app, other apps and CDS platforms were shared with students during the
course. Participants expressed enjoyment with these apps and noted that they still use
them and have shared them with others. Erica particularly enjoyed the iNaturalist app, “I
loved iNaturalist, the day you showed it to me | was like, | gotta get my badges, | started
looking up everything!” Erica goes on to explain that she shared this app with her
boyfriend’s four-year-old stepsister, “she had a blast with it, she went all around the park
looking up flowers.” Charlotte enjoyed using the Seek app during the course. She was
familiar with it already and when it was introduced in the course she shared her
knowledge with others, “that was pretty fun to tell other people about how to use that,
and I think they enjoyed it, I think everybody kind of enjoyed that part.” William also
expressed enjoyment with the Seek app, it was easier for him to use than Nature'’s

Notebook. He shares, “T used Seek to actually identify the right tree.” Mackenzie
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expressed enjoyment with both iNaturalist and Seek “I really like those apps and I
honestly like them better than Nature’s Notebook.” Sarah shares that she first learned
about all three apps while participating in the CDS project and adds, “I use Seek to this
day.” During the semester, Landon participated in an extra-curricular BioBlitz experience
hosted by a local research group and encouraged for members of this course. He reported
enjoying the “casual” nature of the event and appreciated that he and his friends were
able to use the app to learn more about the plants and explore the park. These results are
interesting because none of the participants shared that they particularly enjoyed
uploading data to the Nature’s Notebook app or that they continue to upload data there,
rather they expressed interest and enjoyment with the other apps used in conjunction with
Nature’s Notebook to accomplish the CDS project. This combined with the results
evidencing challenges faced utilizing the Nature’s Notebook app, showcases the need to
consider carefully which CDS platform to incorporate into a formal science course.

This CDS project concluded with a poster session where groups shared their
research with their peers. Participants expressed their enjoyment of both sharing their
work with others and of hearing about the work of their peers. Although Landon was not
able to finalize his work with his group, he expressed enjoyment of the poster session, “I
thought it was pretty cool because I hadn’t seen that before and it’s kind of fun to walk
around and look at the poster and see what other groups did.” He added, “everybody had
such drastically different questions” and he enjoyed seeing the variety of methods they
used to do their project. Charlotte expressed a similar sentiment, “I also really enjoyed
hearing from other people, hearing about their results.” Ava enjoyed how well her group

shared their poster. She explains, “the whole poster came together really easy, everybody
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did what they were supposed to do so that part was really nice and successful.” The
public sharing of their work on the CDS project was appreciated by presenters and their
audience.

The main task that participants reported engaging in throughout the CDS project
was data collection. As reported on earlier in this chapter, data collection presented
challenges for many participants, however participants also expressed enjoyment with
this process as well. Charlotte explains, “I definitely enjoy the hands-on, kind of like
we’re in charge of doing this thing, as far as we’re the ones collecting the data, we were
doing a lot of the project.” Mackenzie also appreciated that the data collection was hands-
on and got her outdoors, sharing, “you don’t get to do that very often in a classroom
setting.” For Sarah, the whole process of deciding on how to collect the data and the
process of collecting it was enjoyable, “it felt kind of like it was an extracurricular type
thing, like you are just doing this for fun, science can be fun.” Although the data
collection was challenging, it stood out from what participants have done in previous
courses and they share their enjoyment of that aspect.

Lastly, participants enjoyed working as a group to accomplish the CDS project.
Erica stated, “working as a group was very fun.” She appreciated having the structure of
the group and shared that, when she works independently, she can sometimes have a hard
time making progress on projects. William expressed a similar sentiment, he felt this was
easier and more enjoyable than when “you’re just doing everything yourself.” Sarah’s
group worked well together and even gave each other nicknames based on their research
question. She reported that her whole group enjoyed their research question and overall,

“we all had lots of fun with it.” Although some participants reported feeling challenged
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by the group work aspect of this project, slightly more participants reported group work
as an aspect they enjoyed and appreciated.
Interest

Participants were asked explicitly if they were interested in the topic of phenology
during their interview and in one of their course assignments, however, they were not
asked explicitly if other areas of the project or additional aspects interested them. Results
from this study, as seen in Table 6, show participants are interested in the topic of
phenology as well as the process of science they experienced in the CDS project, they
also demonstrated interest in other CDS platforms they learned about.

Table 6

Areas of Interest Expressed by Participants

Participants Interest
In topic In process In other CDS
platforms
Ava X X X
William X X
Erica
Charlotte X X
Mackenzie X
Sarah
Landon X

Several of the participants shared an academic or personal interest in seasonal
cycles or phenology. The Nature’s Notebook app and the topic of phenology were
specifically chosen for this CDS project partly because phenology is related to climate
change which, in past experience with students in this research course, is of interest to a
variety of content majors. William’s content major is environmental science and he

expressed an interest in the phenomena of seasonal leaf color change based on his
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personal experiences being outdoors, “the coolest part of working at (local ski area) is
when we’re working in the fall before the snow starts to fall, the leaves change colors up
there and it’s amazing.” Although William expressed that he was unfamiliar with
phenology, he did show a personal fascination with the phenomena. Ava’s content major
is agriculture science. She expressed some background knowledge and interest in the
topic in general, “in agriculture, we look at a lot of life cycles anyway so very similar
things (to phenology).” She adds, “it was interesting to see the different types of trees on
campus and then looking at their leaves, specifically how they change.” Charlotte is also
an environmental science major and she describes how the introduction to the project
piqued her interest, “I think it was the Wisconsin article, the data collection and seeing
the different bird species, when they would migrate in at different times of the year, and
that relates to phenology for birds and climate change.” In this introductory lesson,
students were introduced to how the recording of phenological data over long time
periods can show how climate change is impacting specific species. While the topic of
phenology was not a major area of study for any participants prior to their participation in
this CDS project, some express an interest in the phenomena and can relate it to their
content major or outside interests.

Another aspect of the CDS project that interested participants was the process of
the project. Students were tasked with using the Nature’s Notebook app and data
collection to create a research question and develop a plan for gathering data or a period
of several weeks culminating in analyzing and presenting their data to peers. Charlotte
shares that the project overall was “super interesting.” She also shared that she

appreciated going through the scientific process in a “low stakes environment” such as
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this course. Ava related the process she experienced in this project was a more detailed
and thought out extension of how she thinks about the world in her own life. In her
interview she commented ““it was interesting to actually sit down and record and study it
(her groups research question).” In describing the process overall, she shares, “it’s a little
more intentional, a timely way of looking at things and observing things instead of just
walking by one week and noticing things.” Going through the process of a scientific
investigation was interesting to these participants.

In addition to experiencing enjoyment while using other apps such as Seek and
iNaturalist, participants expressed interest in those and other CDS apps and platforms.
Ava and Mackenzie were among a number of students in the course who chose to focus
on CDS projects from online platforms for their independent final research projects. This
final project was independent from the Nature’s Notebook CDS project. For the final
assignment in the research methods course students had the option to work on an
independent research project or attach themselves to a different CDS project from either
the Zooniverse or SciStarter platform. Ava worked on a project called Seed Sleuth and,
when asked why she chose that project she shares, “it was interesting right away, it has
something to do with agriculture.” She goes on to say if she was going to pick a project,
“I had to do something that I was going to be interested in or else I wouldn’t have put that
much work or effort into it.” She describes this project in detail and expresses a desire to
use it in her future classroom, “I think that’s what will keep the motivation for sustained
inquiry for students as well.” Mackenzie selected a project from Zooniverse investigating
rattlesnake social behavior that fit with her interest in animal science. She states the

project, “just interested me because I honestly had no idea that’s how rattlesnakes
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collected water and | kind of went into a little deep dive of how rattlesnakes can even
interact with each other.”

In addition to some of the participants choosing to work on different CDS projects
for their final project, other participants expressed that they use other CDS apps they
were introduced to during the course. William and Erica both shared that they use the
Mountain Rain and Snow app that they learned of from a local scientist who was invited
in as a guest speaker in the class. Both participants were contributing data to this app
after completion of the course when they were interviewed. William utilizes it because of
his interest in skiing and the different amounts of snow that various area schools get
during storms. Erica finds the idea of students being able to track the amount of rain or
snow at their school interesting and the idea of how CDS can be used with students
overall interesting. When describing her thoughts on this she shared, “I thought the
citizen science is really fun and really interesting to see how you can actually see what’s
the progress, what’s going on, like the rainfall and snowfall one.” Although the focus in
the course was on utilizing Nature’s Notebook, participants were interested in other CDS
platforms for personal and academic reasons.

