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ABSTRACT

There is growing interest to develop programs and pedagogies focused on increasing
representation of underrepresented minority (URM) students within the scientific community.
URM students face many pedagogical, societal, and institutional barriers that lead to
disproportionately lower levels of entering and higher levels of attrition from Science,
Technology, Engineering, and Math (STEM) undergraduate programs. Student experiences
within a STEM learning environment play a large role in influencing participation and
persistence in science, and place-based education (PBE) is one pedagogical approach that aims to
increase student engagement with science. By allowing URM students to engage with scientific
concepts through their own knowledge systems, PBE can develop these students’ science
identity and nurture a sense of belonging within the science community. This dissertation
explored whether place-based elements of an early-credit, Hawaiʻi undergraduate research
experience, the Research Experiences in Marine Science (REMS) Program, influenced the
science identities of a program instructor and the student participants. REMS is a place-based
research curriculum hosted at the Hawaiʻi Institute of Marine Biology (HIMB) that targets URM
students transitioning from high school to undergraduate STEM programs. During REMS,
students are taught marine science methodologies and conduct novel, independent research that
draws upon the history, culture, and unique ecosystems of Hawaiʻi marine communities. The
author (a scientist who helped develop and deliver the REMS curriculum) presents a reflection
on her own science identity and research methodologies as they evolved through participation in
research communities that were rooted in Western scientific, critical place-based, and Hawaiʻi
educational frameworks. To examine the development of science identity in REMS student
v

participants, data on attitudes towards and conceptualizations of science and scientists were
collected before and after participation in REMS through written responses from pre- and postprogram open-ended survey items, images produced through pre- and post-program Draw-aScientist Tests, and post-program focus group interviews. Coding the instrument items revealed
that the combination of place-based elements and an authentic research experience shifted
students’ conceptualization of scientists to a “humanized” (e.g., relatable and less stereotypical)
construct. In observing professional researchers’ reactions to experimental success and failure,
and hearing first-hand accounts from instructor mentors overcoming challenges, students felt
validated in their own experiences. The emergence of these themes coincided with students
recognizing themselves as scientists, gaining confidence in their content understanding and
research skills, increasing interest in science as a subject and as a career pathway, and
recognizing how science affects their communities. Thus, this dissertation demonstrates how a
research program that emphasizes the cultural relevance of science and an inclusive
conceptualization of a “person of science” may contribute to URM students in Hawaiʻi
recognizing themselves as scientists and ultimately persisting in science careers.
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CHAPTER ONE
OVERVIEW

There is growing momentum in the United States to increase the diversity of those
entering science, technology, engineering, and mathematics (STEM) fields (Pierszalowski &
Bouwma-Gearhart, 2018). The US federal government has called for an increase in the number
of students receiving STEM degrees to maintain global competitiveness with an emphasis
focusing on underrepresented minority (URM) students (President’s Council of Advisors on
Science and Technology, 2012). Besides being more representative of American demographics,
diversity in STEM can lead to more efficient problem-solving and innovation in these highly
competitive fields (Hong & Page, 2004). Thus, science classrooms that promote the success of
students from diverse backgrounds benefits the students and the science community itself.
While diversity in the STEM graduate pool is necessary and beneficial, “many STEM
programs focus only on increasing representation and not on the institutional issues that are
barriers for many students, such as racism and sexism” (Linley & George-Jackson, 2013, p. 97).
Affirmative action is one such tool that has been used to increase representation in university
STEM programs, but URM students enrolled in these programs often have higher failure rates
which suggests that there are impediments to success within the programs themselves (Hill,
2017). Besides institutional racism and sexism, other specific social, academic, or structural
barriers may also include power disparities among groups of students, lack of access to
foundational education or qualified teachers, lack of representation of diverse faculty, or rising
tuition prices (Pierszalowski & Bouwma-Gearhart, 2018).
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Part of the difficulty in creating more inclusive science classrooms may also lie with the
epistemological practices and culture of science itself. As a methodology, science may be
perceived as utilizing “culture-free methods […] stress[ing] dispassionate, impersonal objectivity
and separation of the observer from the object of study” (Chinn, 2006, p. 370). Scientists pride
themselves on removing human biases from their objective analyses. In reality, science is
grounded within a specific cultural framework and claims of impartial objectivity mask practices
that invalidate ways of thinking that do not fit a specific Western, Euro-centric context. Thus, by
attempting to ignore or remove the social or human side of the curriculum, science education can
alienate the very students it is seeking to engage. This dissertation examines how science
curricula developed within a theoretical framework that emphasizes a critical pedagogy of place
may help to address these institutional barriers for URM in STEM.

Statement of the Problem
The theorists and developers of science curricula for the American classroom in the early
1900’s emphasized the practical applications of science in their efforts to promote the subject
(DeBoer, 2000). By the mid-1980s, however, in response to a perceived decline in educational
standards, the importance of standardized test scores and quantifiable achievements became the
goal of science education (DeBoer, 2000; National Commission on Excellence in Education,
1983). A shift in curricular focus towards national standards, along with the inherent scientific
methodological emphasis on culture-less objectivity, highlighted a science community
characterized by “white, masculine values and behavioral norms, hidden within an ideology of
meritocracy” (Carlone & Johnson, 2007, p. 1187).
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One of the driving factors for the underrepresentation of certain students in STEM fields
may be the incongruencies between their lived experiences and the culture of the science
classroom or the science community. Studies suggest students who already share cultural
similarities with (or have a similar identity to) the stereotypical scientist are more likely to
become a scientist than students who do not fit this narrative (Stets et al., 2017), while
marginalized students (women and underrepresented minorities) face a disconnect between their
personal, cultural identities and the identity of a “typical” scientist.
In Hawaiʻi, where this study took place, the number of URM students (particularly
Native Hawaiian and Pacific Islander students) enrolled in undergraduate and graduate programs
or working at a professional level in the STEM fields remains disproportionately low. Native
Hawaiian students account for the largest single ethnicity in Hawaiʻi Department of Education
(DOE) schools (26.4%), but in 2015 they accounted for only 14.1% of students enrolled at the
University of Hawaiʻi at Mānoa (UHM) (and were taught by a faculty with only 5.5% Native
Hawaiian representation) (Mānoa’s Racial and Ethnic Diversity Profile, 2016). In the 2018-19
school year, Native Hawaiians received 95 (or 9.2%) of the 1032 STEM undergraduate and
graduate degrees awarded by UHM (University of Hawaiʻi System Institutional Research and
Analysis Office). To encourage greater enrollment and persistence for URM in STEM, a placebased science curriculum developed within a critical framework is a promising pedagogical tool
that provides a learning environment that builds upon the diverse, lived experiences of Hawai‘i’s
underrepresented students and helps to empower otherwise marginalized students by validating
and celebrating their ways of knowing (Gruenewald, 2008; G. Smith, 2008).
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Research Questions
The purpose of this dissertation is to explore the interaction between sources of science
self-efficacy in a place-based marine science research curriculum and the science identities of
both student-participants (who often find their localized knowledge at odds with a standardized
science curriculum) and scientist-teachers (who are often trained to practice science in a strictly
operationalized and objective manner). To examine these relationships and shifting constructs,
the research is guided by the following questions:
1. What are the structural elements of a place-based science curriculum?
2. How is science self-efficacy operationalized in a place-based, marine science curriculum?
3. In what ways does development of and participation in a place-based science curriculum
influence the professional and pedagogical methodology of the scientist-teacher?
4. Are the constructs of science identity shifted in Hawaiʻi students after participating in a
place-based, experiential research program?
5. Does recurrent exposure to place-based research communities and practices affect student
science identity over time, especially during the high school-undergraduate transition?
6. What are the potential cognitive mediators that link science self-efficacy and student science
identity constructs for Hawaiʻi students in a place-based, experiential marine science research
program?
7. Which elements of a place-based, experiential marine science research program do Hawaiʻi
students value in the development of their student science identity?
8. How does the conceptualization of a “person of science” influence Hawaiʻi students’ selfrecognition as scientists?
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Outline of Chapters
The chapters of this dissertation include upfront foundational chapters (Chapters Two,
Three, and Four which present a literature review, pedagogical context, and discussion on
methodological design) culminating in two studies (Chapters Five and Six). This format was
chosen as best suited to present the information due to the interdisciplinary nature of the research
and the author’s experience as a scientist and a scientist-teacher.
Chapter Two provides the conceptual framework of this dissertation and defines the
theoretical constructs used throughout the design, execution, and analysis of the studies. It
presents a literature review that focuses on the concept of a critical theory of place as it regards
science education in the American classroom. The multi-dimensional construct of place is
examined using Gruenewald’s framework as a baseline and further defined and elaborated for
the purposes of this dissertation. The chapter concludes with a description of the physical,
historical, and cultural context students experience at the Marine Science Research Learning
Center (MSRLC).
Chapter Three describes practices derived from place-based pedagogies and efficacy and
identity theories operationalized within a marine science research program curriculum. The
chapter provides an overview of the Research Experiences in Marine Science (REMS) Summer
Program which includes the learning environment for the participants in this study. A detailed
example of one of the program modules is presented through an article that has been published in
the Journal of Biological Education. The chapter also introduces cognitive models for student
self-efficacy and identity in science. The studies in the final two chapters use identity theory as a
lens for examining the impacts of student participation in place-based research programs that
operationalize sources of self-efficacy as developed from social cognitive career theory. This
5

chapter addresses two research questions: (a) What are the structural elements of a place-based
science curriculum? and (b) How is science self-efficacy operationalized in a place-based,
marine science curriculum?
Chapter Four takes the form of an autoethnography as the author discusses the concept of
the project through her experiences in navigating the scientific community and her own shifts in
science identity. This chapter also explains how the integration of several methodologies shaped
the development of the dissertation’s conception and research design. As well, it answers the
research question: In what ways does development of and participation in a place-based science
curriculum influence the professional and pedagogical methodology of the scientist-teacher?
Chapter Five, the first of two studies exploring student marine science identity, describes
how the researcher examined the development of student science identity before, during, and
after participation in the REMS program. Content quizzes and online survey questionnaires are
used to explore the constructs of recognition, interest, competence, and performance in student
marine science identity. This chapter utilizes quantitative methods in a longitudinal study to
measure pre- and post-program shifts in the identity constructs within and between student
groups based on established student science identity frameworks. This chapter also addresses the
research questions: (a) Are the constructs of science identity shifted in Hawaiʻi students after
participating in a place-based, experiential research program? and (b) Does recurrent exposure to
place-based research communities and practices affect student science identity over time,
especially during the high school-undergraduate transition?
Chapter Six uses a mixed methods analysis of several instruments to identify constructs
that may mediate science identity development in Hawaii students, and to design a modified
framework for the development of marine science identity. The instruments used for this study
6

include open-ended survey items, semi-guided focus group interviews, and student-drawn
images of scientists. The participating students were invited to influence the analysis of the data
collected during the research project through student-facilitated analyses of program artifacts
during the focus group interviews. Use of multiple qualitative instruments and the incorporation
of student-lead analyses provides the researcher additional insight to identity themes introduced
in the previous chapter’s analysis of Likert-score survey responses. This chapter addresses the
remaining research questions: (a) What are the potential cognitive mediators that link science
self-efficacy and student science identity development for Hawaiʻi students in a place-based,
experiential marine science research program? (b) Which elements of a place-based, experiential
marine science research program do Hawaiʻi students value in the development of their student
science identity? and (c) How does the conceptualization of a “person of science” influence
Hawaiʻi students’ self-recognition as scientists?
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CHAPTER TWO
CRITICAL PLACE-BASED SCIENCE PEDAGOGY AND
THE MARINE SCIENCE RESEARCH LEARNING CENTER

The definition of place-based education (PBE) can be as difficult to hone as the concept
of place itself. The construct of place “is highly situational and has specific meaning arising from
[…] unique cultural and social identities. It is just such attributes that make place-based
education appealing, and potentially powerful, pedagogically” (Dentzau, 2014, p. 166). In one
description of PBE, Sobel writes:
Place-based education is the process of using the local community and
environment as a starting point to teach concepts in language arts, mathematics,
social studies, science and other subjects across the curriculum. Emphasizing
hands-on, real-world learning experiences, this approach to education increases
academic achievement, helps students develop stronger ties to their community,
enhances students’ appreciation for the natural world, and creates a heightened
commitment to serving as active, contributing citizens. Community vitality and
environmental quality are improved through the active engagement of local
citizens, community organizations, and environmental resources in the life of the
school. (2004, p. 6)
PBE, which integrates a deliberate consciousness of this concept of place in the curriculum
(Semken & Brandt, 2010), has been described as an “education grounded in local phenomena”
(Samaniego, 2012, p. 3), and an experiential and interdisciplinary way of learning (Semken &
Freeman, 2008). The point of this pedagogy is that, for the sake of the students, learning should
8

not be limited to a culturally sterile classroom within the school building. As students’ lives
continue beyond the classroom, so should their learning environment. Community engagement
practices, such as utilizing place-based pedagogy, impart a sense of local responsibility and can
engage students who might not otherwise see the real-world need for education (Nespor, 2008;
Samaniego, 2012). The beauty and practicality of utilizing place-based education are that the
foundations for learning and communicating are inherent in the participants due to their intrinsic
relationship with a particular place. Becoming a teacher with a rooted sense of place1 benefits the
teachers, their students, and their communities. This chapter reviews a multidimensional
definition of the construct of place and seeks to identify the key elements of a critical, placebased curriculum within the field of science2.

1

“Sense of place […] is the combination of all meanings and attachments that an individual or

community affixes to a place. Sense of place encapsulates the relationship of humans to places”
(Semken & Brandt, 2010, p. 288). Thus, sense of place is a construct that describes a human’s
connection with the physical and cultural aspects of a place and influences perceived value of
attachment to and responsibility for a place. In the science classroom, a teacher with a sense of
place acknowledges the components of place beyond the science content (e.g., location of
classroom, ethnicity of students, historical interactions between researchers and the local
community) and reflects on their own relationship with that place in order to nurture a
meaningful learning experience with students.
2

For this chapter, “science” generally refers to the Western Euro-/Americentric, systematic,

academic study of the natural world through observation and experimentation, following the
scientific method, formalized about 200 years ago.
9

Gruenewald’s Theory of Place
Gruenewald (2003) discusses five “dimensions of place” that help to bring form to the
amorphous and vague idea of what place could mean for those practicing place-based education
(PBE). These dimensions are the: (a) perceptual, (b) sociological, (c) ideological, (d) political,
and (e) ecological dimensions. He describes place in this way because the construct of place is as
complicated and as dependent on relationships as the very people who attempt to define the term
(Gruenewald, 2003; Semken, 2005; van Eijck & Roth, 2010; Wakeman, 2015). Gruenewald’s
five dimensions of place are examined here, followed by the introduction of a sixth dimension
(Cosmological Place) that was purposefully incorporated into the pedagogical framework of this
dissertation.