Learning

A final theme noted in the data involves the learning participants shared relating
to their experiences with this CDS project is the learning they sustained. As seen in Table
7, participants share they learned more about the process of science research, specific
skills they feel more confident in, and an understanding of CDS projects in general.
Participants were asked specifically to reflect on their content learning and skills

advancement in both the in-class assignments and in the semi-structured interview.
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Additionally, participants shared how new experiences and assignments within the CDS
project contributed to new or extended learning in these areas unprompted.

Table 7

Learning Described by Participants

Participants Learning
Process of science  Specifics of CDS Specific skills

Ava X X X
William X X

Erica X X X
Charlotte X X X
Mackenzie X X

Sarah X X

Landon X

All participants mentioned that they felt they gained experience and learning
regarding the scientific research process. Charlotte shares that she felt “more comfortable
with the whole, the entire process of the research design.” She goes into specifics,
“designing the question, then designing the methods and trying to be consistent in
collection of data and then presentation of results” as parts of the process that she and her
group engaged in and learned more about. Ava shares a similar sentiment, expressing that
this process was helpful, having to choose a question, decide on their methods, having to
“think about every step.” William and Mackenzie both share that they learned to stay
flexible and persevere in this project because the process was more challenging than
anticipated. William states, “science is, if you’re not paying really close attention,
everything can change really fast.” He describes how “you can come up with a research
question but then you might have to change it down the road or go in a whole different

direction.” Mackenzie also shares that she learned “determination.” Her group kept
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pushing on when the weather and data collection were not working out as planned. In
addition to learning more about the scientific process in general, participants shared
specific skills they picked up and grew more confident in while participating in this CDS
project.

Some specific skills mentioned by participants include becoming more familiar
with certain technologies, learning more about presenting research, communication, and
working in a group. Charlotte recounts “using new tools like using Nature’s Notebook,
using the graphing program, and using the poster template.” She expresses that she is
“definitely more comfortable using (these) in the future.” Erica shares that “I didn’t know
how to make a poster back before this.” Adding, “So now I feel like I can make a poster
for any little thing and I know I’'m going to have to make posters in the future so I think
this was a very valuable skill.” Ava mentions learning more about scientific
communication as well, “we got to think about how we’re going to explain this, like what
is our hypothesis, we have to be very specific.” William mentioned that in his group, “we
communicated a lot, especially on the poster.” He learned more about being a part of a
collaborative group, mentioning how each group member brought strengths to the table.
He was appreciative of their support during the poster presentation because he does not
enjoy public speaking. These participants described specific aspects of the project that
helped them learn or feel more confident in a part of the scientific research process.

While participants did not go into detail describing any content learning, they did
describe learning more about CDS projects in general. Ava shares, “I think the main
content takeaway was really just to see how citizen science projects work.” She adds,

“you can find a topic, any topic that you want, and as long as you have something that
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can track your data like Nature’s Notebook, you can do your own citizen science project.”
Erica also shares her learning takeaways regarding CDS projects,
The citizen science is really fun and really interesting. I think it’s so cool
and even little kids can do it. I think it’s awesome because it’s just like
they get to be a scientist and make their own predictions and make, put the
statistics in and they can see their information gets counted, they have a
voice in it.

Charlotte explains regarding CDS projects, “I don’t think it was something | was very
familiar with before research methods, but getting students involved in that and showing
them how to collect data so they can be a part of it is really cool and super meaningful.”
Mackenzie shares that, while she has participated in CDS projects before, being involved
in this one helped her to learn how she could utilize these in her future classroom, “I see
myself using that one (Zooniverse) in the future and I think it would be really cool to tie
it in with a lesson of mine.” Sarah also shared how she learned how she could incorporate
CDS projects into her future biology classes, “it makes it not so notes and lecture, it gives
them (students) a little more freedom to do something that could actually mean
something to them.” Participants learned more about the nature of CDS projects and
understood how they can be utilized in a science classroom.

Overall, participants describe experiencing a variety of challenges that they were
able to overcome, enjoyment relating to the process of the project, interest in content and
aspects of the project, and learning about the process of scientific research and the nature

of CDS projects in general.
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Research Question 2

The purpose of research question two was to measure participants’ science
identity to see if shifts occurred over the course of their engagement with the CDS
project. Research question two asks:

Does participating in a community driven science project as part of a

university course influence how secondary science preservice teachers

perceive their own science identity?

To determine whether participating in a CDS project as part of a university course
influenced how secondary science preservice teachers perceive their own science
identity, I administered a pre- and post-survey consisting of select questions taken from
the Persistence in Research in Science and Engineering Survey (PRiSE) developed and
validated by Hazari et al. (2010). The eleven question survey asks participants to rate
themselves from one to six on how much they agree with statements relating to interest,
recognition, and performance and competence in science. Although not all of the science
majors enrolled in the course agreed to take part in the semi-structured interview, the pre-
and post-surveys were administered to all students as part of the course, therefore | am
including analysis of all science majors’ surveys to answer this research question.

In Hazari et al.’s study on the science identity of college students, they classify
answers of 1, 2, and 3, to be “low” and 4, 5, and 6 as “high” (2013), Students’ scores on
the pre-survey were overall were high, indicating that most students began the study with
a robust science identity. This may have created a ceiling effect where there was not
much room for them to grow with regards to their science identity. Overall, students’

scores showed a slight increase from the pre- to post-survey’s however, based on these
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survey data alone, it is unclear whether or not participation in this CDS project influenced
these secondary science preservice teachers’ science identities.

To understand the findings for this research question, | reviewed the survey
results from the 13 science students, comparing students’ scores on the pre- and post-
surveys to determine if participation in this CDS project influenced how they perceived
their own science identity. As seen in Table 8, seven students’ scores increased from pre-
to post-survey, five students’ scores decreased, and one students scores remained the
same.

Table 8

Changes in Students’ Pre- and Post-Survey Scores

Net
Participant name Pre-Survey Post-Survey change
Charlotte 50 61 11
Sarah 46 57 11
Ava 51 62 11
Student 46 51 5
Student 59 62 3
Student 55 57 2
Erica 30 31 1
Landon 51 51 0
Student 58 57 -1
Student 53 52 -1
William 55 54 -1
Student 50 48 -2
Mackenzie 64 57 -7

The highest score a participant could give themselves on the survey was a 66. For the
pre-survey, the students’ overall mean score was 51.4. For the post-survey the students’

overall mean score increased to 53.8. The mean change of overall scores from pre- to
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post-survey showed an increase of 2.4. The class mean and standard deviation can be
seen in Table 9.

Table 9

Mean and Standard Deviation of Overall Scores

Pre-survey Post-survey
Mean 51.4 53.8
Standard Deviation 7.9 7.8

The coefficient of variation for the pre-survey data is 0.15 and the coefficient of variation
for the post-survey data is 0.14. These values indicate students’ scores are all fairly close
to the mean, they are similar to one another. Because the highest score a participant could
give themselves was a 66, | classify a change of 3.5 to be minimal as that is
approximately five percent of the total points possible. Based on this analysis, the overall
class change in science identity was minimal however, some individual’s results did
show more than minimal change.

Looking closely at students’ overall changes in scores shows an interesting
breakdown. Eight students evidenced minimal score changes of three or less while five
students evidenced larger shifts of five or more. Of the students who evidenced a larger
shift, four of them were in the positive direction, their science identity may have been
increased, and one showed a negative shift, their science identity may have decreased.
This suggests that, for some students, their self-reported science identity shifted slightly
from the time they took the pre-survey to the post-survey while, for slightly more of the

students, they did not experience a shift in their science identity overall. Looking at the
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survey by the individual aspects of science identity helps to discern more regarding this
research question.

Separating the pre- and post-survey responses by the different aspects of science
identity reveals unequal changes in student responses. Questions in the survey were
grouped by the aspect of science identity they were measuring. The first two questions
asked students to rate themselves on their interest and enjoyment in learning science. The
next three questions asked about how students see themselves as scientists as well as how
they perceive others as viewing them as a scientist. The last six questions ask students to
rate themselves on their confidence in doing, understanding, and persisting in science.

Statements measuring recognition changed positively overall from pre- to post-
surveys and stood out as the area where students rated themselves consistently higher in
the post-survey. As seen in Table 10, overall, students remained fairly stable in their self-
reported interest in learning science, reported slightly higher ratings in their confidence in
doing, understanding, and persisting in science, and reported the most positive change in
the category of recognition.

Table 10

Change in Survey Scores by Science Identity Component

Science Sum or Meanof  Sumof  Mean of Net Net
identity pre- pre- post- post- change of change of
aspect survey survey survey survey  numerical mean
scores scores scores scores scores scores
Recognition 180 13.8 201 155 21 1.7
Performance/ 349 26.8 361 27.8 12 1.0
Competence

Interest 139 10.7 138 10.6 -1 -1
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Looking deeper into the recognition questions, we can see from Table 11 that
students responded more positively to each statement in this section.

Table 11

Recognition Section Data

Sumof Mean Sumof Mean Net Net
pre- of pre-  post- of post- change of change

survey survey survey survey numerical of mean

scores  scores  scores  scores scores scores

Statement

My teacher sees me as

) 57 4.4 66 5.1 9 0.7
a science person
My
parents/relatives/friends 58 4.5 65 5 7 0.5
see me as a science
person
| see myself as a 65 5 70 54 5 0.4

science person

These changes show students reported higher feelings of seeing themselves as scientists
and higher feelings of others perceiving them as scientists after the CDS project. It is
notable that student responses to their teachers seeing them as a science person showed
the highest positive net change out of all the statements. Recognition as a scientist by
themselves and others stood out as an area where students shifted positively in their
science identity.

Student’s self-reported interest in learning science did not shift much from the
pre- to post-surveys. As seen in Table 12, the overall rating for students’ interest in
learning more about science went down slightly and their rating for their enjoyment of

learning science increased slightly.
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Table 12

Interest Section Data

Sumof Meanof Sumof Mean of Net Net
Statement pre- pre- post- post- changg of change
survey  survey  survey  survey numerical of mean
scores scores scores scores scores scores
| enjoy learning 68 5.2 71 5.5 3 0.2
science
| am interested in 71 55 67 59 4 03

learning more about
science

These data suggest that students’ overall interest in science did not fluctuate between the
pre- and post-survey. While the change in their interest in learning science decreased
slightly, their enjoyment in learning science increased slightly. From these data, it is
difficult to say whether students’ science identity was influenced by their participation in
the CDS project as changes in scores for this section are small.

Overall student responses to the questions in the performance and competence
section were slightly higher or changed minimally on the post-survey as seen in Table 13.
This section evidenced the least amount of change over the time period of the study.

Table 13

Performance and Competence Section Data

Sumof Meanof Sumof Mean of Net Net
pre- pre- post- post-  change of change

survey  survey  survey  survey numerical of mean

scores scores scores scores scores scores

57 4.4 63 4.8 6 0.4

Statement

| can overcome
setbacks in science

Others ask me for 55 4.2 58 45 3 0.3
help in science
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Sumof Meanof Sumof Mean of Net Net
Statement pre- pre- post- post- changg of change
survey  survey  survey  survey numerical of mean
scores scores scores scores scores scores
| understand
concepts | have 59 4.5 60 4.6 1 0.1

studied in science

| am confident that
| can understand 62 4.8 63 4.8 1 0
science outside of
class

| am confident that
| can understand
science in class

61 4.7 61 4.7 0 0

| can do well on 55 4.2 54 4.2 -1 0
exams in science

The question asking students to rate how well the feel they can overcome setbacks in
science stood out as the most positively increased question in this section. There was a
net positive change of three points for the question asking about others asking them for
help in science and the remaining four questions showed little change from pre- to post-
survey. These data suggest that, with the exception of feeling more confident in their
ability to overcome setbacks, students did not evidence more confidence in their
competence with regards to science.

Student responses on these surveys quantified how students saw themselves as
scientists before and after their participation in the CDS project. Overall some of the
students evidenced a shift in their self-reported views of themselves on these science
identity aspects while more remained fairly stable in their self-reported views. Based on

these survey data, it is unclear whether participation in this CDS project influenced
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students’ science identities. It is notable that survey data suggest almost all students
evidenced a robust science identity even at the beginning of the CDS project. When
reviewing these data, it is important to remember that students were concurrently enrolled
in other science courses and may have had other experiences with science during the
CDS project, therefore, their self-reported scores may not reflect only their participation
in this particular project. | use these data to help answer my third research question which
looks into how students’ participation in a CDS project as part of a university course

influenced their science identity development.

Research Question 3
The final research question incorporates all data sources in its answer. The
question asks:
How does participation in a community driven science project as part of a
university course influence secondary science preservice teachers’ science
identity development?
To answer this research question, |1 wrote memos for each participant, examining in-class
assignments, pre- and post-survey results, and semi-structured interview answers to
discern if any shifts occurred with regard to participants’ science identities. A sample
participant memo can be found in Appendix F. In my analysis, | utilized the science
identity framework described earlier in this document. This framework takes into
consideration how participants describe their performance and competence in science,
recognition by themselves and others, and interest in as it related to their experiences

with the CDS project.
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All but one participant evidenced a fairly robust science identity as they began
participation in this CDS project based on their self-selected pre-survey scores. This is
not unexpected as participants have chosen to major in a science field and are all near the
end of their degree programs. Data suggest that participants’ science identities were
either maintained or expanded as a result of their participation in this CDS project. |
detail the two trends | found from analyzing the data.

Science Identity Maintained

While all seven participants evidenced growth in their understanding of science
and science processes, not all participants grew in their science identity overall. Four
participants’ data suggest their science identity did not shift as a whole, rather it was
maintained throughout their participation in this CDS project. While these four
participants did not evidence a shift in their science identity, they grew in their
understanding of science as a complex endeavor over the period of the study. Table 14
summarizes these participants’ views of themselves, their previous science teaching and
research experience, and their post-graduation career plans in order to better understand
their backgrounds.

Table 14

Participants Who Maintained Their Science Identity

Views of self as Previous science Post-graduation
Participant Content major teacher and/or teaching and/or career plans
scientist research experience
Sees self as a science  Some brief High school
. . person, describes practicum biology teacher
Mackenzie - Biology herself as a STEM experiences, no

major research experiences
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Views of self as

Previous science

Post-graduation

Participant  Content major teacher and/or teaching and/or career plans
scientist research experience
Sees self as a veteran ~ Some brief Undecided
and a teacher overall  practicum
- Environmental although describesa  experiences, no
William . . :
Science passion for research experiences
environmental
science
Did not describe self ~ Some brief High school
Landon Biology as scientist_or teach_er. practi_cum biology teacher
Expressed interest in  experiences, no
climate change research experiences
Expresses interestin ~ Some brief High school
Erica Biology specific science practicum biology teacher

disciplines (forensics,
anatomy)

experiences, no
research experiences

As noted in this table, each participant has a similar, limited background with regards to

scientific research. In one of their first in-class assignments, students completed a video

reflection where they were asked to define and explain scientific research and relate it to

their life. These four participants each gave competent but not especially detailed or

thorough responses which makes sense as they do not have any additional background

experiences to draw from other than taking content courses.

Although these participants do not have prior research experiences, three of them

rated themselves at or above the class mean on their pre-survey with Mackenzie having

the highest score in the class. This suggests they have robust science identities in place

already. In their post-surveys, although Mackenzie’s score falls by seven points and

William’s falls by one point, they are each still slightly higher than the class mean.

Landon’s post-survey score remained at a 51 for both surveys which was at the class

mean for the pre-survey and slightly under the class mean for the post-survey. Erica is set
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apart from these three in that she did not rate herself highly in either survey. Her scores
were by far the lowed in this class; pre-survey results for Erica were 21 points below the
class mean, indicating that she did not have as strong of a science identity as the other
preservice teachers in the course. While her post-survey score did increase by one point,
this was still far below the class mean. While Erica’s post-survey score suggests she did
not grow in her science identity, her in-class work and her interview answers hint that she
did experience success and an increase in her confidence and enjoyment with science as a
result of participating in the CDS project. In-class data as well as the semi-structured
interviews help illuminate ways in which aspects of the CDS project influenced all four
participants’ competence, recognition, and interest in science.

These four participants struggled with aspects of the CDS project, however they
were ultimately successful and share that this experience allowed them to better
understand the obstacles that scientists encounter as well as the in-depth nature of
scientific research. Data collection was an area of challenge for these four and
demonstrated to them real issues that scientists face. In her interview, Mackenzie stated
that this project allowed her to “realize the struggles that researchers have.” William
shared in a Canvas reflection that he is “not getting the results I was thinking I would get
with the weather changing” adding, “it is kind of depressing.” In his interview, when
asked about his struggles with data collection, he shares that data collection “might seem
boring, doing certain things over and over, but that’s where you get all your data.” He
realizes the importance of rigorous data collection as well as the challenges associated
with it. William’s self-reported scores for interest in science decreased slightly from his

pre- to post-interview. When asked about this, his response was, “no, I still have a high
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interest in science, but you have to be really involved in it.” This statement also
demonstrates William’s new conception of scientific research as being rigorous and
detailed.