The Five Dimensions of Place
Gruenewald (2003) highlights a distinction between place as a point on a map, and place
as a human experience. In Gruenewald’s framework, place should be seen as so much more than
a simple cartographic label. He emphasizes that “[j]ust as place cannot be reduced to a point on a
grid, neither can space, which has taken on metaphorical and cultural meanings that describe
geographical relationships of power, contested territories of identity and difference, and aesthetic
or even cybernetic experience” (p. 622). In the following paragraphs, descriptions of each of the
dimensions of Gruenewald’s philosophy of place will be discussed with relation to their roles in
science pedagogy.
The Perceptual Place
Gruenewald states that “places are the ground of direct human experience” (2003, p.
623). Our senses (which are also colloquially grouped into five categories: sight, sound, smell,
10

taste, and touch) are the windows or filters through which we observe and experience the world,
and as such, humans have a “participatory relationship with other phenomena through the
multisensory perception of direct experience” (p. 624). At its heart, scientific epistemology is
also rooted in the ability of humans to use their senses to observe and experience phenomena.
The act of questioning in science arises from analytical observations of the natural world.
However, science curricula are often constrained to a sterile laboratory environment or textbooks
with highly controlled experiments. Gruenewald describes how this standardized setting affects
how students perceive phenomena and disassociates them from their local environment:
A spatial analysis of schooling reveals that its most striking structural
characteristic is the enforced isolation of children and youth from culture and
ecosystem. […] Because the structures and processes of schooling are based on
institutional patterns of isolating teachers and students from places outside school,
one can claim that schools limit experience and perception; in other words, by
regulating our geographical experience, schools potentially stunt human
development as they help construct our lack of awareness of, our lack of
connection to, and our lack of appreciation for places. (2003, p. 625)
A place-based science classroom should not limit itself to the windowless laboratory.
Students should be encouraged to develop their perceptual acumen by allowing their eyes and
ears to experience the vibrant natural world in which they live.
The Sociological Place
The second dimension of place described by Gruenewald is sociological. He describes
places as inherently social and deeply tied to cultural and personal identities. As an example of
humans being inextricably linked to a place, he references Henry David Thoreau, who spent time
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living in seclusion by Walden Pond in Concord, Massachusetts to use nature to gain insight to
the human condition. He also cites Irish poet Seamus Heaney, who described how Irish place
names are rich with associative ideas. Just as Thoreau turned towards nature to learn about
himself, Gruenewald argues that places “produce and teach particular ways of thinking about and
being in the world” (p. 627).
Without a sense of place, students can feel apathetic towards environmental issues or
stewardship of their homes (Semken & Freeman, 2008). Alternatively, researchers or resource
managers lacking a sense of place for a community or environment may adopt economically- or
selfishly-driven protocols and programs, instead of developing holistic ecological or social,
approaches to their practices (Semken, 2005). It is the members of a community who give life to
a place, and as simultaneous creators and participants of that place, those members have a
responsibility to their community. When students learn science through a cultural lens,
particularly the culture of their local community, the content becomes more salient and students
report more positive learning experiences (R. E. W. Thomas et al., 2014). Place-based education
strives to rekindle this relationship between student and place while fostering pride and
ownership.
The Ideological Place
According to Gruenewald, the ideological dimension of place refers to a place’s
hierarchy structures, or how a place is composed within a society’s system of ideals. This
organization is not necessarily of a geographical context (e.g., country, state, city), but may
manifest in physical spatial variances. For example, Gruenewald describes the concept of private
property as a “spatial expression of power and surveillance that we have obediently internalized
to make the actual exercise of power unnecessary” (2003, p. 630). With social structures in
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which there is an uneven distribution of power, a place may be riddled with uneven
development, uneven material possession, or uneven spatial organization of authority.
When developing place-based ideologies through a critical lens, researchers and teachers
must acknowledge these power imbalances which often culminate in the colonization and
displacement of cultural groups with less power (including in the classroom, where the teacher
holds power of authority over the students). Fortunately, the classroom is a powerful platform
through which to transform the organization of place, physically and socially. Smith describes
the potential effects of a critical, place-based classroom:
Ideally, critical place-based education could help prepare increasingly more
young people under the sway of ecologically and socially destructive modern
institutions to develop the ability to decolonize and re-inhabit. These students
could—in fact, must—include children of citizens in industrial societies who
themselves have been colonized by their own elites. By learning what to conserve
and protect and how to critique and adapt, coming generations may be able to
respond to the social and environmental challenges of coming decades in ways
that could result in more humane and ecologically sustainable societies. (2008, pp.
351–352)
The Political Place
Issues of identity and difference are highlighted in the political dimension of place. A
critical pedagogy of place recognizes that the classroom plays a role in the “global context of
power, struggle, and resistance” (p. 631). As such, a place-conscious education should seek to
embrace a multiculturalism that challenges a standardized political or social center. Gruenewald
elaborates on this point:
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Conventional educational thinking and policy claim that enforcing uniform
standards everywhere is a social justice issue, that it will empower marginalized
groups and individuals and move them into the center of main- stream society.
[Those] interested in the politics of difference suggest that developing more just
social relationships depends, rather, on identifying and learning from those diverse
communities of resistance that have not chosen to move toward the center but have
been nurtured by the margins to think and act in ways that counter social
domination. (pp. 632-633)
A nationally standardized curriculum that does not allow for local cultural influences may
lead students to view their personal worldview as invalid and further alienate demographics
already underrepresented in certain fields (e.g., the sciences) (Ardoin, 2006; Brown, 2006;
Dentzau, 2014). A place-based pedagogy decentralizes a curriculum and brings the authority of
education back to the communities in which the students live.
Western science is also finally recognizing the importance of diversity, not only of its
participants, but also of their ideas in seeking knowledge about the natural world. Thus,
researchers are beginning to listen to marginalized voices to better inform their (the researchers’)
practices. For example, scientists have begun collaborating with Indigenous researchers to better
inform limnological modelling (Laborde et al., 2012), reflect on the pragmatic applicability of
scientific epistemologies (Lauer & Aswani, 2009), understand historical accounts of climate data
(which may only be available to specific local communities), and develop management
techniques to face the unknown dangers of contemporary climate change (Cochran et al., 2013).
Specifically in Hawaiʻi, “ecomimicry” has been proposed as a framework reflecting Native
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Hawaiian social-ecological systems for culturally-responsive ecosystem-based management that
benefits researchers, resource managers, and local community members (Winter et al., 2020).
The Ecological Place
In defining “place”, Gruenewald focuses on sociological constructs, but he also
acknowledges the significance of the physical, geographical aspect of place. The field of ecology
is a large branch of science that focuses on and derives its name from ecological phenomena, so
it is perhaps not surprising that a greater connection with the physical environment is often the
dominant, if not only, aspect of place in place-based science classrooms. This dimension, which
is grounded in the natural (i.e., physical) world, may also be the most relevant for many science
teachers, especially those in biological or environmental fields, to initially incorporate into
science curricula. However, the ecological dimension is just one facet of place and educators
(and researchers) would benefit from integrating the concept that the physical place shapes and is
shaped by the people living there.
In exploring early theories combining the ecological and cultural aspects of place (in
Euro-American literature), Gruenewald discusses bioregionalism. Those practicing
bioregionalism “seek to revive, preserve, and develop cultural patterns in specific bioregions that
are suited to the climate, life zones, landforms, and resources of those regions” (p. 634). The goal
of this philosophy is to increase a community’s stewardship by increasing awareness of the
resources locally available and how those resources were utilized or disposed of. But,
Gruenewald also recognizes that this way of thinking may challenge some educational
institutions that are more aligned “with global economic practices, [and] refuse to acknowledge
the existence of ecological limits and the significance of ecological well-being” (p. 634).
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Integrating aspects of the local physical environment and ecological systems has been
shown as effective in helping students to develop a sense of place (Kuwahara, 2013; Membiela et
al., 2011), but when working in areas with difficult and troubled histories (e.g., colonized lands
with displaced Indigenous people) or working with marginalized communities, the environment
should not be viewed as a pile of resources for our personal use. Recognizing a deeper
connection with the environment can develop students as responsible stewards within the context
of their home communities.

The Sixth Dimension: Cosmological Place
It is important to keep in mind that each of these dimensions are not stand-alone nor
independent of each other – they are all interconnected and part of a holistic understanding of the
construct of place. To complete the theoretical framework for this dissertation, I include a sixth
dimension – the cosmological place – as a grounding construct that emphasizes the connections
among the other dimensions. A model that illustrates the dimensions of place with the
cosmological place at its center can be seen in Figure 2.1. This interplay between dimensions, in
which humans participate as creators and inhabitors of the place, has been described as having
theoretical origins in “primeval cosmology” (Gruenewald, 2003, p. 622), and philosophical roots
in the construct of place in both Western literature and Indigenous knowledge systems. In other
words, humans build a sense of self or sense of place on a foundational beginning that affects
and relates all aspects of the human experience.
Places are fluid. They are created and developed by participants through the previously
defined perceptual, sociological, ideological, political, and ecological dimensions. But even with
this inherently transitory characteristic, cosmology is a grounding force that reminds us of shared
16

beginnings (and futures) and sustained relationships. However, in the science classroom, the
cosmology of the physical world and the anthropological experience are often presented as
separate entities. Humans were not present for the Big Bang, evolution is based on random
mutations, and natural resources are raw materials for human engineering. This Western
epistemology is often seen at odds with Indigenous knowledge systems that emphasize a sacred
respect of the natural world, “due to indigenous peoples’ relationships and responsibilities
towards nature” (Zidny et al., 2020, p. 147). Indigenous genealogical histories, such as Hawaiian
mele koʻihonua, celebrate the connections between humans, animals, plants, earth, and sky –
connections and relationships that, if sustainable, allow life and society to flourish. The
Kumulipo, the most well-known Hawaiian comogonic geneology, is a story that was a source of
mana and legitamacy for ruling aliʻi, was used as a tool of political resistance in the face of
foreign oppression, and gives a history of interrelatedness for all the plants, animals, humans,
and spirits of Hawaiʻi (Oliveira, 2014). In describing the emergence of light, life, and land from
darkness through themes of struggle and harmony, it establishes relationships and provides
insights to the foundational epistemologies of a Kanaka worldview.
In Hawaiʻi, recent clashes between cultural and scientific practitioners have highlighted
the need for researchers to acknowledge and respect the communities in which they work.
International headlines have described the on-going conflict for space atop Mauna Kea on the
island of Hawaiʻi (Witze, 2020). The mountain (the highest in the world, as measured from its
base on the sea floor) is a unique expression of the sacred connection between the land and the
sky. Unfortunately, the lofty summit and clear atmospheric conditions which contribute to its
cultural importance also present a highly suitable physical locale for constructing the Thirty
Meter Telescope, the first of a new class of “extremely large” telescopes (https://www.tmt.org/).
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In another controversy, researchers from the University of Hawaiʻi attempted to patent
cultivars of kalo, against the explicit wishes of local kalo farmers and practitioners (Gugganig,
2017). In Native Hawaiian cosmology, the importance of kalo goes much deeper than its critical
use as a food crop. Kalo is the stillborn who was buried before the birth of Hāloa, the ancestor of
humans. Hāloa was taught to revere his older brother who came before him and nourished him.
Generations of humans thus cared for the generations of kalo that fed them. And so, when the
scientists described the seemingly altruistic purpose of their genetically modified cultivars to
protect farmer’s crops (ignoring for a moment the royalty fees the university sought from those
selling the crops), they failed to acknowledge this cosmological relationship (Gugganig, 2017).
Asking the farmers to replace their kalo with genetically modified kalo was akin to asking them
to replace their brother with a stranger.
The cosmological dimension of place allows us to recognize that humans are part of a
larger story (part of universe, not separate or dominant) and that we have shared histories (and
futures) with the places we inhabit. Although often overlooked, perhaps there are hints at a
deeper cosmological connection even in Western science concepts. For example, organism
physiology and behavior are driven by the environment, all creatures utilize the same basic
genetic building blocks, different species share common ancestors, and biodiversity shapes and is
shaped by the physical environment. In developing a critical place-based pedagogy, which
nurtures decolonization and reinhabitation, meaningful cosmological grounding is integral to
revitalizing the social and cultural identities of students of all backgrounds in the science
classroom (Zidny et al., 2020).
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Place in the Hawaiʻi Science Classroom
Science, as a distinct subject, was incorporated into formal schooling in the US in the 19th
century. It was championed as a practical subject, being relevant to everyday life, and for
promoting intellectual independence for all students (DeBoer, 2000). However, as the desire for
global competitiveness and quantitative assessment increased, the focus of the science
curriculum shifted towards standardized testing and lists of content knowledge (DeBoer, 2000).
The disconnect between students and their physical or cultural environments, which has inspired
researchers to coin the term “nature-deficit disorder” (Louv, 2008), can be striking. For example,
Wakeman (2015) describes a situation wherein a teacher recalled asking students who lived
within a river’s flood plain to raise their hands if they lived near the river. No students raised
their hands. Semken (2005) describes a “cultural discontinuity” between what the students
experience in the science classroom and what they experience in their home communities which
he suggests is a major barrier for underrepresented students persisting in STEM fields, even for
students from communities that nurture a culturally strong sense of place.
Classrooms that serve Indigenous student populations in particular should be mindful of
pedagogies that are founded on Western epistemologies that emphasize concepts of ownership
and domination (Seawright, 2014). Critical place-based education, as a pedagogy whose goal is
to “go against the epistemic grain” (Seawright, 2014, p. 562), may provide a framework for
decolonizing education in order to empower marginalized students. Māori scholar and placebased eduaction advocate Wally Penetito (2008) described three key propositions that determine
whether a place-based pedagogy is consistent with Indigenous worldviews:
(a) For indigenous peoples, a sense of place is a fundamental human need;
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(b) Indigenous peoples formalize the relationship between themselves and their environments
as cohabitors; and
(c) A pedagogy capable of embodying ways of knowing and being cannot be sustained
without some sense of consciousness that encompasses, in Māori terms, wānanga which
is a conscious union of mind and spirit (p. 20).
Recognizing, understanding, and embracing relationships and personal interconnectedness are
critical pillars in the foundation of Indigenous worldviews and Indigenous ways of knowing as
well as critical place-based pedagogies. Through connections with place, students are given the
opportunity to “recognize and begin to navigate [their] own pathways to kuleana (i.e., [their]
rights and responsibilities to [their] people, places, and communities)” (Saffery, 2015, p. 111).
Curricula that embrace place-based education can give students better senses of practical
applications for their knowledge outside of the physical classroom (van Eijck & Roth, 2009).
Many concepts of science literacy are applicable to other disciplines or aspects of everyday life
(observation, critical thinking/writing, problem solving), but students have difficulty integrating
these important skills without a clear connection to their own experiences.
Some scientific content areas, such as biology, ecology, or environmental science,
present a convenient platform for integrating place-based pedagogy with rigorous scientific
methodology, as these content areas highlight the importance of interconnectedness and
relationships. For example, dynamics of food webs, the effects of pollution on ecosystems, and
the adaptations of unique, endemic species are all examples of biological concepts that reflect the
importance of relationships in place so important to place-based education. Hawaiʻi offers a
unique environment, both biologically and socially, to utilize place-based education for science
teaching and learning because cultural and environmental integration are vital to the Hawaiian
20

sense of place (Samaniego, 2012). Native Hawaiian students face high rates of attrition and low
representation in STEM academic and career pathways, but place-based education that is
culturally grounded, relevant, responsible, and sustainable helps to empower these
underrepresented voices (Hadfield et al., 2016; Kanaʻiaupuni & Kawaiʻaeʻa, 2008; R. E. W.
Thomas et al., 2014). Place-based pedagogy helps to connect students with their local
environment and can engage students who might not otherwise be interested in scientific fields.
For Hawaiʻi place-based curricula, Kapā Oliveira (2014) outlines nine (9) “sense abilities” that
may be engaged in order to develop a student’s sense of place: sight, listening, touch, taste, smell
(what we perceive and understand through our physical senses); naʻau (what we sense in our gut
or intuition); kulāiwi (awareness of intimate connection to place); au ʻāpaʻapaʻa (concept of
ancestral time); and moʻo (a series or culmination of knowledge and experience). Place-based
science classes in Hawaiʻi might include use of Hawaiian animal names or field trips to a local
watershed (Kuwahara, 2013). In our own program, modules incorporate the use of indigenous3 or
endemic Hawaiian species, moʻolelo and ʻōlelo noʻeau, access to cultural practitioners and
resource managers, and experiential field work in tropical coral reef ecosystems.