Landon’s responses to his struggles showcase the uniqueness of utilizing a CDS
project to collect authentic data and experience how research works in a classroom
setting. Landon compared the data collection for this project to his experiences in his
other science content courses stating, “I think it was good to practice with that type of
data collection that isn’t so cut and dry.” He shared that it was difficult to estimate the
percentage of leaves that had changed color as required by the Nature’s Notebook app.
After talking with his peers about possible solutions to this and using his iPad to take a
picture and lay a grid on the tree, he describes that he came to the realization that “it’s not
going to be perfect” adding that this was more difficult than “gathering data that is just
reading a sensor that tells you a number.” In addition to expanding his understanding of
data collection, Landon appears to have gained a more realistic view of science research
from participating in this project. In describing how he felt after the poster presentation
he states, “if you look at what everybody did together, it kind of makes more of a bigger
picture about how these trees work and that’s kind of how I see science now, as all these
little studies.” He goes on to share, “they’re not figuring out a big scientific idea but
they’re trying to figure out one little aspect of it.” This CDS experience appears to have
helped participants learn more about the process of scientific research, and data gathering
in particular, and grew their understanding of the complexity of science.

Although these participants were challenged by the CDS project, they were

successful overall and their feelings of confidence and recognition in science did not
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decrease. William singles out a specific part of the project where he felt like a scientist,
“when our group made the poster and we could see the results.” Although Landon
explained that he felt “more like a fake scientist” at the end of the project because his
group did not complete a poster he did share that others may have viewed him as a
scientist during the poster presentations because he asked detailed and knowledgeable
questions. Mackenzie also shared aspects of the project where she gained confidence in
her scientific abilities, “I feel like the finished project was kind of nice, I felt like I
accomplished something with my group when presenting.” While Mackenzie felt that her
groups research question was not “as useful to science,” documenting her data helped her
to feel “legitimate” and she shares that “being able to contribute to Nature’s Notebook
made it feel like | was contributing to science.” Erica similarly shared that, while she
struggled with aspects of the data collection, overall she experienced success stating, “I
feel more confident in gathering samples because I think it’s pretty hard to find a whole
leaf and so far | found a few, they are just time consuming. But I can do it right.”
Additionally, Erica enthusiastically detailed how she now uses and plans to use other
CDS platforms such as Seek and iNaturalist, she shared, “the citizen science is really fun
and really interesting, I think it’s so cool that even little kids can do it.” Participation in
this project did not negatively impact their overall science identity and their successful
engagement in the practices of science helped them to feel accomplished.

It is difficult to discern how much the CDS project influenced these participants’
science identities as each discussed impactful experiences either in their concurrent
science courses or from their peers during their semi-structured interview. For example,

Mackenzie’s self-reported scores dipped slightly overall from the pre- to the post-survey.
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When asked about this decline she reports feeling, “kind of beat down from school.” She
goes on to explain that she may have come into the semester feeling positive and
confident but, by the end of the semester, she was struggling with “the whole online and
then coming back™ issue as well as struggling particularly in her animal physiology lab
which was “really tough.” William” self-reported score on the statement, “Others ask me
for help in science” increased by two points from the pre- to post-survey. When asked
why he felt more positive about this aspect, he shares a success that he experienced in
one of his other courses where his work was used as the model for the class. Landon
shared that he experienced a low score on an exam in another one of his science courses
that gave him stress and made him feel as if he was struggling in his science courses.

In addition to experiences in other science content courses, experiences with peers
may have influenced how participants thought about themselves relative to science. For
example, while Erica marked herself lower than her peers in all three areas of the science
identity construct, she rated herself the lowest in recognition. In her interview she shares
that she has been told that she’s not a science or math person by others throughout her
life. She shares that friends have told her, “you’re more of an arts person, | can see you as
an art teacher or a music teacher.” She adds, “I know people don’t see me as a science
person.” While she expresses that her family will support her in whatever she decides to
do with her life, she shares that her boyfriend does not think science research is right for
her. He tells her that she would not enjoy it and recounts him telling her “you’re more,
basically more like a teacher, not research material.” Outside influences such as

concurrent coursework and recognition or non-recognition by peers as a science person
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may have contributed to these participants’ lack of positive shifts in their science
identities.

Overall, this CDS experience appears to have not had a negative influence on
these participants’ science identities. Rather, their science identity seems to have
remained stable and their engagement with the project has expanded their understanding
of science to a more sophisticated conception of the field and its rigors. All three
participants began their engagement with the CDS project with fairly robust science
identities and they maintained them throughout the study period.

Positive Science ldentity Shift

Data from Ava, Charlotte, and Sarah suggest their participation in this CDS
project expanded their science identity and gave them more confidence in doing science
overall. All three evidenced higher scores on their post-survey and each, in both the in-
class assignments and in their interviews, detailed specific aspects of the CDS project that
helped increase their confidence in their science abilities. Unlike the three participants
who maintained their science identity, each of these three participants came to the project
with different backgrounds and self-assurance with regards to their science abilities as
evidenced by their video reflection on science research, however, all three also evidenced
fairly robust science identities based on their pre-survey scores. Their responses to
assignments early on in the project allowed me to see how they varied in their research
experience and understanding of science in general. Sarah gave a fairly generic response
to defining science research and focused on explaining how it fit into a classroom setting,
Ava gave a slightly more thorough response and added specific examples of how

scientific research is utilized in the agriculture industry, and Charlotte gave a thorough
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response and added examples of how research was important in her life and in

environmental science as well.

| summarize each participants’ views of themselves, their previous science

teaching and research experience, and their post-graduation career plans in Table 15.

Their responses to in-class assignments, as described above, informed my classification

of their conceptions of science and research.

Table 15

Participants Demonstrating a Positive Shift in Science Identity

Conception of science and research

R0 e L I ——————

More sophisticated

Participant

Content major

Views of self
as teacher
and/or scientist

Previous
science
teaching and/or
research
experience

Post-
graduation
career plans

Sarah

Biology

Sees self as a
teacher, has
struggled in past
science classes

Brief practicum
experiences, no
research experiences

High school biology
teacher

Agriculture Science

Sees self as a science
person, details
extensive agriculture
background

Brief practicum
experiences, no
research experiences

Something in the
agriculture industry or
an agriculture science
teacher

Charlotte

Environmental
Science

Sees self as science
person, passionate
about climate
change, outdoor
education

Brief practicum
experiences,
multiple informal
and outdoor teaching
and curriculum
development
experiences

Outdoor educator or
traditional educator
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Although these three participants began the CDS project with varying amounts of
experience and expertise in science, they all evidenced growth in their confidence in their
ability to understand, do, and persist in science. While Charlotte’s pre-survey score was
one point below the class mean, she evidenced a sophisticated understanding of science
research in her early classroom assignments and she stated in her first Canvas reflection,
“I feel very confident in my ability to collect data for this project.” She also shared that
phenology was familiar to her and that the content knowledge she gained in this project
was more of a refresher for her, “learning more about the phenology traits at the
beginning of this process was cool.” While engagement in this CDS project did not add
deeply to her content knowledge, Charlotte acknowledges that she grew in her science
skills and expressed in her interview that “really engaging in the scientific process and
revision has helped me feel more confident in future research.” She adds that she
specifically feels more confident in her ability to “engage in designing methods, analysis,
and communicating results.” Charlotte’s post-survey score increased by 11 points overall
and this, in conjunction with her in-class work and interview results, suggests that her
science identity was influenced positively over the course of the study. This experience
added to her already strong confidence and abilities in science and scientific research.

In contrast to Charlotte’s more extensive background, Sarah evidenced a less
sophisticated understanding of science and research from her early classroom
assignments. She related research to what she would do in her classroom, as a teacher,
and did not share that she had any research or extra science teaching experience besides
the practicum experiences from her courses. Sarah’s score on the pre-survey was five

points below the mean for all science students in the course which indicates that she did
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not have as strong of a science identity as her peers. Sarah had not heard of phenology
prior to this experience and shares that she struggled in previous and concurrent science
courses. She explains that this CDS project,

Gave me experience on how to do research and scientific things and

learning how to use different apps to help aid in the science part of

experiments and research, so | would say it helped me to see and make me
realize that | am actually a scientist.

Sarah’s scores on her pre- to post-assessment went up overall. It was not common for
participants to change their scores by more than one point in either direction from the
pre- to post-survey yet Sarah increased her scores by two points in the positive direction
for three separate questions, two pertaining to recognition in science and one pertaining
to being able to overcome setbacks. When asked about these changes she shares, “I guess
you could say my self-confidence played a part,” adding “once I kept going into it (the
CDS project) I'm like, yeah, I can definitely do that.” Although Sarah began this
experience with less confidence in her science abilities and with past and concurrent
experiences in science courses, she shares that her confidence in her ability to do science
increased.