3

As used here, “indigenous” is a technical term used by ecologists to denote organisms naturally

found in a specific habitat (e.g., without anthropogenic introduction). Used in this context, the
word is not capitalized.
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Moku o Loʻe and the Marine Science Research Learning Center: A Place for Science
Education
This section will provide a brief historical, cultural, and physical description of the place
in which this study is conducted. The Marine Science Research Learning Center (MSRLC), our
laboratory classroom, is located on an island offshore of Oʻahu, Hawai’i named Moku o Loʻe
(Figure 2.2). Moku o Loʻe is a basaltic remnant of a volcanic caldera on the eastern shores of
Oʻahu that flooded after a massive landslide over one million years ago (Jokiel, 2004). The
rubble from this landslide can still be observed stretching nearly 140 miles into the ocean.
Kāneʻohe Bay, which formed as a result of this flooding event, is the largest sheltered
water system in the main Hawaiian Islands (Jokiel, 2004) and provides the structural
environment for fringing, barrier, and patch coral reef systems. In pre-industrial times, a thriving
agricultural and aquacultural network of loʻi kalo and loko iʻa existed that fed a population larger
than the approximately 35,000 people currently living in Kāneʻohe (Bahr et al., 2015).
Moku o Loʻe and the surrounding ahupuaʻa4 have a rich cultural history and the related
legends describe a colorful spiritual and physical world. Heʻeia, the ahupuaʻa in which Moku o
Loʻe is situated, is associated with Hawaiian moʻolelo about the beginning of life (i.e., creation
of man from mud on the Mōkapu peninsula on the northeastern corner of the ahupuaʻa) (see
Figure 2.3) and the end of life (Heʻeia was a leina a ka ʻuhane where souls would leap to the

4

The traditional Native Hawaiian land division system is based on political and ecological

features of the islands and divisions range in size from whole islands (mokupuni) to individual
neighborhoods (ʻili). The ahupuaʻa is a medium-sized division that typically runs from the
uplands down to the shore and accompanying reef areas.
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afterlife, either from Heʻeia kea if they were good, or Heʻeia uli5 if they were bad (Klieger,
2007)). Moʻolelo also describe the exploits of a group of three (3) brothers, Kahoe, Kahuauli,
and Pahu, and their sister, Loʻe, who were banished from the Western side of Oʻahu and settled
around Kāneʻohe (Klieger, 2007). Kahoe and Kahuauli were farmers and worked land in the
valleys and wetlands. The mountain peak Keahiakahoe, which is often covered by mist rising
from the valley, is named after Kahoe’s attempts to hide his cooking fires from his brother Pahu
– a selfish fisherman. Loʻe, the sister who gathered limu, lived on her own little island, which is
now called Moku o Loʻe.
Throughout its history, Moku o Loʻe has been associated with many prominent
individuals. Originally owned by the royal family of the Kingdom of Hawaiʻi, after the Great
Mahele the island was leased and then owned by Abner Paki in the mid-1800’s (Klieger, 2007).
Bernice Pauahi Bishop received the island from her father in 1858, and after planting several
large coconut trees for a luau in honor of Queen Emma, the island adopted its English name,
“Coconut Island” (M. Heckman, personal communication, September 20, 2017).
During the 20th century, the island’s ownership and designated purpose continually
changed. In the 1930’s, the island was owned by the Fleishman Yeast heir Christian Holmes II
who utilized it as his private home (Figure 2.4). Between the 1940’s and 1960’s, the island
switched hands between the Holmes Estate, the U.S. Government, the government of Hawaiʻi,
and a board of businessmen to be developed as a retreat for veterans of World War II and as a

5

To reach Moku o Loʻe, one must take a boat. I hope the reader will share my amusement that

staff, students, and researchers (myself included) all arrive via the boat which ironically departs
from Heʻeia uli peninsula.
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resort away from the bustle of Waikīkī (Klieger, 2007). Figure 2.5 shows the development of the
island in 1962. Wealthy and politically powerful Edwin Pauley and his family owned the island
from the mid-1960’s through the late 1980’s and began the development of the Hawaiʻi Institute
of Marine Biology. By the late 1990’s, the island was transferred to the University of Hawaiʻi
(Klieger, 2007). Today, buildings that were once retreats and private homes are used as
educational and research facilities for the Hawaiʻi Institute of Marine Biology (HIMB; Figure
2.6). The facilities6 house laboratory space for 25 full-time faculty from the University of
Hawaiʻi at Mānoa and dozens of cooperating, associated, and emeritus faculty.
HIMB’s unique location surrounded by tropical coral reef on Moku o Loʻe provides
ample opportunities for utilizing place-based pedagogies for the Science Inquiry Education
Program (SIEP) at the Marine Science Research Learning Center (MSRLC) on the island (Figure
2.7). The MSRLC plays host to thousands of visiting researchers, students, and community
members each year. Programs offered include school field trips, tours of Moku o Loʻe, internship
opportunities, and overnight excursions.
The marine environment surrounding Moku o Loʻe has undergone several significant
changes due to Western contact and development, and although restoration efforts by researchers
and the community are underway, Kāneʻohe Bay still struggles with a difficult ecological past
(Bahr et al., 2015). One physical impact human development has had on the bay is extensive
dredging and filling efforts (Figure 2.8). For example, sections of reef surrounding Moku o Loʻe
were either dredged or filled in by Christian Holmes II to artificially double the size of the island
(from 14 to 28 acres). Large sections of coral reef throughout Kāneʻohe Bay were dredged to

6

http://www.himb.hawaii.edu/
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provide a navigation channel for large boats heading to the United States military base on
Mōkapu Peninsula. Finally, many wetland areas and traditional Hawaiian fishponds along the
shores of the bay were filled in by private developers and government entities to increase land
for commercial and residential use.
The bay also struggled with inefficient waste-management practices throughout the 20th
century (Jokiel, 2004). Sewage outflow from Kāneʻohe and the surrounding areas was dumped
into the southern part of Kāneʻohe Bay until the late 1970’s. The daily dumping of millions of
gallons of wastewater over decades changed the chemistry and ecological composition of the
bay. The outfalls were relocated in 1979 to deeper waters off the coast of the Mōkapu Peninsula
and dramatic improvements in ecosystem health were noted, including a doubling of healthy
coral cover in the four (4) years following the outfall relocation (Hunter & Evans, 1995). There
are still lasting effects from the excess nutrient load from sewage outflow including algal blooms
and loss of historical oyster beds, and effects from natural perturbances including freshwater
flooding and temperature-driven coral bleaching events (Bahr et al., 2015).
Fortunately, in recent decades the local community has partnered with government
agencies to mitigate some of the impacts of Western development and encourage culturally
relevant practices and sustainable resource management. In 1993, the Kāneʻohe Bay Regional
Council was established by the Hawaiʻi state legislature to facilitate cooperative management
among researchers, fishermen, and state and community stakeholders and act as a repository and
disseminator of information on private and public activities in the bay.7 Another important
example of this effort to sustainably manage resources within the bay is the designation of a new
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http://dlnr.hawaii.gov/dar/kaneohe-bay-regional-council/
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National Estuarine Research Reserve (NERR) in the Heʻeia ahupuaʻa in 2017 (Figure 2.9). The
Heʻeia NERR8 is managed in partnership between the United States federal and State of Hawaiʻi
governments through HIMB on Moku o Loʻe. The aims of this collaboration are to encourage
research, education, stewardship, and cultural practices unique to the Heʻeia watershed. Under
the NERR System-Wide Monitoring Program (SWMP), research within the reserve focuses on
incorporating contemporary and traditional research and monitoring methods to provide
information on phenomena such as biodiversity, water quality, and land-use data in Heʻeia. The
education program develops place-based curricula for the Teachers on the Estuary (TOTE)
program and the K-12 Estuary Education Program (KEEP), and also works in collaboration with
established education programs from HIMB (such as those highlighted in this dissertation) and
other local ecological-based and culturally-relevant education programs (such as those offered
by Paepae o He‘eia9 and Kako‘o ‘Ōiwi10). The stewardship program was developed to support
the community’s involvement in the reserve’s management and facilitates activities such as
wetland restoration, loʻi kalo farms renewal, and restoration of the Heʻeia fishpond.
Moku o Loʻe’s cultural backdrop, rich history, and location within the Heʻeia ahupuaʻa
provide a distinctive environment to integrate scientific research and place-based educational
practices. Although Kāneʻohe Bay, of which Heʻeia is a part, has faced several challenges due to
human impacts throughout its history, the mitigation efforts led by an enthusiastic local
community, researchers, and educators, gives hope for the future. The following chapter provides

8

https://oceanservice.noaa.gov/news/jan17/new-hawaii-reserve.html

9

paepaeoheeia.org

10

kakoooiwi.org
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an example of a place-based marine science curriculum developed in this unique place that
begins to integrate the historical, cultural, and ecological dimensions of Moku o Loʻe.
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Figure 2.1
A Model of the Dimensions of Place
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Sensory
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Note. A conceptual model of the constructs of place, based on Gruenwald’s (Gruenewald,
2003) theory of place. The overlapping “petals” of this pua-style model reflect the overlapping
nature of each of the constructs. Cosmological place is featured in the center of the model to
mark its foundational role in the development of place.
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Figure 2.2
Map of Oʻahu and Location of Moku o Loʻe

Moku o Loʻe
N

Oʻahu, HI

Note. The inset is a magnification of the southern portion of Kāneʻohe Bay showing Moku o
Loʻe and some of the shoreline (grey shaded areas) and surrounding reef structures (outlined
areas). Moku o Loʻe is located within the Heʻeia ahupuaʻa (Hawaiian land division). Moku o
Loʻe is located approximately between 21.26’10 and 21.25’50N and 157.47’25 and
157.47’10W.
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Figure 2.3
Map of Kāneʻohe Bay and the Surrounding Watershed

Note. Significant mountains, islands, ahupuaʻa, loko iʻa, and streams are labeled with their
Hawaiian names. From “Storied landscapes: Hawaiian Literature and Place” by Dennis
Kawaharada, 1999, Kalamakū Press. Copyright 1999 by Kalamakū Press.
30

31

Note. Photograph by C. M. Ambrosino of Schematic by R. M. Towill

Schematic of Moku o Loʻe in 1939

Figure 2.4
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Note. Schematic by S. Koto. Retrieved from avakonohiki.org.

Schematic of Moku o Loʻe in 1962

Figure 2.5

Figure 2.6
Satellite Image of Present-Day Moku o Loʻe

Note. Retrieved from Google Maps (Google, n.d.) September 1, 2021.
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Figure 2.7
Photograph of the Marine Science Research Learning Center

Note. Photograph from the East of the Marine Science Research Learning Center facility. The
large sliding doors lead directly to the classroom laboratory. The white pipes on the right side of
the image are part of the flow-through system that supplies the facility with seawater pumped
from Kāneʻohe Bay. Photo credit: M. A. J. Rivera
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Figure 2.8
Anthropogenic Alterations to Kāneʻohe Bay

Note, Image showing dredged (red highlighted) and artificially filled (black highlighted) areas
of Kāneʻohe Bay. Notice the extensive filling around Moku o Loʻe, which was doubled in size
from 12 to 28 acres by private landowner Christian Holmes II. From “The unnatural history of
Kāneʻohe Bay: Coral reef resilience in the face of centuries of anthropogenic impacts” by Bahr
et al. (2015).
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Figure 2.9
Heʻeia National Estuarine Research Reserve

Note. Image delineating the areas managed by members of the Heʻeia National Estuarine
Research Reserve. Retrieved from https://heeianerr.org/about-us/ on September 17, 2021.
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CHAPTER THREE
AN EXEMPLAR MODULE FROM A PLACE-BASED SCIENCE CURRICULUM:
RESEARCH EXPERIENCES IN MARINE SCIENCE11

Nānā ka maka; hoʻolohe ka pepeiao; hana ka lima.
Observe with the eyes; listen with the ears; work with the hands.
Thus one learns.
(Pukui, 1983)
The combined abilities to notice details, recognize patterns, or communicate clearly are
critical for developing scientific literacy. Although applicable to almost any discipline, these
skills are heavily featured in the Next Generation Science Standards (NGSS). The NGSS are
research-based K-12 science content standards that seek to help students develop “an in-depth
understanding of content and develop key skills—communication, collaboration, inquiry,
problem solving, and flexibility” (NGSS Lead States, 2013, sec. “Why”). As of November 2019,

11

The content of this chapter includes an article written by C. M. Ambrosino (the dissertation

author) and M. A. J. Rivera and published online in March 2020 in the Journal of Biological
Education entitled: “Using Ethological Techniques and Place-Based Pedagogy to Develop
Science Literacy in Hawaiʻi’s High School Students”
(https://doi.org/10.1080/00219266.2020.1739118). The Introduction section of the published
article has been expanded with sections grounded in the dissertation framework that describe
how the relationship with place, sources of science self-efficacy, and community relationships
built in this marine science module foster the development of student science identity.
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“twenty states and the District of Columbia (representing over 36% of the students in the U.S.)
have adopted the [NGSS] and are working to implement them in districts and schools” (National
Science Teaching Association, n.d., sec. K-12 Science Standards Adoption). The program
highlighted in this chapter is located in Hawaiʻi (one of the participating states) where the
Hawai‘i Board of Education (HI BOE) had required all of its public schools to fully implement
the NGSS by the 2019-20 school year (Hawaiʻi State Department of Education, 2016). Further,
in collaboration with the Hawaiʻi State Department of Education (HI DOE), the HI BOE also
seeks to integrate local curricula with “uniquely Hawaiian values and sense of place” (Hawaiʻi
State Department of Education, 2016, sec. Equity and Excellence), creating in 2015 an Office of
Hawaiian Education and system-wide educational framework that honors the qualities and values
of the Hawaiian language and culture while maintaining inclusivity of all cultures.
The Research Experiences in Marine Science (REMS) summer program was conceived
and developed by a team of scientists and educators led by Dr. Malia Ana J. Rivera. The program
was first offered in 2013, and is a 5-week experiential marine science research program that
teaches participants scientific methodology while incorporating place-based pedagogies unique
to Hawaiʻi’s physical and cultural environment (Rivera et al., 2021). During the REMS program,
students participate in modules designed to (a) familiarize them with the laboratory facilities at
the Hawaiʻi Institute of Marine Biology (HIMB) and (b) demonstrate how researchers develop,
test, and disseminate hypothesis-based projects. Student groups also design their own research
projects which are presented in a symposium on the final day of the program. In 2019, a new
iteration of this program, named REMS Excel (REMS XL) was piloted as an extended research
program for REMS alumni initiating undergraduate degrees. Students in REMS XL are given
more time to design and execute research projects during the summer session (six (6) weeks),
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while also experiencing seven (7) one-day workshops, one per month, throughout the year. These
workshops focus on research skills and professional development topics for students, such as
resume writing, networking, and financial aid tips. Table 3.1 outlines the general timeline
schedules for each of these programs, as well as the program instruments used in the analyses of
Chapters Five and Six of this dissertation.
Rivera et al.’s (2021) program has developed several place-based marine science modules
which emphasize ecological relationships, biological processes, and anthropogenic effects (Fox
et al., 2013; Gorospe et al., 2013; Haverkort-Yeh et al., 2013; Tamaru et al., 2014). All of the
modules emphasize NGSS Science and Engineering Practices (e.g., Analyzing and Interpreting
Data), Crosscutting Concepts (e.g., Cause and Effect), as well as Disciplinary Core Ideas specific
to the content of each module (e.g., the physics of marine bioacoustics to illustrate DCI LS4.A:
Wave Properties). Ethology (the study of animal behavior) provides the methodological
framework for the module highlighted here and presents a useful platform for students to hone
their observational and data-taking skills while employing both qualitative and quantitative
research methods. The module utilizes the same observational and data collection techniques
used by scientific researchers to examine animal behavior in diverse marine systems ranging
from scalloped hammerhead sensory transduction (Ambrosino, 2012), elasmobranch foraging in
a magnetic field (Hutchinson et al., 2012), and marine mammal auditory perception (Au, 2014).
This chapter presents the lesson plan and teaching notes from an article recently
published in the Journal of Biological Education, entitled “Using Ethological Techniques and
Place-Based Pedagogy to Develop Science Literacy in Hawaiʻi’s High School Students”
(Ambrosino & Rivera, 2020) that I wrote in collaboration with my advisor M. A. J. Rivera.
The module serves as an example of the marine science modules delivered during the REMS
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curriculum. Primarily, I designed and delivered this laboratory module that is one of several
modules that REMS students participate in over the course of the program. It is an example of a
place-based, experiential marine science module grounded in the cultural and physical
environment in which the facility resides. The module also provides examples of
operationalizing sources of self-efficacy to help students develop a science identity. As with all
of the REMS modules, this laboratory has evolved significantly from its first iteration, and the
manuscript characterizes my recent efforts to deliver a place-based marine science curriculum for
Hawaiʻi students.
The Marine Science Research Learning Center (MSRLC) laboratory-classroom, which
serves as the home facility for the REMS and REMS XL programs, is housed in a unique
research station, HIMB, that presents an ideal locale for integrating place-based elements
throughout the REMS curriculum. Located on Moku o Loʻe in Kāneʻohe Bay, Oʻahu, HIMB sits
on a reef within a federally designated estuarine reserve (the Heʻeia National Estuarine Research
Reserve, or Heʻeia NERR). Through the development and use of this module, I attempted to
cultivate three concepts to better facilitate the development of student scientific identity:
relationship with place, development of science self-efficacy, and integration of knowledge with
home communities.

Relationship with Place
A key strength of place-based pedagogy is that it builds upon the knowledge and
experiences of the participants by incorporating local cultural, historical, and ecological
phenomena (Buxton, 2003; Gruenewald, 2003; Sobel, 2004). During the REMS and REMS XL
programs, the marine science content delivered in the modules is contextualized to reference the
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local biota and research community. The modules are all reflections of research conducted by
professional12 scientists at HIMB. Students learn about different research methodologies and
how they help address research questions and potentially increase understanding of local and
global issues. The modules also include a mix of classroom- and field-based observations and
experiments (sometimes the students bring the model organism into the classroom-laboratory,
and sometimes the students must venture to the model organism’s home environment).
As cultural and environmental integration is foundational to the Hawaiian sense of place
(Samaniego, 2012), we introduce visiting student groups to the history and significance of our
place within the ahupuaʻa o Heʻeia and on Moku o Loʻe itself. On the boat ride to the island,
students listen to moʻolelo of Heʻeia. Once seated in the classroom, we explore a map to locate
the building and describe how Moku o Loʻe was named. Throughout the module, we describe
animals with their Hawaiian names. Many of the animals and materials used in the laboratory
classroom are collected by students from the reef and sand flats surrounding HIMB. The animal
used in this example module, mūheʻe huna (Hawaiian bobtail squid, Euprymna scolope), is a
sepiolid endemic to the Hawaiian Islands. These elements, many already familiar to the students,
emphasize the connection between the laboratory and the local research community. Just as
importantly, I also demonstrate how these elements positively contribute to scientific
methodologies.

12

One who practices scientific research as their profession. This usage does not intend to equate

“professional” with “Western” scientist
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Development of Science Self-Efficacy
Participation in authentic13 scientific experiences has been shown to contribute to the
scientific identities of underrepresented minority students and positively shift their attitudes
towards science (Chapman & Feldman, 2017). The development of student science identity,
especially in populations of students of color, is thought to be partially driven by the
development science self-efficacy: the belief in the ability to successfully conduct research in a
scientific context (Flowers & Banda, 2016). Sources of self-efficacy include mastery experiences
(e.g., practicing scientific techniques), vicarious experiences (e.g., observing a scientist conduct
research), verbal persuasion (e.g., receiving positive feedback on a research project), and
physiological reaction (e.g., feeling excitement at discovering novel data) (Bandura, 1997). For
the purposes of this dissertation, “physiological reaction” (which relates to physical and
emotional reactions interpreted by an individual within a specific context and how those feed
into their confidence) is replaced by an analogous construct: “situational interest”. In the context
of developing a theoretical framework for student science and chemistry identity, Hosbein and
Barbera (2020) describe situational interest as interest that is superficial and externally piqued
(e.g., a student is excited to hold a live sea urchin in their hands during class), versus individual
interest which can follow situational interest and is mainly self-generated (e.g., based on his or
her understanding of sea urchin larval development, a student decides to examine developmental

13

“Authentic” is a term used to describe specific classroom experiences in science-based

education research (Crawford, 2015). It denotes a research experience that reflects what a
professional scientist might experience in a laboratory or field setting (as opposed to streamlined,
cookbook-type undergraduate classroom labs).
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effects of water quality at different outflow pipes). Based on these definitions, situational interest
is thus included as a source of self-efficacy, while individual interest (as a more “internalized”
construct) is perhaps more aligned with the “interest” construct of student science identity.
Place-based research learning environments offer several sources of science selfefficacy such as practicing research skills (mastery experiences), observing professional
researchers navigate challenges in conducting experiments (vicarious experiences), hearing
encouragement from instructors and student peers (verbal persuasion), and recognizing the
connection between the course content and one’s lived experiences (situational interest).
Although the marine science module presented in this chapter represents only a small portion of
the content and experiences REMS delivers, it manages to provide an idea how each source of
self-efficacy is operationalized. Examples of operationalized elements of science self-efficacy as
utilized by the REMS program are illustrated in Figure 3.1.
As a neuroethologist, I designed this laboratory module for students to practice simple
ethological observation techniques and analyses using local animal behavior. After
demonstrating the tools at their disposal, the students are the researchers in the classroom. The
module is very adaptable in terms of the freedom it allows for students to come up with their
own research questions and experimental designs, within the limits of the laboratory classroom
setting. We discuss examples of behavioral research being conducted by HIMB scientists and
encourage the students to build on that body of knowledge with their own endeavors. Working as
student researchers, alongside professional researchers (or graduate student researchers, as the
case may be), participants may better recognize their own role within the scientific community or
see that community as more diverse and inclusive (Carlone & Johnson, 2007).
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Integration of Knowledge within Home Communities
I have spoken with many students who are interested in the practical applications of their
research in helping to solve issues they see as an immediate threat to their communities. By
grounding their scientific endeavors in a place-based context, we help connect their knowledge
to the problems they wish to solve. Many of the cognitive tools applied in REMS modules also
help train general literacy skills as highlighted by the Next Generation Science Standards
(NGSS): “communication, collaboration, inquiry, problem solving, and flexibility” (NGSS Lead
States, 2013). Through ʻōlelo noʻeau, students are told to watch and listen with a closed mouth
(i.e., let the animals “speak” through their behavior). Students must practice patience while
waiting on the animals, collaborating with their peers, or conducting frame-by-frame video
analysis. The culmination of the module is communicating research findings through technical
writing, oral reporting, or community outreach.
The REMS marine science content modules have inspired several student research
projects developed to address issues within the students’ home communities. For example, one
team of students learned about the potential ecological threat posed by the highly invasive algae
Arainvillea amadelpha, or leather mudweed. Earlier that summer, a team of researchers from the
Smithsonian Institution and HIMB had documented the presence of mudweed for the first time in
Kāneʻohe Bay. This fast-growing algae can cause devastating loss of native algae and seagrass
habitats (Kittinger et al., 2016). In light of these findings, I worked with a team of Native
Hawaiian high school students to survey seagrass habitats around Moku o Loʻe and the Kāneʻohe
Sandbar ʻĀhua a Laka. Hawaiʻi has one endemic seagrass species Halophila hawaiiana (Figure
3.2) that is found nowhere else in the world. This flowering plant provides a unique marine
habitat, but it is now listed as vulnerable on the International Union for Conservation of Nature
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(IUCN) Red List. H. hawaiiana meadows have declined 30% in the last 10 years while
competing against invasive seagrasses, algae, and anthropogenic activities (Short et al., 2010).
The students on my team developed a heightened sense of responsibility towards this little native
sea plant. Their final project (examining the deleterious effects of both competition with
aggressive algae and anthropogenic boat and foot traffic in H. hawaiiana seagrass beds) was
presented to community members who enthusiastically supported the call for better protections
of seagrass beds in Kāneʻohe Bay.
The students also discovered that the grass had no recorded Hawaiian name. To mark the
significance of H. hawaiiana, the students eagerly collaborated with Dr. Laiana Wong, a linguist
specializing in ʻōlelo Hawaiʻi, to develop a new label befitting this threatened organism. Under
guidance from Dr. Wong, the students devised a metaphorical name (instead of a literal
translation of the English term “seagrass”) that encompassed anatomical and life-history traits of
the plant and was presented in the largest daily Hawaiʻi newspaper (Wong & Ambrosino, 2017).
Nāipoliʻiliʻihoʻokuʻiikapuʻuwai, or the little green lovers strung together at the heart, references
the root strands from which pairs of H. hawaiiana leaves grow and the flower that emerges from
their joined base.

An Example REMS Module: Marine Neuroethology
The REMS laboratory classroom at HIMB, located on a small offshore island within a
bay on Oʻahu, Hawaiʻi, is surrounded by a protected tropical coral reef ecosystem that provides a
home for many marine animals considered economically and culturally important to the
Hawaiian people. In 2018, the HIMB research unit also became the lead agency for the most
recently established National Estuarine Research Reserve (NERR), collaborating on research and
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education efforts with the numerous community partners to integrate traditional and
contemporary strategies to sustainably manage the estuary. The REMS program’s state-of-the-art
facilities combined with an unique location; close proximity to estuarine, coastal and offshore
environments; and connection to numerous watersheds promotes the integration of cutting-edge
laboratory experimentation, rigorous fieldwork, Hawaiian natural history and science education.
While referencing perceptual, sociological, ideological, political, and ecological experiences,
PBE has the capacity to give a voice to colonized lands and peoples, and has thus provided a
platform for developing Indigenous education frameworks such as those found in Hawaiʻi
(Kanaʻiaupuni & Kawaiʻaeʻa, 2008). With such a unique setting, we strive to incorporate placebased pedagogies to better engage our local students, a large proportion of whom are Native
Hawaiian, Filipino and other Pacific Islanders, ethnicities underrepresented in STEM fields. The
study of animal behavior provides ubiquitous opportunities to students in any location for
developing observational skills and teaching students to think critically about their environments.
In accordance with an emphasis on place-based education (PBE), the main organism used
for observation is an endemic Hawaiian animal, mūheʻe huna (Hawaiian bobtail squid,
Euprymna scolopes). Although the concepts and methods described here focus on E. scolopes
behavior, they can easily be adapted to other locally available organisms. Beyond using a
Hawaiian animal, the use of a cephalopod has further connections to the facility’s location within
the ahupuaʻa o Heʻeia. Heʻe feature in many ʻōlelo noʻeau, the name Heʻeia may refer to the
abundance of heʻe in the bay, and a kraken-type creature is said to have lived in the waters
surrounding our classroom. Most research on E. scolopes focuses on its unique symbiosis with a
bioluminescent bacterium (Boettcher et al., 1995; Lee et al., 2009), but like the closely-related
cuttlefish, E. scolopes is easily housed in aquaria and has a repertoire of complex behaviors
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making it an ideal organism for behavioral study (Huffard, 2013). In preparation for their
laboratory activity, students practice creating ethograms (behavioral inventories) and observe
and describe simple animal behaviors. While visiting our facilities, the students use frame-byframe digital video analysis to quantify the activity of E. scolopes in controlled laboratory
settings.
The following section provides a description of the module wherein students participate
in several NGSS Science and Engineering Practices: 1) planning and carrying out investigations,
2) analyzing and interpreting data, and 3) obtaining, evaluating, and communicating information.
The module also incorporates NGSS Disciplinary Core Ideas (LS2.D: Social Interactions and
Group, LS4.C: Adaptation, LS1.A: Structure and Function, and HS-LS2-8 Ecosystems:
Interactions, Energy, and Dynamics) and Crosscutting Concepts such as the recognition of
patterns within a biological system.
The primary objective in developing this module was to provide a unique scientific
inquiry experience that was place-based and culturally framed, one that Hawaiʻi students would
be more prone to engage in relative to a standard textbook lab on ethology. However, the
delivery of the module during student field testing also afforded us to explore questions as to
whether the experience with culturally significant animals and language unique to the Hawaiian
Islands would affect participant attitude and content understanding. Thus, we also describe the
results from questionnaires administered before and during the module for examining student
understanding of content and attitudes towards marine science.
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Materials and Methods
This laboratory module included three main components: (1) background reading,
classroom lecture, and preparatory observations, (2) recording and analyzing data, (3) discussion,
and scientific writing. To assess student content understanding, attitudes towards marine science,
and feedback on the overall experience, we also administered a 12 question, anonymous, online
survey before and after participation in the module via i>clickers®. Although originally designed
for high school students and an endemic Hawaiian organism, we have successfully adapted this
laboratory for use with a broad audience of students and utilizing a variety of locally sources
organisms.
Component 1: Background Reading, Classroom Lecture and Preparatory
Observations
The Next Generation Science Standards (NGSS) framework encourages the use of
phenomena to drive student learning through science lessons. Thus, during the first part of this
module, students were introduced to the scientific study of animal behavior and learned pertinent
ethological vocabulary through discussion of the anchor phenomenon: a short, slow-motion
video of a sepiolid hunting. The full lesson plan also included descriptions of the techniques
ethologists use to describe and quantify behavioral data and examples from the research
currently conducted by scientists at our facilities. To practice making behavioral observations,
teachers may lead students in the simple example activities listed in the lesson plan to the
behaviors of readily available animal subjects (e.g., birds or crickets).
After welcoming students with a discussion about our location within the Native
Hawaiian land division system (including a moʻolelo about how our ahupuaʻa is named after a
cephalopod), a brief introduction to E. scolopes biology and behavior was included to familiarize
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the students with our model organism. To guide their research design, students conducted a
literature search on their specific animal subject chosen for laboratory observations to become
familiar with the commonly described behaviors or other important information. To further assist
in discussions about ethological concepts and the students’ literature review of the animal
subject, we also utilized the following guiding questions:
•

Can the squid learn over time? Will its reaction time to the same stimulus get faster and
faster?

•

How can you determine if a behavior is defensive or aggressive?

•

Will all animals react to the same stimulus the same way? Will one animal react the same
way in each experiment? How might size of the animal affect burying or hunting rates and
success?

•

What senses are most important to nocturnal animals, like the bobtail squid? How can you
determine if the squid is aware of changes to its environment?

•

What factors might influence the squid to change the color of its chromatophores, or to use
its light organ?