Ava came into the course with a strong science identity related to her content
major, agriculture science. In her coursework and interview she frequently relates science
and research back to her agriculture background, “research is super important, especially
in agriculture.” Her pre-survey score was at the class mean indicating that her science
identity is average for this group of preservice science teachers. Although Ava sees

herself as a science person in relation to agriculture science, she shared that she does not
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feel confident in herself with regard to research or the other sciences in general. She came
from a rural high school where she feels she missed learning more formal science, “we
never really did very many labs, we didn’t really have very many of those types of
science experiences.” Her participation in this CDS project appears to have given her
more self-confidence and has broadened her knowledge about doing science. In a
reflection assignment, done right after the project, she stated, “It (the project) has made
me more confident because | know that it is doable.” In her interview she shared that she
“felt like a scientist when collecting and presenting data.” She also shared that this
project gave her, “a different way of looking at science.” Participating in this project
allowed Ava to experience success in a more formal science research project and allowed
her to do science in a way not related to agriculture science. Her scores on the post-
survey went up by 11 points and her comments on assignment and the interview support
the suggestion that Ava’s already solid science identity expanded in a positive direction.

Regardless of their past experiences with doing science and research and their
views of themselves as scientists at the beginning of the project, these participants share
that their engagement with aspects of this CDS project helped them to feel more

confident in their abilities and in seeing themselves as scientists.

Final Thoughts

Data from the pre- and post-surveys, in-class assignment, and interviews were
analyzed to answer the three research questions in this study. Overall, despite challenges,
participants expressed enjoyment, and learning as a result of their participation in this
CDS project as part of their university course. Based on data from the pre- and post-

surveys, some students’ science identities may have been influenced through their
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engagement with this CDS project while more students’ scores suggest a stable science
identity, unchanged throughout the duration of this study. Participants who maintained
their already solid science identity evidenced an expanded awareness of the complexities
of science and research while participants who demonstrated a positive shift in their

science identity evidence increased self-confidence in their science abilities and skills.
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Chapter 5

The purpose of this study was to better understand how secondary science
preservice teachers reflect on their experiences engaging with a community driven
science (CDS) project in a formal educational space and to explore if and how their
experiences influence their science identity development. In this chapter, | summarize
and discuss the overall findings of each research question and explore the implications of
this study related to the literature as well as for real-world contexts. Additionally, |
discuss the limitations of this study and share thoughts on directions for future research.
Summary of Findings

This study utilized a multi-method case study design to answer three research
questions relating to participant experiences and science identity within the context of a
CDS project as part of a university course. Overall, all participants successfully
completed the CDS project as part of their research methods course. Four themes relating
to their experiences came through: challenges, enjoyment of the project, interest in
aspects of the project, and learning as a result of participation in the project. Some of the
science students in the course may have seen a slight increase in their science identity
while more students’ scores suggest a Stable science identity throughout the duration of
the study. Participants who evidenced a stable science identity did show an expanded
awareness of the complexities and rigor of science while participants who evidenced a
positive shift in their science identity show increased self-confidence in their science
skills and abilities. All but one student demonstrated a fairly robust science identity based

on their survey scores.
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Discussion of Findings
Participant Experiences: Challenges

Despite the challenges participants experienced as they engaged in this CDS
project, overall, they enjoyed the process, were interested in aspects of the project, and
learned more about science processes and skills.

An interesting challenge some participants shared was their struggle with the
ambiguity of the data collection required by this project. As a co-instructor of the
research methods course, this challenge was seen as beneficial and aligning to the student
learning goals. Some students enter the course with conceptions of science research as
being linear and straightforward. By engaging with this CDS project, students were able
to experience the messiness of data collection and come to their own realizations about
the choices researchers make in the data collection process. While participants viewed
this aspect of the CDS project as a challenge, as a co-instructor, | view this as an
important and helpful aspect of the project. Additional supports may be helpful however,
based on participant data, they overcame this challenge with help from peers, through
their small group work and through the online discussions.

Two of the challenges described by participants, difficulty working with group
members and a lack of time to do the work of this project, may be somewhat related to
the Covid-19 pandemic which was occurring during the time period of this study. During
the semester of this study, some classes were changed from meeting in-person to a virtual
format. Additionally, some students, who were either sick themselves or exposed to

someone who was sick, attended classes virtually, via Zoom. This may have contributed
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to participants experiencing difficulty in both of these areas, working with others and
time to work on this project.
Participant Experiences: Learning and Enjoyment

One result that stood out with regards to participant experience with this CDS
project was their learning of the scientific process. All participants describe, in the in-
class assignments and in their semi-structured interviews, specific learning they gained
by participating. This makes sense as the overall learning goals for the course are for
students to experience and practice the methods of science. As such, their participation in
this project was supplemented by reflection assignments on how they were performing on
aspects of the project and in-class discussions on how their group was doing and what
they needed in order to continue their project.

It is interesting that some participants describe this experience as being different
from other assignments and projects they have done in their other content courses. This
may have contributed towards their evidenced enjoyment of the project overall. The fact
that this project required participants to go outside and collect data in an unsupervised
environment may have helped this project stand out to participants as something unique
and more interesting or enjoyable than a traditional lab or science content course
experience. Additionally, some participants shared they had not made a scientific poster
before or participated in a poster session where their peers shared research. This novelty
could have also contributed to the uniqueness of this experience and to participant
enjoyment.

The Importance of Recognition
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Most students evidenced a fairly robust science identity from their survey scores.
Based on analysis of the survey data, the overall class change in science identity was
minimal, however, some individual’s results did show more than a minimal change.
Additionally, some aspects of science identity showed more change than others.

Recognition stood out among the three aspects of science identity as evidencing
the most positive change overall. Within this section, the statement, “My teacher sees me
as a science person” showed the most positive change. During the course of the CDS
project, students met with instructors to discuss their progress, challenges, and get
feedback on aspects of the project. Students also presented their work to instructors and
the class at large at the completion of the project. These aspects of the CDS project may
have influenced students’ self-reported scores on this specific question.

Survey data show student’s self-reported interest in science did not shift much
from the pre- to post-surveys. The statement “I am interested in learning more about
science” showed a slight negative change from pre- to post-survey. This CDS project
focused on phenology which aligned with some of the students’ content majors, however
some students reported that they had never heard of this topic prior to the project and
shared that they were interested in other areas of science more than phenology. Their
participation in this project did not spark an interest in this area for them.

Overall, student responses to the questions in the performance and competence
section were slightly higher or changed only minimally. A statement that stood out in this
section as showcasing the highest positive change was, “I can overcome setbacks in

science.” The post-survey was completed by students at the end of the CDS project,
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therefore, students may have been feeling more positive about their ability to complete a
project successfully.
Thoughts on Maintained Science Identity

While all seven participants evidenced growth in their understanding of science
processes, not all participants grew in their science identity overall. Looking into the data
from participants who did not evidence growth in their science identity some interesting
aspects can be seen. While all four of these participants gave competent responses to one
of their first in-class assignments asking them to describe scientific research, none of
them gave especially thorough answers or specific examples of scientific research in their
lives. Additionally, none of these participants entered the study with previous experiences
in scientific research. Their engagement with this CDS project may have been the first
time they participated in this type of activity and they may have been surprised at the
difficulty of the projects’ tasks. Additionally, group challenges may have impeded their
growth and learning in this project. One of Landon’s main challenges was working with
his group. He was not able to complete the project as planned due to group member
absences. Because he could not experience the project in its entirety, his science identity
may not have positively increased.

Another student who evidenced a maintained science identity, Erica, may
showcase how a person’s science identity cannot be altered much from one course
project. Her interview data show a history of not being recognized as a science person
and this may have taken a toll on how she views herself in relation to science. She
reported not knowing about or being interested in phenology at the start of the project.