•

Do squid see the same colors that humans can?
Component 2: Recording and Analyzing Data
The second component of this module consisted of hands-on science activities that

allowed students the flexibility to design their own research questions and experimental
framework, then collect data, and analyze their results. This was a teacher-guided process and
resulting experiments were highly variable; some students develop very simple research
questions and experimental designs, while others may be more sophisticated or complex.
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To better engage Hawaiʻi students, the lesson centered around E. scolopes, an organism
endemic to the Hawaiian Islands. However, as these observational techniques may be applied to
any organism, the module could be adapted by using another easily obtained, unregulated
invertebrate (e.g., the house cricket, Acheta domesticus). If we are unable to collect E. scolopes
due to weather conditions, we simply substitute small shrimp, crabs, brittle stars, or other small
marine invertebrates to provide students an actively mobile subject.
During this activity, students were divided into groups of about three or four students.
This component was composed of four main tasks. Task 1 included collection of the laboratory
animals and was typically prepared by the instructor before class time. Tasks 2 through 4 focused
on the students designing their observations, collecting their data, and analyzing their results.
Regardless of the complexity of the research questions students devise, the materials below were
generally needed for all experiments.
Animal collection and housing materials
● Euprymna scolopes
● 2.5-gallon or partitioned 5-gallon glass aquaria
● Small nets
● Live shrimp or crabs
● Black plastic mesh
Laboratory or classroom materials
● Pen/pencil
● Paper/notebook
● 500mL beakers
● Varieties of aquarium rocks/sand
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● Live shrimp and dried shrimp or fish food (or appropriate food for study organism)
● Rulers
● Laptops
● Digital cameras with camcorder function (e.g., Olympus TG-830 HIS Digital Camera)
● QuickTime Player software (Apple Inc., Version 10.5 (935.3))
● Image-analysis software (e.g., ImageJ or Fiji (imagej.net))
Task 1 – Collection of Animals for Observation
Because E. scolopes is nocturnal and need time to adjust to laboratory aquaria, our
instructors collected the animals approximately two weeks before the students arrived. The
animals were collected in shallow, calm water over sandy substrates about an hour after sunset.
Flashlights were used to attract plankton, which in turn attract E. scolopes. Once spotted, the
animals were gently scooped up with small hand nets into a bucket for transportation to the
laboratory classroom. Once in the classroom, the squid were individually housed (to prevent
mating and/or fighting) in 2.5- or 5-gallon aquaria with electric filter systems. Larger aquaria
were partitioned with black mesh to prevent animal interactions before experimental
observations. The animals were fed small crabs and shrimp to satiation daily.
Task 2 – Student Experiment Design
Before selecting their animal for observation, the student groups discussed and wrote
down their observational experimental design. We guided the students towards appropriate
stimuli to use in their observations and gave examples of the types of behaviors they might
witness (such as burying or feeding behaviors, which E. scolopes readily demonstrate). If
inclement weather or uncooperative organisms prevented the use E. scolopes for observation, we
also successfully utilized small shrimp, crabs, sea cucumbers, file clams, or other small marine
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invertebrates. When choosing a subject for observation, students were reminded of the relative
complexity of the animal’s nervous system. A sepiolid such as E. scolopes with a highly
organized central nervous system will display more multifaceted behaviors (e.g., hunting
behavior incorporating color change, orientation, approach-attack-capture motor patterns). An
echinoderm such as a sea cucumber with a loosely organized nerve net may demonstrate
simplified behaviors or reflexes such as directional response to light or contracting feeding
tentacles when touched. However, behaviors should not be undervalued based on perceived
complexity—students were encouraged to bear in mind that classic neurological concepts were
developed by observing the limited reflexes of “simple” invertebrates (Mpistos & Collins, 1975).
Some examples of previous student designs include feeding the animal, placing E.
scolopes over different colored or textured substrates, and placing two E. scolopes in a tank able
to view each other through a plastic barrier. An example research design might have included:
● Five minutes acclimation
● One minute observation of E. scolopes at rest
● One minute observation after introduction of Palaemon debilis (feeble shrimp)
● One minute observation of E. scolopes at rest or feeding
● One minute observation after introduction of second P. debilis
● One minute observation of E. scolopes at rest or feeding
The students also attempted to sex their squid by looking for the presence or absence of
the hectocotylus, a specialized arm used by males to transfer sperm packets to females (Figure
1). Although a specific species might have a typical behavioral repertoire, there are often
behavioral differences between individuals, between sexes, or between size classes.
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While conducting these experiments, students were shown how to treat their test subjects
with care and respect, as a professional researcher would do. We reminded the students that
respect for non-human animals was also emphasized. Students took care not to assign
anthropomorphic traits to the animals (e.g., the shrimp is hiding because he is “scared”). If an
animal appeared to be in distress (e.g., frantic swimming, inking), the instructor paused the
activity to allow the animal to rest, or stopped the experiment entirely. Another important lesson
for students was that they would get their best behavioral data from non-stressed and healthy
animals.
Task 3 – Collection of Data: Digital Video Recording
Once they developed their experimental design, the students chose their animal and set up
digital cameras to begin recording their animal’s behavior. E. scolopes were transported to
observation tanks in 500mL beakers and allowed to acclimate for at least five minutes before
observations began. Students only recorded only about five minutes of digital video, or else they
would face tedious video analysis afterwards. We encouraged our students to be respectful of
their colleagues and their experiments by remaining as quiet as possible while recording was
happening in the classroom. Extra movement or noise outside the aquaria might have affected
the animals’ behavior and distorted any behavioral observations.
Task 4 – Video Analysis and Ethogram Development
Once the students completed recording their animals’ behaviors, they downloaded the
digital video onto laptops for analysis. Using QuickTime (QuickTime Player, Version 10.4 (855)
or ImageJ (ImageJ 1.42q, (Rasband, n.d.)) for frame-by-frame analysis, students composed an
ethogram and/or time budget of E. scolopes’ behavior (for an example ethogram, see Table 3.2).
An ethogram is a behavioral inventory used by animal behavior scientists to categorize discrete
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behavioral quanta, similar to how an educational researcher might code instances of classroom
behavior. A time budget reports how long an animal spends doing a particular behavior, which
may give insights to the animals’ trophic level or lifestyle.
Component 3: Discussion and Scientific Writing
Communicating science effectively is a critical scientific literacy skill. Once the students
analyzed their video data, instructors led a general discussion of the students’ findings. Student
groups compared their observational data and noted any similarities or differences they found.
The observational research produced by this module led to the generation of additional research
questions or hypotheses the students wished to test. The instructor noted that the scientific
method was based on a dynamic cycle of observing, questioning, and hypothesis-testing and did
not necessarily end when the experiment ended. Unexpected or surprising results facilitated
discussion on how scientific knowledge is built upon evidence and open to change or revision
(another NGSS Science and Engineering Practice).
After the class discussion, students were encouraged to present their research in a written
and/or oral lab report. The reports followed standard scientific formatting and included a title,
introduction, materials and methods, results, and discussion sections. Ideas from students for
integrating the laboratory content or methods in other subjects or beyond the classroom in their
home communities was also encouraged.

Results
In this article we primarily sought to share a novel scientific inquiry idea with science
educators who might adapt our module to their own settings and classrooms. However, during
the development of this activity, we field tested the module with 10 classes comprising 197
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students and took the opportunity to collect data on the students’ experiences. To assess student
gains in content understanding, opinions on developed scientific inquiry skills, and changes in
attitudes towards marine science, we administered survey questions before and during the
module using i>clickers®. We utilized this instrument to conduct student assessments due to the
interactive, instant feedback that provided our instructors with real-time readings of student
understanding and participation. Use of i>clickers® also allowed our instructors to share results
with students as part of a collaborative, group-learning process. We emphasized to the students
that responses were anonymous to encourage honest answers for the evaluation questions. We
also reviewed the correct answers to each of the content questions to address any
misunderstandings the students may have had. Responses from the surveys revealed increased
content understanding (Figure 3.4), increased self-reported confidence in hypothesis generation
and testing (Figure 3.5), and more positive attitudes towards marine science (Figure 3.6) after
participation in the module.

Discussion
The simple structure and interdisciplinary nature of this module has made it appealing to
non-STEM teachers and STEM teachers alike. Although the animals used were wild-caught and
untrained, the observations are not recorded in their native habitat, but rather in a controlled
“laboratory” environment (aquaria). However, the students are taught to use the same tools and
techniques utilized by ethologists in the field to record, describe, and analyze animal behavior.
Observation and communication skills are critical for students of any subject, and scientific
literacy is just one part of the general literacy spectrum. By learning to describe and quantify
data, students also learn that science is flexible, and that nature does not always fit into neat
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categories. For example, during the experiments, students may decide to change their focus from
the behavior of the hunting E. scolopes to the behavior of the fleeing prey. The students, as
scientists, must take charge of their research and make determinations when collecting,
analyzing, and reporting their data. While any organism could be used for developing
observational skills, our conscious decision to choose an animal unique to the Hawaiian
environment aims to further engage students who might not otherwise be interested in
participating in activities utilizing unfamiliar Eurocentric or continental US models. Our
instructors’ connection with their local place and our model organism also transformed during
the development of this module. In reviewing the literature on E. scolopes, and in talking with
local fishermen and cultural practitioners, we could not find any cultural documents referencing
this secretive sepiolid. In Hawaiʻi, there is an increasing effort to provide names to organisms
that do not appear in historical literature, and we wanted to be part of this effort. We worked
closely with Hawaiian language scholars to develop a name we felt was appropriate for this
small organism which skillfully camouflages and can be difficult to find: mūheʻe huna, the
hidden squid. With a meaningful Hawaiian name, we hope to emphasize the contribution mūheʻe
huna (E. scolopes) has made to our educational and scientific endeavors, and to provide a
cultural connection for our students.
Among those who visit our program at our research institute, many are students from
demographics historically marginalized in science calssrooms. These students often lack
confidence in their scientific literacy and some additional encouragement and guidance is needed
to build their knowledge and skills. In our experience, these students will choose the path of least
resistance and conduct the most simple and cursory observations unless directed otherwise. We
try to balance this need for guidance without being a “cookbook” laboratory. We adjust our
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module to the needs of the individual classes in terms of the complexity of the research questions
and experimental design that students devise during their visit, and we encourage teachers to
adapt the module to fit their own classrooms as well.
The study of animal behavior provides an ideal opportunity for students to develop the
observational skills so important in scientific inquiry and highlighted in the NGSS. Although
laboratory experiments allow the students to control the environmental conditions of their test
animals for easy study, more complex observations can be made of animals in their natural
environment. Animals found on school grounds, or in the students’ backyards, are all fair game
for ethological study. Using animals from their local environment encourages students to think
more critically about the behaviors and biological processes they experience every day.
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Table 3.1
REMS and REMS XL Program Timelines and Instrument Schedule
Research Experiences in Marine Science (REMS)
Timeline

Program
Instruments

First Day

REMS Program
Survey

Weeks 1-2

Weeks 3-4

Week 5

Final Day

Inquiry-based
Marine Science
Modules

Independent
Group
Research
Projects

Prepare for
Symposium

REMS Symposium

iCicker Quizzes

REMS Program Survey
Draw-a-Scientist Test

Draw-a-Scientist
Test

Focus Group Interview

Research Experiences in Marine Science Excel (REMS XL)
Timeline

Program
Instruments

First Day

March – May
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Figure 3.1
Operationalized Sources of Self-Efficacy in the Research Experiences in Marine Science
(REMS) Program

Authentic, Place-based Science Learning Experience

Operationalized Elements
within REMS

Sources of
Self-Efficacy

o
o
o
o
o
o
o
o
o
o
o

ʻŌlelo Noʻeau
Moʻolelo
Community Involvement
Lab/Field Experience
Symposium/Conference
Hands-On Experiments
Inquiry-Based Modules
Group Work
Contextualizing Failure
Near-Peer Mentors
Scientist-Instructors
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Student Science
Identity

Figure 3.2
Nāipoliʻiliʻihoʻokuʻiikapuʻuwai – the Hawaiian Seagrass, Halophila hawaiiana

a)

b)
Note. Photographs depicting a) a seagrass meadow on the windward side of Moku o Loʻe, and b)
individual blades of H. hawaiiana. Photo credit: C. M. Ambrosino
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Figure 3.3
Male and Female Euprymna scolopes

a)
b)
Note. Images of (a) male and (b) female Euprymna scolopes. Note the prominent hectocotylus
of the male sepiolid highlighted by the black arrow. Interindividual coloration should not be
used to differentiate organisms or sexes as each E. scolopes can shift from pale yellow-white to
deep red by contracting or dilating its chromatophores. Photo credit: Kyle Landers
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Table 3.2
Example of a Student Ethogram of E. scolopes Burying Behavior
Phase

Behavior

Description

Alert position

Stands on bottom substrate with its arms pointing
vertically down, and resting top of mantle on substrate

Pre-Burying
Resting position

Lays on bottom substrate with arms curled
ventrolaterally, and resting mantle on substrate

Burying Phase 1

Push and rock
Contracts and expands mantle to rock into substrate
(PnR)

Burying Phase 2

Arm sweeps

Uses two arms to gather sand and throw it on mantle;
The arms work simultaneously, anterior to posterior

Post-Burying

Siphon blow

After burial, blows excess sand out of its siphon
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Figure 3.4
Pre- and Post-Module Quiz Scores

Note. Graph showing student (N = 105) average correct response to i>clicker® content
questionnaire before and after participation in the laboratory module. Pre-post differences were
compared with a two-tailed, paired Student’s t-Test.
*p £ 0.05
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Figure 3.5
Pre- and Post-Module Assessment Survey

Note. Graph comparing student (N = 74) responses from anonymous online survey before and
after participation in module. Question responses were on a five (5)-point Likert-scale, with
1=Strongly Disagree, 2=Disagree, 3=Unsure, 4=Agree, 5=Strongly Agree. Pre-post
differences were compared with a two-tailed, paired Student’s t-Test.
* p £ 0.05
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Figure 3.6
Program Evaluation Survey Responses

Note. Graph showing student (N = 74) evaluations of the program in anonymous online survey
after participating in the laboratory module.
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CHAPTER FOUR
A SCIENTIST’S SHIFTING IDENTITY THROUGH CURRICULUM DEVELOPMENT

[O]ne’s identity changes within the context of a particular practice, as one
becomes more adept at the practice (or as others become more adept)
(Esmonde, 2009, p. 1012).
In this chapter, I describe the conceptual context for the methodology utilized in this
dissertation to address the following question: How does development of and participation in a
place-based science curriculum influence the professional and pedagogical methodology of the
scientist-teacher?
The first section examines how I portray myself as a researcher by examining the
development of my own science identity. The second section outlines the organization of the
mixed methods research design for collecting and analyzing the data influenced by several
theoretical philosophies.

From Scientist to Educator, and Back Again
Before attempting to examine my students’ science identities, I reflect upon my own to
begin to recognize how the identities should be described. As this dissertation progressed, I
learned more about my students’ senses of belonging in the science community and my own
science identity evolved. Carlone and Johnson (2007) described three types of science identity in
a study of the identity development of women of color in science: 1) the research scientist, 2) the
altruistic scientist, and 3) the disrupted scientist. I think I have spent some time in each of these
categories – first as a research scientist (simply gaining personal knowledge for the sake of
66

gaining knowledge), then as a disrupted scientist (feeling burnt out and wondering what the
purpose of my pursuit of knowledge was), and finally as an altruistic scientist (doing research for
the benefit of others and helping others navigate the science community). As my self-recognition
as a person of science transformed, the practices and purpose for my research also shifted.
Academically and professionally, my training has focused heavily in the natural sciences.
My degrees thus far have all been in natural science disciplines. Before this project, my peerreviewed publications were in science journals and my conference presentations were at
scientific research meetings. I had never received formal pedagogical training or participated in a
teacher certification program. But as I became more interested in science education, and
education practices in general, it became clear that in many ways the science community was
failing certain students. Students who did not fit within a specific narrative (i.e., historically,
White men of European descent) were often marginalized or faced greater barriers to pursuing
careers in science.
I have been interested in science for as long as I can remember. My specific field of
interest has changed several times during the course of my education (from wanting to be an
astronaut to falling in love with ocean life), but my interest was always driven by a desire for
understanding – a thirst for knowing the what, why and how of the natural world. I am very
privileged to also have a family that is completely supportive of my passions and encouraged my
pursuit of a career in the sciences. A desire to apply place-based pedagogy in the science
classroom has culminated from the strong cultural traditions of my family, a love of learning and
sharing knowledge, and a passion to communicate science beyond the laboratory bench.
As a graduate student at the University of Hawaiʻi at Mānoa, I had my first formal
experience as an educator. I became a teaching assistant for several Zoology laboratory sections.
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I was the sole TA for these labs based on my expertise with the content alone (there was no
pedagogical training involved). Although I encouraged the students to engage with the material,
tried to make the course entertaining, and helped them navigate administrative and health
difficulties beyond the classroom, my curriculum and teaching strategy were primarily gradeoriented. It was not until I began a research assistantship with the Science Inquiry Education
Program (SIEP) at the Hawaiʻi Institute of Marine Biology in Kāneʻohe Bay that my identity as a
teacher began to take shape.
My first class in the College of Education (COE) at the University of Hawaiʻi at Mānoa,
“Curriculum and Instruction Theories”, introduced me to several writers and education theories
to which I had never been exposed. The class helped me to describe in a more scholarly fashion
my values in developing curricula. Reading articles by Goodson (1989) and Popkewitz (2005)
made me question my understanding of what a curriculum could be. I was moved by Freire’s
Pedagogy of the Oppressed describing “men-in-a-situation” (Freire, 2005, p. 150, original
emphasis), teacher-students within the field who must learn to teach and learn “with” others, as
opposed to “for” or “to” others. I connected with Braidotti’s The Posthuman (2013) because, as a
biologist, I already view humans as part of a complex web of life, instead of masters apart from
and ruling over nature. Gruenewald’s Foundations of Place: A Multidisciplinary Framework for
Place-Conscious Education (2003) finally made place-based education click in my head. His
discussion of the five “dimensions of place” helped to bring form to the amorphous and vague
idea I had of what place as a construct could mean when first trying to practice place-based
education.
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The Influence of Discipline-Based Education Research
As I partially shift my research from natural to social sciences, I have found it difficult to
adjust some of my research practices which are strongly rooted in the life sciences. Thus,
although my methodology has been heavily influenced by the various research frameworks of
my current place, as described later in this chapter, the studies in Chapters Five and Six still
epitomize many features of education research dominated by natural science practices, such as
Discipline-Based Education Research (DBER).
DBER is a relatively new branch of education research that could be applied to any
discipline, but in practice has focused on STEM (science, technology, engineering, mathematics)
fields such as physics, chemistry, biology, and computer science (National Research Council
2012, 2012). The National Research Council 2012 defined DBER as a field that “investigates
learning and teaching in a discipline using a range of methods with deep grounding in the
discipline’s priorities, worldview, knowledge, and practices” (p. 9). This by-scientists-forscientists education research philosophy is important because science is a practice more than a
list of textbook vocabulary. Students who wish to become scientists must navigate the scientific
method and apply it in novel conditions – skills that require experience, knowledge, and a bit of
intuition. In DBER, researchers implement scientific methodology to recommend evidencebased best practices in the science classroom. Biology Education Research (BER), as a younger
subfield still building a reputation among other DBER and well-established science fields, tends
to emphasize methods practiced in biology research itself: controlled or quasi-experimental
research design; inferential statistical testing; deductive hypothesis testing; etic observations.
Thus, DBER and BER have provided for me a gateway to education research that simulates a
familiar-feeling research environment.
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There are several aspects of this dissertation that are rooted in the DBER framework, the
most obvious of which is the setting for the study: a marine science laboratory classroom.
Although the curriculum employs a place-based pedagogical design that incorporates cultural,
historical, and linguistic elements, it is still a science course for which students may receive
oceanography college credits. The study focuses on student science identity and examines factors
that may influence student retention in STEM academic and professional pathways. The methods
for data collection and analysis are also drawn from scientific methodologies and include
statistical analysis of quantitative survey responses and ethological coding of student behaviors.
Finally, and perhaps most importantly, in alignment with one of the main pillars of DBER
endeavors, the results of this dissertation will be used to inform the teaching practices and
strategies of other instructors and myself.
Scientific and DBER frameworks have thus been instrumental to my way of synthesizing
and interpreting knowledge. However, as I become more adept and confident as an education
researcher, my methodology shifts towards transdisciplinary or alternative frameworks and
practices. I am certainly a DBER scientist in the sense I am a budding education researcher
firmly rooted in science, but I am also trying to challenge the “priorities, worldview, knowledge,
and practices” of science through my research. Place-based pedagogies have become central to
my curriculum development and are forcing me to examine my own relationship with science as
well as the type of scientist I want my students to become (or the type of science community I
am encouraging them to join). I have learned that by ignoring or removing the social or human
side of research or a curriculum (which is what the objective scientific method advocates),
science education can alienate the very students it is seeking to engage. Becoming a researcher
and teacher with a rooted sense of place benefits scientist-teachers, their students, and their
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communities. By allowing students to engage with scientific concepts through their own
knowledge systems, place-based education can simultaneously develop students’ (and
researchers’) science and cultural identities.