Perhaps, if this CDS project were on a topic she was more interested and knowledgeable
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in, she may have demonstrated more gains in her confidence in her ability to do science.
She did showcase small gains on the quantitative survey on the statements, “My teachers
see me as a science person” and “I see myself as a science person.” The research methods
course included time for instructors to meet with students for informal check ins as well
as reflective assignments for students to consider how they are doing with regards to the
project. This may indicate the importance of a supportive and positive science
educational environment for students who are receiving negative feedback from peers.
Thoughts on Expanded Science Identity

Three participants did evidence an expanded science identity and evidenced
increased confidence in doing science overall. One of these participants, Charlotte,
entered the study with some previous experience in designing outdoor science
educational curriculum and stated that she is interested in being an outdoor educator after
graduation. Her interest in outdoor education and climate change may have influenced
her experiences in this project. She took an active role in her group and was one of the
few participants who knew about phenology and was actively interested in it prior to the
project. Ava also indicated she was aware of the concept of phenology prior to the study
and made her own connections from this project to her passion, agriculture science. This
is interesting as it might indicate that including a CDS project that is already of interest to
students may be more likely to positively expand students’ science identities.
Implications of Findings
Connections to Participant Outcomes in the CDS Literature

Much of the current research on participant outcomes from engagement with CDS

projects comes from studying informal and out of school settings. Results from this study
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support some findings from these studies as well as showcase differences among
participant outcomes within this formal university course context.

A participant outcome found in some of the CDS literature is the development of
science skills and practices (Phillips et al., 2019; Shirk et al., 2012). This study supports
these findings and showcases what supports may be necessary to elicit this outcome.
Participants in this study evidenced learning specific science skills such as data
collection, working collaboratively, and sharing research. In Jordan et al.’s study, their
participants did not evidence much growth in the area of science-process skills which
they attribute to lack of time for both practice and reflection (2011). Participants in my
study engaged in multiple reflective activities specifically focusing on their
understanding of science skills as part of the course. This result supports Jordan et al.’s
reasoning for why some participants in CDS projects may not see growth in their science-
process skills and showcases the need for facilitators of CDS projects to embed time and
reflection if this is a desired participant outcome.

In addition to learning science skills and practices participants in this study
evidenced a more thorough and sophisticated understanding of the science research
process overall. Ballard et al. found similar results in their study on youth participants
involved in two environmental CDS projects (2017). Their participants not only learned
data collection techniques but could explain why it was important to maintain a high level
of data quality in scientific investigations (Ballard, et al., 2017). Participants in this study
evidenced similar understandings. This may be due to the authentic nature of CDS
projects. Because participants are collecting real world data to share with scientists who

use the platforms’ database, participants consider the importance and impact of what they
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are doing. Experiencing and learning about the scientific research process was a main
takeaway for participants in this study and participants developed their science skills and
practices.

Increased participant agency is another participant outcome seen in the CDS
literature supported by this study. Science is seen as high status (Carlone, 2012) and this
results in lack of access to science, lack of power in science, and lack of representation in
science by marginalized students because it is seen as “White property” (Mensah &
Jackson, 2018, p. 8). In Barton and Tan’s study with marginalized youth engaged in
community science (2010), they found more intense participant engagement with the
project than they expected and saw the youth enacting agency both with and in science;
participants utilized science on their own terms and positioned themselves as experts to
those in their community. | see a parallel with Erica in this study. She is a first generation
college student and a Hispanic female. She scored the lowest by far on the science
identity survey and shared that her peers and her boyfriend do not think she is science or
research material. In her interview she expressed sincere excitement about using specific
CDS apps such as Seek and iNaturalist. Additionally, she shared her knowledge with her
boyfriend’s young step-sister and described how the two of them used the app to gather
scientific data. Erica also described in detail how she would like to use CDS projects in
her future classroom and shares that the main reason for this is due to the fact that these
projects allow anyone, even kids, to participate in science. This is important to her and is
similar to the demonstrated participant agency described in Barton and Tan’s study.
Perhaps CDS projects offer unique avenues towards ownership of science to groups who

have been and continue to be excluded from the scientific community.
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Science content learning is an aspect of participant outcomes that is not supported
by this study. In research on CDS being done in informal environments, content learning
is one of the main participant outcomes (Bonney et al., 2016; Brossard et al., 2005;
Phillips et al., 2019; Sickler et al., 2014). Participants in this study did not evidence
meaningful content learning in in-class assignments or in their interviews. When
specifically asked about content learning in their interviews, participants brought up
learning about science processes and learning more about CDS projects in general. This
makes sense because the learning goals of the project and the course overall are for
students to experience and practice with scientific research. While the content,
phenology, was introduced to students in the beginning of the project and they did
background research pertaining to their groups’ chosen research question, this was not
the main focus of the project.

Supporting and contributing to participants’ science identities is another area of
research in the CDS literature. Ballard et al. (2018) suggest CDS can support
participants’ science identities in a variety of ways including giving them opportunities t0
use the tools, practices, and norms of authentic science, showing them they can do
science in their local setting, and allowing them to create meaningful products to share
with others. Results from this study suggest participants in a formal science space can see
their science identities supported as well. Participants reported that they felt like they
were scientists, were doing science, or were seen by others as scientists as they
participated in various aspects of the CDS project. The two aspects of the project noted
the most by participants as helping them to feel like scientists were the data collection

and uploading to Nature’s Notebook and the presentation of their posters to their peers.
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While some characteristics of this community driven science project are common to other
hands-on, inquiry, or project-based approaches to science, the uploading of data to a
national website may have made the project more authentic for participants and
encouraged their feelings of being a scientist.
Connections to Recognition and Intersectional Identities

Identity is both self-narrated and socially constructed. An individual has a self-
concept (Eccles, 2019) and has agency, however this is tempered by how others perceive
them and the overarching social and historical structures that might constrain them
(Carlone, 2012; Carlone & Johnson, 2007; Gee, 2000). Erica, although successful in the
CDS project, shows minimal growth in her science identity. Hazari et al. note that
Hispanic females showed the weakest science identity among all majors in their study of
science identity in undergraduate students and may face the greatest challenges in
developing a science identity (2010). In their study, Hazari et al. hypothesize Hispanic
females may face greater pressure from home to conform to more traditional gender
roles. In this study, Erica had by far the lowest scores on the pre- and post-surveys which
measured science identity. Her interview data suggest that she does not feel pressure from
her parents, however, friends throughout her life as well as her current boyfriend seem to
discourage her from science endeavors and challenges. While data suggest Erica’s
science identity did not decrease over the course of the CDS project, she also did not
show any meaningful growth in her science identity even though she describes feeling
like a scientist and being successful with this project. The time-scale of this project was
short, suggesting that it is difficult to shift someone’s identity when they have been

experiencing long term lack of recognition by people important to them.
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Connections to Teacher Preparation Programs

Teacher preparation programs must give secondary science preservice teachers
opportunities to practice and strengthen their science identity. Incorporating CDS into
appropriate courses gives preservice teachers access to authentic science experiences,
allowing them to gain a deeper understanding of science content and skills in a
meaningful way. Chung-Parsons & Bailey (2019) found secondary science preservice
teachers viewed themselves as scientists first and as science teachers second, the tensions
between these identities need to be considered by preparation programs. Additionally,
this study shows that, although many of these participants viewed themselves as scientists
and evidenced a robust science identity, engagement with this CDS project helped them
to see the complexity and rigors of science and understand science skills more deeply.
They added to their knowledge regarding the process of science.

Standards documents call for science teachers to incorporate science practices into
curriculum (NGSS Lead States, 2013). Currently, there is little research into how to best
incorporate and teach these practices and the related concept of the nature of science
knowledge into undergraduate education and science courses (Lederman & Lederman,
2019). During their participation in the CDS project, participants were enacting many of
the science practices and gaining confidence in their abilities with them. In-class
reflection assignments asked students to explicitly discuss how they went about practices
such as collecting data, what challenges they faced, and how they overcame these
challenges. Incorporating this project allowed for straightforward engagement with and
thinking about these science practices. Projects such as this can be a vehicle for teacher

preparation programs to explicitly teach science practices called for in standards.
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This study shows that impactful experiences with science do not necessarily need
to involve internships with faculty or research groups on campus. Participants engaged
with authentic science within their university course and they appreciated the low stakes
nature of it. Research into supporting students’ science identities in K-12 education could
be utilized in higher education as well. For example, Bell et al. advocate for students to
perform science investigations that “may highlight new roles for citizens in exploring and
informing science-related problems facing their community (2017, p. 368). This can be
done utilizing CDS projects within undergraduate teacher preparation courses as funding
and opportunities for individual research opportunities finite and does not impact all
preservice teachers.

Exposing secondary science preservice teachers to CDS projects is also something
that preparation programs can do to support their understanding of authentic science.
Most participants in this study shared that this was the first time they had heard of and
experienced participating in a CDS project. Each participant saw potential in using these
types of projects and platforms in their future classroom. The literature on incorporating
CDS projects into K-12 classrooms is small however does show positive outcomes for
both students and teachers regarding increased learning, self-efficacy, and agency related
to science (Fujiwara et al., 2019; Kermish-Allen et al., 2019; Scheuch et al., 2018;
Schneiderhan-Opel & Bogner, 2020). By exposing secondary science preservice teachers
to CDS projects in their teacher preparation program we are giving them a valuable

approach to the teaching and learning of science.
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Limitations

In addition to the limitations discussed in Chapter 1, other limitations embedded
within this study include lack of variation in participant sample, context of the study, and
time and scope of study boundaries.
Variation of Sample

This study focused on students in their junior and senior year enrolled a dual
degree teacher preparation program. As such, all participants had declared and were
working towards a bachelor’s degree in their chosen content area. Perhaps, as a result of
this, the majority of students evidenced a robust science identity prior to beginning the
CDS project. If this study were to be conducted within a different teacher preparation
program that did not require students to pursue a dual major, these results may have been
different. Studying participants with varying degrees of science identity may have
resulted in different outcomes with respect to their experiences and their growth or lack
of growth in their science identity. While the goal of case study research is not to provide
wide generalizations but to expand upon theories (Yin, 2018), this attribute of the study
does make it more difficult to expand ideas to other types of teacher preparation
programs.
Context of the Study

This study occurred while university courses and processes were slightly in flux
due to the Covid-19 pandemic. This provided an unusual context for both students and
instructors of the course. Because of much higher than average student absences due to
illness and isolation protocols, participants did not always engage in activities in-person.

Additionally, not all students completed in-class assignments that were used as data
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sources. Remote learning was utilized frequently by individual students and sometimes
whole classes were conducted remotely. The CDS project itself was chosen in part
because it could be altered to allow for student participation remotely. It is conceivable
that student experiences with regards to this CDS project were impacted by the stress and
absenteeism that went along with the context of this semester. For example, one of the
challenges several participants shared was a lack of time in gathering data. Perhaps, in a
different semester where they and their peers were on campus more frequently and had
less absenteeism, this challenge may not have been an issue.
Time and Scope of Study Boundaries

Studying identity is complex and researchers in this field have different ideas on
how or whether it is even possible to measure a construct such as identity (Bell et al.,
2018). Tan (2019) explains in her research that she is not measuring identity but is
exploring it, research can capture identities only in a specific time and place. This study
focused on an approximately two-month period of time where participants were engaged
with a CDS project. The snapshot of identity from each participant may not tell the whole
picture and a person’s identity may not shift much on such a small time scale. Some
researchers utilize a storied identity methodology in order to capture participants’ past as
it relates to their current identity (Avraamidou, 2021). While that was beyond the scope
of this study, I did consider participants’ pasts in relation to their current identity with
respect to science in my results and analysis. This study is limited in showcasing and

analyzing participants’ current science identities.
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Future Research

One of the lofty goals for CDS is its potential to democratize science (Irwin,
1995). An interesting result found in this study was the excitement shown by participants
in using other CDS platforms in their personal lives as well as in their future classrooms.
Although CDS does have the potential to make science more accessible to all, many who
currently participate in these projects are predominantly white males with some college
attendance and individuals who already have an interest in a projects content (Mankowski
et al., 2011; Raddick et al., 2010). It would be interesting to study whether these
participants do take their knowledge and experience with CDS projects and platforms and
actually incorporate these into their future science classrooms. This could help CDS to
make science more accessible to all students if it is included in public school curriculum.
Currently there are a myriad of options available for classroom teachers to incorporate
CDS within their content learning, however there might be barriers to implementation,
for example, science teachers may not be aware of CDS or they may find it time
consuming to do on their own. This area of research, how classroom teachers incorporate
CDS and how engagement with CDS influences K-12 students has much potential.

Another interesting result found in this study is the lack of content learning
reported by participants. While this makes sense when thinking about the learning
objectives of the project and course in general, it does not fit with studies looking at
participant impacts within informal science environments. It would be interesting to study
the incorporation of a CDS project into a science content course at a university. Perhaps
if the project complimented or aligned with the set content knowledge learning objectives

of the course, students would gain science content knowledge along with science skills.
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Additionally, this may be a way for preservice teacher preparation courses who do not
necessarily offer a research methods course to undergraduates to expose their science
preservice teachers to CDS projects.

Erica was unique among the participants in that she did not evidence a robust
science identity at the onset of the project even though she is a science major.
Additionally, her post-survey scored did not increase even though she experienced
success with the CDS project. Current literature utilizing intersectionality lenses to
understand science identities showcase the need for researchers to look into other aspects
of science identity including the political and emotional nature of identity (Avraamidou,
2020; lbourk et al., 2022). It would be interesting to learn more about Erica’s reasons for
choosing and maintaining a major in a science field. Understanding more of what has
helped her achieve her current status as a science major and successful college student
may help researchers and practitioners to support all our science students and address
structural equity issues within both K-12 and higher education. Erica demonstrated
agency when it came to using the CDS apps and shared that she appreciates the nature of
community driven science and utilizes other apps introduced to her in the course. It
would be of interest to learn whether she does persist in using and sharing her knowledge
of these CDS apps going forward and if this helps encourage a more robust science
identity in her.

Final Thoughts

This study shows that engagement with a CDS project has the potential to foster

science identity development when practiced within the structure of a university course.

This experience allowed secondary science preservice teachers to practice their science
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skills and supported their learning of science practices such as data collecting and sharing
research. ldentities are formed in practice (Carlone & Johnson, 2007; Lave & Wenger,
1991) and can be fragile but, with continual strengthening, can become more stable
(Carlone, 2012). These participants showed evidence of practicing their science identity
by participating in this CDS project.

Community driven science is becoming more popular in informal and out of
school spaces. This study demonstrated that CDS can successfully be incorporated into a
formal science space and add to student learning of science skills. As programs prepare
secondary science teachers to effectively incorporate science practices and skills within
their future classrooms, CDS projects show promise in helping them understand and

experience the complexities and rigor of these science practices.
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Who can you contact if you have questions about the study or want to report an injury?

At any time, if you have questions about this study or wish to report an injury or complication
that may be related to your participation in this study, contact Megan Beckam at

mbeckam@unr.edu or 775-525-0957

Who can you contact if you want to discuss a problem or complaint about the research or ask
about your rights as a research participant?

You may discuss a problem or complaint or ask about your rights as a research participant by
calling the University of Nevada, Reno Research Integrity Office at (775) 327-2368. You may also

use the online Contact the Research Integrity Office form available from the Contact Us page of
the University's Research Integrity Office website.

Page 3of 4 08/10/2021

118



119

University of Nevada, Reno
Institutional Review Board
Approved on: September 1, 2021

Linssprsity of Nevada, fena

Agreement to be in study

NOTE: This section may NOT be split between pages.

If you agree to participate in this study, you must sign this consent form. We will give you a
copy of the form to keep.

Participant’s Name Printed

Signature of Participant Date

Signature of Person Obtaining Consent Date

Page 4 of 4 08/10/2021
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Appendix C: Semi Structured Interview Protocol

Semi-Structured Interview Protocol
Community Driven Science Project Experiences and Science Identity

Development Fall/Winter 2021

Pre-Interview: Obtaining Consent

Review the consent form with the participant. Collect the electronic signature
page.

“Thank you for agreeing to participate in this interview. Do | have your
permission to record this interview?

Begin recording after obtaining verbal consent.

“This is an interview with (name of participant) and today is (month, day, year).”

Interview Questions

1. Can you describe the guestion your group investigated in the community driven
science project?
a. Was this the question that you wanted to investigate?
b. How much of an influence did you have over your group’s question?
2. How much background knowledge did you have regarding phenology before you
began the project?
a. Were you interested in this topic or subject before beginning the project?
3. What were your main tasks during the project?
4. Did you experience any challenges while doing the project?
a. What did you do when you struggled?
5. What aspects of the project do you feel you were successful at?
6. What do you feel are your main learning take-aways from participating in this
project?
7. What did you enjoy about this project?
a. What did you not enjoy about this project?
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8. Do you think you might do something like this outside of a school assignment?
Why or why not?
a. Do you think you might incorporate something like this if you taught
science in middle or high school? Why or why not?
9. Were there parts of the project where you felt like you were doing science?
a. Were there parts of this project where you felt that others viewed you as a
scientist?
10. Would you describe yourself as a ‘scientist’? Why or why not?
a. Did participating in this project change how you felt about yourself in
relation to science at all? If so, please explain.
11. In the pre- and post-survey you responded to I notice your scores... can you tell
me more about that?
12. What are your post-graduation plans?
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Appendix D: Pre- and Post-Survey

I am interested in your experiences in learning science. By filling out this questionnaire you will
help me to learn more about science education for future students. Make your best estimate for
each item and answer as many questions as possible. Thank you for your help.