Mixed Methodology Research Design Framework
Moon and Blackman (2014) describe the elements of research (both natural and social
research) along ontological (what can we learn about reality?), epistemological (what is
knowledge and how do we create it?), and theoretical perspectives (what is the guiding
philosophy of the researcher?). They argue that natural scientists tend towards realist ontologies
(there is one truth), objectivist epistemologies (the reality of an object exists independent of the
observing subject), and a positivist or post-positivist philosophical lens (the deductive scientific
method can be objectively used to acquire generalizable knowledge) (Charnley et al., 2017;
Moon & Blackman, 2014). Thus, research in the natural sciences tends towards using
quantitative methodologies which may be perceived as objective or free from human social
constructs (as opposed to qualitative methodologies that utilize subjective and/or cultural
frameworks or Indigenous knowledge systems). However, scientists are beginning to understand
the importance and usefulness of qualitative data and analyses (Charnley et al., 2017) and diverse
worldviews and data gathering techniques (Couzin, 2007; Tengö et al., 2014) to inform their
practices and enrich their knowledge.
In designing an experiment, a researcher must focus on the specific purpose and scope of
the research project to help limit incorrect interpretations of the results (Figure 4.1). The data and
analyses should stem from the research questions or hypotheses. Experimental methods should
be appropriate for the researcher and the participants. For this dissertation, I employ a mixed71

methodological research design framework that draws upon scientific, psychological, disciplinebased (i.e., science-based) education, and Indigenous research frameworks. Table 4.1 lists the
foundational frameworks for several example components of this dissertation which are
elaborated in the following paragraphs.
I have come to understand how valuable a range of data and analyses can be in trying to
answer a research question. Quantitative methods lend objectivity and present an opportunity for
deductive reasoning – vital for validity in the scientific community. Qualitative methods will
give shape to the complex construct of science identity and present a more holistic image of
student experiences throughout our program – important for acknowledging the students as
participants instead of simply subjects. I acknowledge that I am a participant in my own research
through the interactions with my students, and the knowledge they share is not mine alone. As
this project will attempt to bridge between scientific and educational research communities,
philosophies, and methodologies, this research design presents a suitable framework to
incorporate these factors.
The focuses of my previous studies can be simplified into one word: relationships. How
do neurons interact with each other? How can cells work together to create a living being? How
does an animal interact with its family or with other animals? How are these animals shaped by
their environment, and how is the environment shaped by them? I can understand how scientists
might be viewed as disconnected with the very world they are studying: I have spoken with
geneticists who did not know what their live subjects looked like because they had only used
small, isolated samples of muscle tissue. One positive result of the current political environment
regarding climate change, or science in general, is that more scientists are questioning their
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relationship with their work and their communities at large. The old excuse “knowledge for
knowledge’s sake” is no longer sufficient.

The Influence of Indigenous Research Frameworks
I am predominantly of European ethnicity, but as Native Hawaiian culture, history, and
language are integral to the theoretical place of my laboratory classroom, I have been introduced
to Indigenous knowledge systems and research frameworks such as Kūlana Noiʻi (Kūlana Noiʻi
Working Group, 2021) and Kaupapa Māori14. These frameworks have shifted my current
conceptions of research practices and are influential in me calling myself a critical disciplinebased education researcher. For example, the scientific method demands objective and unbiased
methods to gather empirical data, but purely objective methods are rarely possible (especially in
behavioral research), and researchers should acknowledge biases inherent through human
observation in the analytical process. I had also been taught that it was wrong for scientists to be
political or to advocate policy. While I still believe that researchers should not allow personal
agendas to distort analyses, I now feel an obligation to apply my knowledge and enrich the
community of which I am a participant. I am very much rooted in the contemporary culture of
the science community, but I am not content with the current state of affairs. Through my work, I
am actively seeking to transform the “priorities, worldview, knowledge, and practices” of
science education and science itself.
Although Indigenous and Western scientific ways of learning are sometimes viewed at
odds with each other, the practices and epistemologies have significant overlap and practitioners

14
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in both camps can certainly agree that both types of knowledge focus on incredibly complex
systems. Both practices attempt to provide answers to questions like “Where did we come
from?” and “Why are we here?” I view Indigenous and Western scientific ways of learning as
part of a multifaceted spectrum of knowledge. The Western science community in general is also
finally beginning to recognize the importance of Indigenous knowledge and starting to
incorporate Indigenous voices (Couzin, 2007). The threat of climate change, in particular, is one
of many driving forces breaking down some of the old divisions between the knowledge base
and management practices of western researchers and Indigenous people (Cochran et al., 2013;
Tengö et al., 2014). In treating Indigenous peoples as colleagues and not subjects, scientists are
slowly utilizing a world view many had never considered valid before (Barnhardt & Kawagley,
2016; Tengö et al., 2014).
While attempting to develop a methodology inspired by different knowledge systems
which sometimes echo and sometimes contradict each other, I came across several models and
metaphors which helped me in reconciling the various frameworks. The Mi’kmaw concept of
Two-Eyed Seeing (Bartlett et al., 2012) in particular resonated with what I am attempting to do
with my research. Two-eyed Seeing is described as learning to recognize the strengths of
different knowledge systems (typically Indigenous and Western systems) and utilizing both to
achieve something greater than what could be accomplished through just one way of knowing
(Abu et al., 2019; Bartlett et al., 2012). Crucially, this construct recognizes the existence of
multiple methodological frameworks which are distinct yet valid as whole knowledge systems
(Bartlett et al., 2012). Thus, while continuing to use one eye well-trained in Western scientific
methodologies, I am able to open another eye to see from another perspective and enrich my
research practices. With this new lens, I now turn my attention to two Indigenous research
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frameworks which were the most influential to my methodology development (Kaupapa Māori
and Kūlana Noiʻi) and discuss how specific pillars of these frameworks influenced my research
design15.
Kaupapa Māori (G. H. Smith, 1997; L. T. Smith & Reid, 2000) was the first Indigenous
research framework I was introduced to, under the guidance of my advisor Dr. Margaret Maaka,
as I began to explore methodologies as alternatives to Western academic frameworks. As with all
Indigenous frameworks that are developed by a community for a community, Kaupapa Māori is
firmly rooted in a Māori worldview and aims to enable Māori researchers to nurture a
methodology in line with Māori ways of knowing. Of the main pillars of Kaupapa Māori, the
principle of collective philosophy, or Kaupapa, resonates most deeply with me and has become
an important aspect of my research. For a long time, I struggled with the idea of becoming an
educator, because I felt recognition of my identity as a scientist would be diminished in the eyes
of my peers (and by my own ego). However, now I see science education as giving a purpose to
my work. Kaupapa speaks to the need for research to be “an incremental and vital contribution to
the overall 'kaupapa'” of the community being researched (Principles of Kaupapa Māori, n.d.).
As a researcher I cannot selfishly hoard my data or collect information just for the sake of
collecting information. Kaupapa forces researchers to think of their projects in terms of the role
the research will play in the very community being studied. Thus, in significant elements of this

15

In presenting these frameworks, for the purposes of my own research practices, I emphasize

that I not attempting to conduct Māori or Native Hawaiian research. However, having “one-eye”
open to these worldviews, my own methodology is now better informed for the benefit of my
research and the context of my studies.
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study I will urge my students to see themselves as my collaborators and will ask them to help
inform the analysis of their data. My methodology has also been influenced by other principles,
such as Whānau (The Principle of Extended Family Structure) and Ata (The Principle of
Growing Respectful Relationships) which urge me to re-examine my relationship with my
research and my relationships with the participants.
In Hawaiʻi, the Kūlana Noiʻi Framework (Kūlana Noiʻi Working Group, 2021) is the
result of University of Hawaiʻi researchers and Native Hawaiian community groups
collaborating to design guiding standards for researchers in the islands. Developed for use by
local communities and researchers from within or outside the community, these standards seek to
give voice to Native Hawaiian practitioners and resource managers and to address
inconsistencies “with which community perspectives and cultural practices are integrated into
research efforts and decision-making processes that impact Hawaiʻi’s resources and
ecosystems”. The Kūlana Noiʻi consist of several standards which are grouped into two main
themes: Building and nurturing pilina, and Aʻo aku, aʻo mai / Aloha aku, aloha mai. Two areas
of my methodology as an educational researcher that have been heavily influenced by these
themes are the development of my pedagogical framework and how I frame
researcher/participant relationships. Pilina refers to connections or relationships and this theme
aligns closely with the philosophy of place-based pedagogy. Respect and reciprocity are integral
to the development and maintenance of meaningful relationships: I must understand and
acknowledge my place and the students with whom I share that place. Aʻo aku, aʻo mai / Aloha
aku, aloha mai also points towards a reciprocal relationship and focuses on the bi-directional
flow of knowledge and care. For this dissertation, I emphasized to the participants that we were
co-learning about research and co-analyzing the data that they themselves generated.
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Inclusive Classrooms and Inclusive Research
As part of a demographic underrepresented in Western science (as a woman), I am
painfully aware that the American science classroom and Western science community are not
always welcoming or inclusive to students and professionals from groups outside of the
dominant demographic (i.e., White men of European descent). Embracing the principle of
collective philosophy mentioned above, this project will aim to create a safe and enriching
experience for all of our student participants. I did not face explicit discrimination until
beginning graduate school, which helped to open my eyes to the hurdles or barriers that others
navigating a Western science career pathway may also face. Implicit or explicit biases, whether
found in teachers, parents, fellow classmates, or the physical classroom itself, can influence the
performance and confidence of students in STEM fields of study (Beilock et al., 2010; Cheryan
et al., 2009; Tenenbaum & Leaper, 2003).
Explicitly discriminatory behavior or words are generally frowned upon in our society,
but implicit biases or stereotypes in STEM fields are more difficult to call out. A student’s
success or interest in a subject could depend on objects in the room or even posters on the wall
(Cheryan et al., 2009) or the teacher’s gender (Eddy et al., 2014). Even the clothes the teacher or
student wears (or even thinks they are wearing) can affect performance on simple tasks through a
phenomenon known as “enclothed cognition” (i.e., our clothes directly affect our mental
processes) (Adam & Galinsky, 2012).
Fortunately, there are pedagogical practices and training initiatives to battle classroom
biases against student success and build a more inclusive learning environment for both students
and teachers (Dewsbury & Brame, 2019). A study by Jackson, Hillard and Schneider (2014)
found that implicit biases towards women in STEM fields by men were improved with
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professional diversity training of STEM faculty, although explicit biases did not change. Another
study found that teachers trained in using microaffirmations (positive “micromessaging” that
allows students of different genders or ethnicities to build self-esteem) produced higher-scoring
physics students than non-trained teachers (Morrell & Parker, 2013). Active learning, placebased and culture-based pedagogies are also effective as tools for increasing diversity in STEM
fields, both at the educational and professional levels, although teachers need to be well-trained
for effective pedagogy use in the classroom (Baepler et al., 2014; Chinn, 2006; Dierker et al.,
2016; Freeman et al., 2014; C. V Smith & Cardaciotto, 2011). I have sought to incorporate
similar practices where applicable into my teaching and research endeavors.
Although biases and stereotypes about the “ideal” STEM student and professional
permeate our society (and can have profound effects on a student’s science identity, for better or
worse), it is contingent upon professionals in STEM fields to recognize the all-too-human biases
that can affect the diversity of their environments. Awareness of these potential barriers can also
help teachers mitigate their negative effects in the classroom and begin to think about the identity
they wish their students to develop.

Designing the Research Questions
The research questions for this dissertation have gone through several iterations,
fluctuating between deductive quantitative questions and broader, qualitative questions. The
nature of this study and the influence of multiple research frameworks suggested the use of
exploratory research questions. The purpose of this dissertation is to examine the development of
science identities and exploratory questions permit a flexible framework for emerging themes in
this complex social construct.
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Using multiple types of data and analyses from quantitative and qualitative
methodologies also allows me to access information that might remain hidden if only using a
narrow research design. This is especially important as my research involves vulnerable
populations – minors and students from demographics historically marginalized in scientific
communities. Use of mixed methods has been demonstrated to generate new themes and
perspectives from students, particularly while examining the concept of “identity” (R. E. W.
Thomas et al., 2014).
I hope to build upon my previous experience with mixed methods research design by also
recognizing my role as a researcher beyond the impassive, objective observer. I am interacting
with my students as I present the curriculum. I am interacting with my students as we discuss
their knowledge. My students’ responses shape how I continue delivering the content and how I
analyze their data.
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Note. A cartoon to illustrate the importance of consciously designing an experimental protocol (Ambrosino, 2010).