Confidentiality: Your name and any other identifying information will not be included in any
reports, published or unpublished arising from this study.

Survey questions are taken from the PRISE: Persistence Research in Science & Engineering
developed and validated by Hazari et al. (2010).

Name (printed)

Signature

Date




Circle the number that indicates how much you disagree or agree with each of the following

statements:
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Disagree

Agree

| am interested in learning more
about science

1

6

I enjoy learning science

| see myself as a science person

My parents/relatives/friends see
me as a science person

My teachers see me as a science
person

I am confident that | can
understand science in class

I am confident that | can
understand science outside of
class

I can do well on exams in science

I understand concepts | have
studied in science

Others ask me for help in science

I can overcome setbacks in
science
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Appendix E: List of Assignments

Assignment

Brief Description

Student Learning Goals

Flipgrid post®

Community
Driven Science
(CDS)
Exploration

Flipgrid post”

Phenology unit
introduction
and mystery
plant
identification?

Local scientist
guest speaker
series

Students are given the prompts:
What does inquiry mean to
you? What do you think is
involved in research and what
role does research play in your
life?

Students investigate current
CDS projects both locally and
beyond by using internet
resources.

Students are given the
following prompts: How would
you describe community driven
science now that you have
explored multiple projects? Of
the projects you investigated,
which interests you the most?
Why? Briefly describe the
project and what you would do
as part of it.

Students work in groups to
brainstorm how they know
when a season is changing.
Whole class walking field trip
to the future phenology walk
site to identify plants. Students
return to class to share
observations and discuss
questions that came up during
observations.

Local scientists who work with
CDS projects or utilize data
from CDS projects share their
research with the class. Students
will be prompted to create and

Explain their current thoughts on
inquiry and research.

Share with peers and instructors
any prior experience they have
with research and explain how it
is relevant to them.

Summarize five current CDS
projects that interest them by
writing brief descriptions.

Explain their current
understanding of community
driven science to their peers.

Explain and describe a project of
particular interest to them.

Point out specific evidence of
seasonal changes and share
current level of understanding as
to what influences seasonal
change.

Identify plants, specifically red
maple and lilac, using field
guides.

Name some local CDS projects
that researchers are involved in.
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Assignment Brief Description Student Learning Goals
ask questions to better Reflect on what they want to
understand either the research know regarding local research
process, the CDS projects, or projects.
another area of curiosity.

Finding Students are given the tools to Practice identifying phenophases
phenology be able to identify various with photographs.
clues? phases for specific plants.
Practice using the Nature’s
Notebook data collection sheets.
Individual Students are given the prompts:  Reflect on their current state of
reflection Now that you have had understanding and current level of

assignment®

Scientific
journal reading
assignment

Introduction to
the phenology
walk

Phenology data
collection

opportunities to learn more
about phenology and have had
practice identifying species and
phenophases, how confident do
you feel in your ability to
collect data as part of a CDS
project? Explain your thoughts.
Do you feel that phenology is
an important topic to study or
research? Why or why not?
Explain. Going forward, what
questions do you have?

Students individually read a
published article focusing on
phenology. In groups they break
down the parts of the article to
better define and describe the
scientific investigative process.

The instructor leads the class on
the phenology walk which is on
campus and accessible to all
students. Students bring their
observation sheets or their
mobile phones to collect data.

Over the next six weeks
students will collect data from
plants along the phenology
walk.

confidence.

Defend their stance on whether or
not phenology is an important
topic to study and research.

Communicate any concerns or
questions they currently have
with the instructors.

Read a published scientific
journal article.

Describe the structure of the
article and explain how this
reflects the process of science.

Learn the route of the phenology
walk.

Practice making observations and
collecting data with their peers
and instructors available for help.

Collect scientific data at regular
intervals.
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Assignment Brief Description Student Learning Goals
Make scientific observations of
phenophases and record data
appropriately.

Canvas Two weeks into data collection  Evaluate their current challenges
discussion students are given the following and successes with this process.
post® prompts: What challenges are

Interpreting
data®

Independent
investigation

you finding in your
observations and/or data
collection? What successes are
you finding in your
observations and/or data
collection? Please respond to at
least one of your peers’
thoughts with either a
suggestion for them or a
question for them.

Students will utilize the
Nature’s Notebook Data
Visualization tool to analyze
and create their own graphs

One week into data collection
students are given a chance to
brainstorm all of the possible
research questions that they
could ask relating to the data
they are collecting. As a whole,
the class brainstorms a list of
possible questions and students
get into small groups to work
on a question of interest to
them. In their small groups they
make a specific plan to
investigate their question. Over
the next few weeks they collect
and analyze their data as a
group and. Each group will
report on their investigation in

Read and respond to their peers’
challenges and successes.

Analyze and describe graphs
specifically focusing on axis,
correlations, and predictors.

Practice using an online data set
to create their own graphs to
answer specific research
questions.

Practice the steps in the scientific
investigative process, specifically
they will ask questions, plan and
carry out an investigation, and
share their results in written and
verbal form.
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Assignment Brief Description Student Learning Goals
class and each individual will
write up a scientific report on

their work.
Self and group  Students will be asked to Reflect on their own learning and
reflection® describe in writing their contributions and those of their
contributions to the independent peers for the weeks long
investigation and to comment investigation.

on their peers’ contributions.

Flipgrid post®  Students are again given the Explain their current thoughts on
prompts: What does inquiry inquiry and research.
mean to you? What do you
think is involved in research?

& These lessons are adapted from the Driven to discover: Citizen science curriculum
guide (Thompson et al., 2018).

b This denotes specific reflection assignments that will serve as data sources.
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Appendix F: Example Memo

Sarah

Sarah is a fifth-year student double majoring in biology and secondary education.
After graduation she would like to teach ninth grade biology and maybe pursue a
master’s degree. She has had no research experience prior to this class and has struggled
in her academic science courses, she shares that she did not pass her cell biology course

that she was taking concurrently with Research Methods.

Overall Sarah’s post-survey scores increased in all three areas, interest, recognition,
and performance and competence. She began the course with no real research experience
and in her introductory Flipgrid post she discusses research in terms of teaching,
“learning how to do certain things in a classroom, knowing what works and what
doesn’t”. She shares that this experience allowed her to experience research first hand
unlike her other science courses where “you just sit there and learn.” As part of the CDS
project she shares that she felt like she was doing science “the whole time” and that she
felt like she was a scientist most when “looking at the trees and logging it into the app.”
Although she shares some struggles with using the app she overcame them and felt
successful overall with her part in the project. She gives a detailed description of her
tasks during the project on both her Inquiry 2 reflection assignment and in the interview

which tells me that she did engage in these aspects of the CDS project thoroughly.

A theme in Sarah’s in-class assignments and interview responses is her enjoyment
with the CDS project. She shares multiple times how this was a “very fun project to work

on.” She goes into detail in the interview, explaining that she enjoyed the topic and
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working with her group. She adds, “it felt kind of like an extracurricular type thing, like
you are just doing this for fun, science can be fun.” She suggests that something like this
be incorporated into lower level courses so that other pre-service teachers can learn about
CDS earlier and potentially incorporated the projects into their practicum lessons. When
asked to explain her excitement for using these CDS projects in a classroom she states, “it
makes it not so notes and lecture, it gives them (students) a little more freedom to do
something that could actually mean something because, who knows, maybe one of them
wants to go into a science field and now they’re getting this hands-on research experience
and maybe it would help them want to pursue it more.” Sarah is engaged by this style of

learning and would like to see it get incorporated into more science classes.

Sarah shared that she does not always do so well in other science courses and her
engagement with this project and the success she had with it appears to have given her
more self-confidence in her ability and understanding of herself in science. She explains,
“it gave me experience on how to do research and scientific things and learning how to
use different apps to help aid in the science part of experiments and research so | would
say it helped me see more to it and make me realize that I am actually a scientist.” She
commented in the interview that she usually never marks the highest number on surveys
because she feels there is always room for improvement so, for her to mark the highest
value in agreement on ‘parents/relatives/friends see me as a scientist’ and ‘my teachers
see me as a scientist’ she explains, “I would think that’s just because I must have felt
really good about what | was doing and so | guess you could say my self-confidence
played a part in how I viewed other people viewing me.” Her participation in this CDS

project gave her more self-confidence in science.
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Overall, Sarah’s participation in this CDS project positively influenced her science
identity. This gave her experience in successfully conducting research with a peer group,
engaged her with a different style of learning than she experienced in her other science

courses, and broadened her knowledge of ways to do science.