Cartoon: The Importance of Experimental Design

Figure 4.1

Table 4.1
Foundational Frameworks for the Dissertation Methodology
Design Category

Dissertation Component

Framework (Principle)

Theoretical Framework

Identity Theory;

Psychology

Social Cognitive Career
Theory

Psychology

Critical, Place-Based
Pedagogy

DBERa;

Pedagogical Framework

Kūlana Noiʻi (Pilina)
Study Setting

Science laboratory classroom

DBERa

Role of Researcher

Emic observer/participant

Kaupapa Māori (Whānau);
Kūlana Noiʻi (Aʻo aku, aʻo
mai)

Participant Relations

Student-validated analyses

Kaupapa Māori (Kaupapa)

Data

Mix of quantitative and
qualitative

DBERa;
Neuroscience

a

Discipline-Based Education Research
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CHAPTER FIVE
STUDY ONE: A LONGITUDINAL ANALYSIS OF DEVELOPING
MARINE SCIENCE IDENTITY IN REMS PARTICIPANTS

There is a growing interest to develop programs and pedagogies focused on increasing
representation of demographics historically marginalized within the scientific community
(Ballen et al., 2017; Estrada et al., 2016; Fisher et al., 2019; National Research Council 2012,
2012; Pierszalowski & Bouwma-Gearhart, 2018). This interest in developing more inclusive
classrooms is due to the continued underrepresentation of certain minority populations entering
Science, Technology, Engineering, and Math (STEM) undergraduate programs, and their higher
rates of attrition from STEM academic and career pathways. This “leaky pipeline” of
underrepresented minority (URM) students leaving STEM pathways may be attributed to both
academic and non-academic barriers (Estrada et al., 2016; Pierszalowski & Bouwma-Gearhart,
2018). In Hawaiʻi, Native Hawaiian and Pacific Islander students account for more than a quarter
of the students in Hawaiʻi Department of Education (HIDOE) schools, but they are
underrepresented in undergraduate STEM programs (Kanaʻiaupuni et al., 2021). These students
are then taught by a faculty with even lower minority representation (Mānoa’s Racial and Ethnic
Diversity Profile, 2016).
Place-based education (PBE), more thoroughly described in Chapter 2, is one
pedagogical approach that aims to increase student engagement with science content and thus
increase student retention in STEM pathways. Woods-McConney, Oliver, McConney, Maor and
Schibeci (2013) described student engagement in the science classroom as a multidimensional
construct comprised of several sub constructs including students’ attitudes, interests, enjoyment,
82

and self-beliefs, that taken together suggest an openness and eagerness to understand and use
science. Science engagement is likely to be associated with particular background contexts or
cultural factors which place-based curricula attempt to acknowledge and integrate. By allowing
students to engage with scientific concepts through their own knowledge systems, place-based
education can simultaneously develop students’ scientific and cultural identities (Kuwahara,
2013; van Eijck & Roth, 2009) which can nurture a sense of belonging in the science
community.
A well-developed science identity may be a fundamental mechanism for increasing
student persistence in STEM, especially among URM students (Byars-Winston et al., 2016;
Chang et al., 2011; Estrada et al., 2011; Flowers & Banda, 2016; Graham et al., 2013). Using
identity as an analytic lens in science education research is a holistic and reflexive way to
examine student experiences (i.e., by acknowledging specific contextual constructs of the
classroom and the students) and may inform new views regarding teaching and learning in
STEM (particularly in the American classroom) (Gee, 2000). An examination of identity
encourages educators and educational researchers to think about (a) the kinds of people targeted
by science education (Are some students promoted while others are marginalized?), (b) the
processes of learning and socialization in science (How do students affiliate with science? Is
there a disconnect between a student’s cultural and science identities?), and (c) the goals of
science education (What defines a scientist?) (Carlone & Johnson, 2007).
Many current student science identity models were developed with Gee’s (2000) theory
of identity as a foundational framework. In this seminal paper, Gee initially defined “identity” in
broad terms as “[b]eing recognized as a certain ‘kind of person,’ in a given context” (2000, p.
99). Science education scholars have begun to flesh out this initial construct, such as the science
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identity model proposed by Carlone and Johnson (2007) that incorporates three components:
“Recognition”, “Competency”, and “Performance”. The construct of Recognition includes
seeing oneself as a scientist, and others seeing oneself as a scientist; Competency refers to
confidence in understanding scientific content and utilizing scientific skills; and Performance
describes the ability to socially conduct science practices within the science and general
communities. There is also a growing trend of developing identity models specific to individual
scientific disciplines, for example a student physics identity (Hazari et al., 2010), a computer
science identity (Garcia et al., 2018), and a chemistry identity (Hosbein & Barbera, 2020) were
created based on this more general science identity construct.
The model of science identity (Figure 5.1) which guided the analyses in this chapter was
based on models proposed by Carlone and Johnson (2007) and further refined by Hazari et al.
(2010). This model focused on three dimensions of science identity: Recognition,
Performance/Competence, and Interest. The first two dimensions, Recognition and
Performance/Competence, were similar to the original factors described by Carlone and Johnson
(2007), except that Performance and Competence were combined. Studies examining the
contribution of each of these dimensions have shown significant overlap between performance
and competence in developing a science identity (Garcia et al., 2018; Hazari et al., 2010; Potvin
& Hazari, 2014), and so the analysis here utilized an integrated Performance/Competence
construct. The final dimension of Interest was initially suggested by Hazari et al. (2010) as
particularly fitting for examining identity in students in the sciences, as a desire to participate or
learn about science is considered especially influential to a student’s science identity
development and persistence in STEM fields. As this study also focused on students (late high
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school, high school graduate, and early undergraduate students), this factor was especially
relevant.
Building upon these models, this study sought to explore a framework for analyzing
science identity for Hawaiʻi students using primarily quantitative instruments and analyses. The
Research Experiences in Marine Science (REMS) Summer Program, which provided the context
for this study, was conducted at a marine research institute situated on a basaltic island remnant
surrounded by a coral reef and delivered content based on contemporary marine science practices
and projects conducted there. The concept of “place” of this study was heavily influenced by its
physical location (tropical coral reef), staff (predominantly marine scientists or oceanographers),
and cultural context (Hawaiian methodologies with Native Hawaiian participants). REMS is an
intensive introduction to scientific methodology and training experience as a researcher that
aimed to provide students with a solid foundation in general scientific principles and analytical
methods that are suitable to any natural science field. However, the program is also integrated
with place-based pedagogies that are grounded within a framework centered on content and
practices of marine science in Hawaiʻi. The survey items delivered during the program explicitly
ask students about their confidence in marine science, interest in marine science, and relevance
of marine science to their lives. Thus, for the purposes of this exploratory study, the identity
construct under investigation was referred to as a “student marine science identity”.
This chapter sought to address two (2) research questions regarding the development of
student marine science identity in a Hawaiʻi marine science research training program. The first
question was: Are the constructs of marine science identity shifted in Hawaiʻi students after
participating in a place-based, experiential research training program? The second research
question was: Does recurrent exposure to place-based research communities and practices affect
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student marine science identity over time, especially during the high school-undergraduate
transition?

Materials and Methods
This study analyzed data from content quizzes and program surveys to explore student
marine science identity as aligned with the performance/competence, interest, and recognition
constructs of identity. The study followed a pretest-posttest groups design to explore student
perceptions and attitudes before and after participation in the study programs. To measure
student marine science identity, the analysis follows an identity framework similar to that
developed by Carlone and Johnson (2007) and elaborated by Hazari et al. (2010), as previously
described.
Study Location and Course Context
This study took place at the Marine Science Research Learning Center (MSRLC) of the
Hawaiʻi Institute of Marine Biology (HIMB). HIMB is an independent research unit of the
University of Hawaiʻi at Mānoa located on Moku o Loʻe, a small island in the southern part of
Kāneʻohe Bay, Oʻahu.
The data for this study was collected from 2013-2018 during the Research Experiences in
Marine Science (REMS) Summer Program, and in 2019-2020 during the pilot of REMS Excel
(REMS XL) at HIMB. REMS and REMS XL are 5-week (REMS) or 6-week (REMS XL)
summer research programs for Hawaiʻi high school and early undergraduate students that
emphasize tropical marine science. During the programs, students participated in field- and
laboratory-based marine science modules (Ambrosino & Rivera, 2020; Fox et al., 2013; Gorospe
et al., 2013; Haverkort-Yeh et al., 2013; Tamaru et al., 2014) and conducted independent
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research projects in small groups under the guidance of a team of transdisciplinary faculty who
represented different disciplines (e.g., Biology, Neuroethology, Marine Science, Oceanography,
Hawaiian Language, Evolution, Education), positions (e.g., teachers, professors, post-docs, grad
students, undergrad interns), institutions (e.g., community college, research facility, traditional
Hawaiian fish ponds, federal research reserve), and career levels (everything from undergraduate
interns through tenured professors). REMS XL also included the addition of seven (7)
professional development and six (6) statistical analysis workshops delivered either monthly
before and after the summer session, and weekly during the summer session.
Participants16
This study examined data collected from participants of the 2013-2018 REMS and 20192020 REMS XL summer programs. The target demographics for the REMS and REMS XL
programs included students from Hawaiʻi public schools (with an emphasis on Title I complexes
on O‘ahu) from ethnicities currently underrepresented in science, technology, engineering, and
mathematics (STEM) fields. The author was an instructor for each year of the programs and
developed the curricula (Ambrosino & Rivera, 2020, 2021; Rii et al., 2021; Rivera et al., 2021;
W. H. Thomas et al., 2021) for each year except for the 2013 pilot iteration of REMS. 2018
REMS and 2019-2020 REMS XL students were directly recruited into this study after UH
Mānoa Institutional Review Board Approval (Protocol # 2019-00605). Anonymous data from
previous years (2013-2017) was also included to provide data from 109 participants.
Participants ranged in age from 15-24 years old, and all were either attending or recent
graduates of Hawai‘i high schools. About 61% of the participants were female. The REMS and
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A note on participant relations can be found in the Appendix.
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REMS XL programs target Native Hawaiian, Filipino and Pacific Islander students, which made
up a majority of our participants (75% of students self-reported at least one of these ethnicities).
A list of all self-reported student ethnicities is displayed in Figure 5.2. All students participated
in the REMS program at least once, while some REMS alumni returned to the program to
participate as near-peer mentors for new students (N = 27), or as participants in the REMS XL
program (N = 12) (Figure 5.3). Unless otherwise noted, for each data set, first-time student (New
Student group) data was analyzed separately from near-peer mentor (Mentor group) data, and
REMS XL participant (REMS XL group) data to prevent pseudo-replication and confounding
effects of participants who had previously experienced the course.
Instruments
The instruments for this study included assessments of student progress and
programmatic evaluations produced through the REMS curriculum (i.e., iClicker content
knowledge assessment and pre- and post-course program surveys). The program surveys were
not included for either participatory points or calculation of student grades.
Content Quizzes
Content knowledge was assessed with an iClicker questionnaire during each module of
the beginning of the REMS program to monitor student retention of scientific concepts. The
iClicker student response system included remotes that were assigned to each student with which
they entered their answer choices, and a computer program that recorded student responses in
a .csv file. As the content and question lists of the specific marine science modules delivered
during the 2013-2018 iterations of REMS evolved from year to year, this analysis focused on
New Student (N = 54) and Mentor (N = 18) responses for five (5) marine science modules that
remained unchanged for three consecutive years: 2016, 2017, and 2018.
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Each quiz consisted of eight multiple-choice questions and was presented to the students
three times: 1) before the module lecture, 2) during the module lecture as content was covered,
and 3) one week after the module. The first quiz helped the instructors gauge student knowledge
before the experiential module, and students each answered individually. The students were
presented the questions a second time during the content lecture and were given approximately
two (2) minutes to discuss the question with their peers before answering. Allowing student
discussion through this modified informal cooperative learning method (similar to a think-pairshare format) has been associated with outcomes such as higher achievement, higher-level
reasoning, and understanding of others’ ways of thinking (National Research Council 2012,
2012). The third and final time the students saw the questions, one week later, they once again
answered individually so the instructors would assess knowledge retention. Students were
incentivized to perform well on these quizzes as the third score contributed up to 25% of the
student’s final grade for the program (along with participation, written reports, and an oral
presentation which made up the remaining 75%). The average frequency of correct student
responses was analyzed with two-tailed, paired Student’s t-tests to determine differences
between the pre- and post-module time points.
Research Experiences in Marine Science (REMS) Program Survey
Analyses of an anonymous survey consisting of five-point, Likert-scale questions and
open-ended questions conducted via an online questionnaire17 on the first and last days of the
courses were used to elucidate student content understanding, attitudes towards science and the
scientific method, and thoughts about academic and career pathways. The SALG (Student
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Salgsite.net
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Assessment of Learning Gains) survey platform is a free course-evaluation tool developed for
college-level instructors to collect learning-focused feedback from their students. Using this
platform, we developed surveys specific to our program.
A total of 145 pre-program REMS surveys and 145 post-program REMS surveys were
administered over the 2013-2019 REMS/REMS XL programs (New Student N = 106; Mentor N
= 27; REMS XL Student N = 12). Multiple choice items included a 5-point Likert-type scale (1
being the lowest or most negative response, and 5 being the highest or most positive response)
with an additional response choice of “Not Applicable” (for a total of six (6) possible choices per
item). Responses of “Not Applicable” were rare (accounting for less than 1% of responses for
each item) and were excluded from the analyses.
In the most recent iterations of the REMS surveys, there were two versions of the survey
for both the pre- and post-course iterations: 1) a version for New Students, and 2) a version for
Mentors. The only difference between these versions as the addition of a “Mentor” question
section for the Mentor students. For the REMS XL program, an analogous version of the REMS
survey was administered that replaced the “Program Evaluation” section with a “Workshop
Evaluation” section, and the “Group Project Evaluation” section with a “Professional
Development” section. Earlier iterations of the REMS survey, which were also included for
analysis, had the same basic structure (with “Mentor” questions first appearing in 2015) but
slightly different numbers of questions, as the course content and survey focus has shifted
slightly throughout the years (e.g., items asking about an animal behavior module instead of a
larval development module, depending on the content included that year). In general, the precourse survey consisted of 26 to 28 five (5)-point Likert-score questions and six (6) to12 openended questions. The number of Likert-scale items differed slightly between the years as content
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was added or removed due to the syllabus schedule. The number of open-ended questions
increased over the iterations as the instructors wished to gain more insight to student survey
responses for programmatic development. An additional seven (7) Likert-score questions were
included for the Mentor version of the instrument. The post-course survey included a repeat of
the pre-course survey questions, plus an additional 11 Likert-score questions (to evaluate the
REMS program content and experiences with group research projects) and five (5) open-ended
questions (program evaluation questions and a question asking for advice for future students).
For the purpose of this study, a subset of the overall questions (17 Likert-score items) that
aligned with the constructs of a place-based science experience and the identity model (i.e.,
recognition, performance/competence, and interest) were examined (Figure 5.4). Questions were
primarily chosen with regard to their connection to the constructs of place and identity, as well as
to minimize missing data and maximize consistency through the course iterations. In addition to
being grounded within the analytical framework, the survey items were reviewed by science and
education researchers to confirm alignment with relevant constructs and content knowledge. Preand post-course survey scores were analyzed with a two-tailed Student’s t-test to highlight
statistical changes.

Results
The results of the analyses were organized thematically along the three components of
the science identity model. Before- and after-program REMS survey responses were collected
from 109 participants as either first-time students, near-peer mentors, REMS XL participants, or
a combination of these designations. Thus, 282 surveys in total were completed between 2013
and 2020.
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Performance/Competence
iClicker Quizzes
The performance component of marine science identity was assessed by analyzing
student responses to eight (8) multiple-choice questions in each of five (5) marine science
modules via iClicker content quizzes. The topics for the modules included: ocean acidification,
sea urchin fertilization, marine bioacoustics/behavior, coral reef ecology, and the scientific
method. Figure 5.5 compares the pre-post average correct scores of New Students and Mentors.
For New Students, the post-program average correct scores increased significantly for each
module (t(52), p < 0.001). Mentors also showed significant improvements in each of their quiz
assessment (t(17), p < 0.05), with the exception of the scientific method module for which there
was no observable change in scores (p = 0.75). A one-way ANOVA revealed that there was a
significant difference across pre-module scores for both New Student (F(4, 255) = 24.53, p <
0.001) and Mentor (F(4, 78) = 13.2, p< 0.001) groups (Figure 5.6). Tukey’s HSD Test for
multiple comparisons found that both New Students and Mentors on average scored lowest on
the Ocean Acidification module quiz before the program. In post scores, New Students still
scored significantly lower on the Ocean Acidification module than any other module, but Mentor
post scores were similar for all modules. Average quiz scores were also compared between the
student groups to examine if Mentors performed differently than New Students (Figure 5.7). In
three of the modules (Sea Urchin Fertilization: t(64) = 3.85, p <0.001; Marine Bioacoustics: t(66)
= 3.01, p = 0.003; Scientific Method: t(65) = 2.96, p = 0.004), New Student pre-module scores
were lower on average than Mentor pre-module scores, but there were no differences between
post-module scores between student groups. For the Ocean Acidification module, Mentors and
New Students scored similarly before the module, but after the module Mentors significantly
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out-scored New Students (t(67) = 2.22, p = 0.03). There were no pre- or post-module differences
between student group scores for the Coral Reef Ecology module.
REMS Program Survey
Student science competence was assessed with six (6) Likert-scale items (see Figure 5.4).
The survey items asked students to rate their understanding of content related directly to the
content modules (i.e., Ocean Acidification, Sea Urchin Fertilization, Marine Bioacoustics, Coral
Reef Ecology, Scientific Method). By the end of the program, New Students reported an
increased understanding of all topics (Ocean Acidification: U(Npre = 50, Npost = 53) = 271, z =
6.88, p <0.001; Sea Urchin Fertilization: U(Npre = 50, Npost = 53) = 526, z = 5.27, p <0.001;
Marine Bioacoustics: U(Npre = 50, Npost = 53) = 270.5, z = 6.88, p <0.001; Coral Reef Ecology:
U(Npre = 50, Npost = 53) = 330.5, z = 6.56, p <0.001; Scientific Process: U(Npre = 50, Npost = 53) =
466, z = 5.66, p <0.001) (Figure 5.8). Mentors reported an increased understanding for Ocean
Acidification (U(Npre = 17, Npost = 15) = 57.5, z = -2.62, p = 0.009), Sea Urchin Fertilization
(U(Npre = 17, Npost = 15) = 45, z = -3.1, p = 0.002), and Coral Reef Ecology (U(Npre = 17, Npost =
15) = 37.5, z = -3.38, p < 0.001) (Figure 5.9).
Comparing differences in competence scores between student groups (Figure 5.10), New
Students reported lower understanding than Mentors before each module (Ocean Acidification:
U(NNew Student = 50, NMentor = 17) = 158.5, z = -3.78, p <0.001; Sea Urchin Fertilization: U(NNew
Student

= 50, NMentor = 17) = 269.5, z = -2.23, p = 0.03; Marine Bioacoustics: U(NNew Student = 50,

NMentor = 17) = 123.5, z = -4.23, p <0.001; Coral Reef Ecology: U(NNew Student = 50, NMentor = 17)
= 210.5, z = -3.08, p = 0.002). Scientific Process understanding scores were compared among
New Student, Mentor, and REMS XL student groups. A Kruskal-Wallis test indicated a
significant effect of student type on pre-module scores (H(2) =14.2, p <0.001). Post-hoc Dunn’s
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test with Holm adjustment showed differences between the pre-module scores of New Students
and Mentors (p = 0.002) and New Students and REMS XL students (p = 0.02).
To explore whether student-reported competence correlated with actual quiz score
performance, average correct quiz scores were correlated with average competence scores per
module within each student group (Figure 5.11). New Student competence and performance
scores were significantly positively correlated (r(9) = .76, p = 0.01)). Mentor competence and
performance scores were moderately, although not significantly, correlated (r(9) = .58, p > 0.05).
The other REMS survey items relating to marine science competence asked students to
rate their ability to execute scientific tasks (“I can use the scientific process to ask a question and
develop a hypothesis.”; “I can develop an experiment to test a hypothesis.”; “I can analyze and
interpret experimental data to evaluate a hypothesis.”). Figure 5.12 illustrates response ranges
from New Students, Mentors, and REMS XL students. New Students reported significant
increases in perceived abilities for all three items (Analyze data: U(Npre = 103, Npost = 102) =
2434.5, z = -6.64, p <0.001; Develop experiment: U(Npre = 103, Npost = 102) = 2104.5, z = -7.41,
p <0.001; Scientific method: U(Npre = 103, Npost = 102) = 2344, z = -6.84, p <0.001), while
Mentors (Analyze data: U(Npre = 26, Npost = 27) = 229, z = 2.16, p = 0.03; Scientific method:
U(Npre = 26, Npost = 27) = 255, z = 2.23, p = 0.03) and REMS XL students (Analyze data: U(Npre
= 12, Npost = 9) = 15, z = -2.74, p = 0.006; Develop experiment: U(Npre = 12, Npost = 9) = 20.5, z
= -2.35, p= 0.02) reported significant gains for two of the three items.
Between student groups, New Student pre-program scores were lower than Mentor scores
for the three survey items (Analyze Data: H(2) = 8.61, p = 0.01; Develop Experiment: H(2) =
15.3, p < 0.001; Scientific Method: H(2) = 15.1, p = 0.001) (Figure 5.13). Post-hoc Dunn’s tests
showed that REMS XL students also reported lower pre-program scores than Mentors for the
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Develop experiment item (p = 0.02). There were no significant differences among post-program
scores for all student groups for the survey items.
Interest
Student interest in science was assessed with eight (8) Likert-score items and one openended survey item (see Figure 5.4). As all students express some interest in marine science
during program recruitment, it was expected for interest levels to be generally high in the study
population. Six (6) evaluative survey items asked New Students and Mentors to rate their interest
in the modules they had experienced during the program (Figure 5.14). As the REMS XL
Program focused exclusively on novel research projects and thus did not include inquiry-based
marine science modules, the REMS XL evaluation survey did not include these particular
interest construct questions. Both New Students (average score = 4.1) and Mentors (average
score = 4.0) reported high interest in the modules, and there were no significant differences in
ratings among modules or between student groups.
Two (2) pre-post REMS survey items asked New Students, Mentors, and REMS XL
students to comment on their enthusiasm about marine science and their interest in pursuing a
career in marine science (Figure 5.15). Although all student groups reported generally high
scores for both survey items before and after the program, New Students reported significantly
higher scores for both items post-program (Enthusiasm: U(Npre = 103, Npost = 105) = 3909, z =
3.45, p <0.001; Interest in Career: U(Npre = 103, Npost = 105) = 3921.5, z = 3.13, p = 0.002).
There were no significant changes in Mentor or REMS XL student responses between the start
and end of the program. In a comparison of scores between the two survey items, all student
groups reported significantly higher enthusiasm in marine science than interest in a career in
marine science before the program (New Students: U(Nenthusiasm = 103, Ncareer = 103) = 2829, z =
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2.66, p = 0.007; Mentors: U(Nenthusiasm = 26, Ncareer = 26) = 156.5, z = 2.36, p = 0.02; REMS XL
students: U(Nenthusiasm = 12, Ncareer = 12) = 36, z = 2.05, p = 0.04). Post-program, Mentor and
REMS XL scores were similar across the two items, but New Student enthusiasm scores
remained higher than interest in career scores (U(Nenthusiasm = 105, Ncareer = 105) = 32709.5, z =
2.21, p = 0.03). There were no significant differences in item scores among student groups,
although fewer REMS XL students seemed to indicate an intent to pursue a career in marine
science post-program (Figure 5.16). In response to the open-ended item asking about their
intended major, the most frequently reported major was Marine Sciences before and after the
program for New Students (45.9% and 57.3%) and Mentors (52.4% and 45.5%) (Figure 5.17).
Before the program, 36.4% of REMS XL students indicated their preference for a major in the
Marine Sciences. Post-program, all REMS XL students reported an intent to pursue a STEM
pathway, and 33.3% reported a Marine Science academic pathway specifically.
Recognition
The recognition construct of marine science identity was assessed by analyzing six (6)
Likert-score items (see Figure 5.4) that asked students about confidence in their science selfefficacy, how they integrate knowledge, and the relevance of marine science. In regard to their
science self-efficacy, New Students reported significant increases in their confidence of
understanding marine science (U(Npre = 103, Npost = 105) = 2201, z = 7.89, p < 0.001) and using
the scientific method to conduct an experiment (U(Npre = 103, Npost = 105) = 2254, z = 7.26, p <
0.001) (Figure 5.18). Mentors only reported significant gains in their confidence of
understanding marine science (U(Npre = 26, Npost = 25) = 205.5, z = -2.24, p = 0.03), and REMS
XL students did not report any significant changes in science self-efficacy confidence.
Comparing responses between student groups with a Kruskal-Wallis test indicated significant
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differences in the pre-program scores for both confidence in understanding marine science (H(2,
N = 141) = 11.68, p = 0.003) and using the scientific method (H(2, N = 141) = 13.01, p = 0.002)
(Figure 5.19). Post-hoc Dunn’s tests with Benjamini-Hochberg FDR adjustment showed New
Student confidence in understanding marine science was significantly lower than Mentor
confidence (p = 0.002), and New Student confidence in using the scientific method was lower
than both Mentor (p = 0.004) and REMS XL (p = 0.02) confidence. There were no differences
among student groups in post-program confidence scores for either item.
The next two (2) Likert-score items asked students about how well they integrate
knowledge across disciplines or beyond the classroom (Figure 5.20). New Students reported
significant positive shifts in applying what they learn in class to other situations (U(Npre = 103,
Npost = 105) = 3310, z = 4.83, p < 0.001) and connecting ideas from class with other knowledge
(U(Npre = 103, Npost = 105) = 2873, z = 5.84, p < 0.001). Mentors reported a significant positive
shift in connecting ideas (U(Npre = 26, Npost = 25) = 213, z = -2.10, p = 0.04), and REMS XL
students did not report any significant shifts. As with the previous recognition items, there were
significant differences between the student groups in their pre-program responses for both
applying what they learn in class (H(2, N = 141) = 13.61, p = 0.001) and connecting ideas with
other knowledge (H(2, N = 141) = 9.26, p = 0.01) (Figure 5.21). Both New Students (p < 0.001)
and REMS XL students (p = 0.007) reported lower scores than Mentors regarding applying their
knowledge beyond the classroom. New Students also reported lower scores than Mentors when
asked about connecting ideas with other knowledge (p = 0.004). By the end of the program, there
were no significant differences between student group responses to these survey items.
The final two (2) items included in the recognition construct asked students about the
relevance of marine science to their lives. Once again, New Student responses to both items
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significantly shifted more positive by the end of the program compared with pre-program scores
(Figure 5.22). New Students reported a greater interest in discussing marine science with their
friends or family (U(Npre = 103, Npost = 105) = 3581.5, z = 4.21, p < 0.001) and agreed
significantly more that ideas from the program related to their lives (U(Npre = 103, Npost = 105) =
2614, z = -6.14, p < 0.001). REMS XL students did not report any significant pre-post program
shifts, but Mentors did report a significantly increased post-program understanding of how ideas
from the program related to their lives (U(Npre = 26, Npost = 25) = 170.5, z = -2.90, p = 0.004).
Across student groups, there were no differences between New Student, Mentor, or REMS XL
student pre- or post-program responses for the survey item about discussing marine science with
friends and family (Figure 5.23). For the item asking about understanding of how ideas from the
program related to their lives, at the start of the program New Student scores were significantly
lower than either Mentor (p = 0.003) or REMS XL (p = 0.005) responses. Post-program, there
were no significant differences between New Student and REMS XL responses, but New Student
scores were still significantly lower than Mentor scores (p = 0.02).

Discussion
This study sought to examine how student marine science identity evolved through
participation in a place-based marine science research program. Place-based pedagogical
practices build upon students’ personal experiences and shared cultural, historical, and political
place. This concept is important as students, especially URM students, who feel more connection
with scientific content tend to perform better in the classroom and have more positive attitudes
toward science in general (Hulleman & Harackiewicz, 2009).
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The analytical framework utilized identity as a lens to examine constructs which may
influence how students see themselves as a “person of science” within the scientific community.
The results revealed positive post-program shifts in all three components of student marine
science identity as described in the identity model: Performance/Competence, Interest, and
Recognition.
Shifts in Performance and Competence
Students demonstrated positive post-program shifts in performance (content
understanding) and competence (knowledge and skill confidence). Both student groups
demonstrated gains in knowledge (Figure 5.5). Before the modules, both New Students and
Mentors answered the fewest correct responses in the Ocean Acidification (OA) module (Figure
5.6). After completing the modules, although New Students showed gains, their OA scores were
still significantly lower than the other modules. Mentor OA scores were similar to scores in the
other modules after completion. At the start of most modules, Mentors out-performed (i.e.,
answered more questions correctly) New Students (Figure 5.7), and scores across student groups
were similar after completing the modules. In four (4) of the five (5) modules, average New
Student post-program performance scores increased to match Mentor scores. However, in the
OA module student scores demonstrated a different pattern. At the start of the OA module,
Mentors scored similarly to New Students. Post-module, Mentor scores were significantly higher
than New Student Scores. Thus, although Mentors did not demonstrate a higher baseline
understanding of OA content before the module, post-module they demonstrated greater gains in
understanding than the New Students.
The performance results from the OA module are particularly interesting because the
module content focuses heavily on ocean chemistry. So-called “gateway” courses are one type of
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academic barrier that is thought to contribute to lower rates of URM persistence in STEM degree
programs (Pierszalowski & Bouwma-Gearhart, 2018). In the life sciences or pre-medical tracks,
chemistry courses are often cited as the ultimate barrier for many students, with URM students
being disproportionately affected (Barr et al., 2008). The general positive trends in quiz results
for the OA module may be explained with a well-documented phenomenon: that utilizing the
spacing effect with repetition of content (i.e., repeated exposure in spaced intervals) leads to
better memory (Kang, 2016). Improved learning with repetition may be due to the mediating
effect of processing fluency (i.e., having been exposed to material previously, it is easier to
process in repeated exposures) (Alter & Oppenheimer, 2009), but the OA module was the only
module where Mentors demonstrated a larger benefit to performance. These results may indicate
that educators could focus resources for repeated exposure only for specific types of content to
provide the greatest benefit to students (i.e., focus on repeating more technical content, such as
that found in a chemistry module).
In addition to better performance on in-class quizzes, confidence in marine science
content understanding increased for both New Students (Figure 5.8) and Mentors (Figure 5.9).
The program seemed to impact New Student confidence in knowledge more than Mentors: New
Students were less confident in their knowledge before the program, but by the end of the
program New Students were just as confident as Mentors (Figure 5.10). There was a moderate
positive correlation between module performance and competence scores suggesting that student
confidence and achievement were related (Figure 5.11). There were also increases in reported
confidence scores for science skills for all student groups (New Students, Mentors, and REMS
XL students) (Figure 5.12). Similar to trends in confidence of content understanding, New
Students reported lower confidence in their science skills at the start of the program, but they
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were just as confident as Mentors by the end of the program (Figure 5.13). Due to having the
most research experience, it was expected that REMS XL students would report higher
competence scores than New Students and Mentors. Surprisingly, REMS XL student responses
often mirrored New Student averages and they reported significantly lower science skills
confidence ratings than Mentors at the beginning of the program as well. This decrease in
reported competence might point to disruptors students face as they begin to navigate
undergraduate STEM programs. There is scant Native Hawaiian representation in research
examining experiences of URM students entering or navigating post-secondary STEM degree
programs, but potential disruptors for our target students may include culture-shock when
attending an out-of-state school, experiencing racial prejudices from professors and other
students in STEM programs, or forging a path as a first-generation college student (Allaire,
2018). Imposter syndrome, a psychological state of self-doubt for performing well within a
certain context or being discovered as a fraud even after demonstrated achievement, is especially
prevalent among URM students in STEM and may continue to contribute to high attrition of
these demographics in college and early professional STEM communities (Chrousos & Mentis,
2020). Authentic, place-based research experiences, like those provided by the REMS program,
may mitigate the effects of these barriers and bolster URM student confidence (as indicated by
increased post-program confidence scores for REMS XL students).
Shifts in Interest
During the recruitment process for the REMS programs, applicants all indicated an
interest in marine science. Both New Students and Mentors reported high interest in the marine
science modules experienced during the REMS program (Figure 5.14). Interestingly, students
rated interest in the more difficult modules (as measured by lower quiz scores) just as positively
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as the other modules. New Students reported increased interest in marine science and interest in
pursuing a career in marine science (Figure 5.15). There were no significant differences among
the reported interest levels of all student groups either pre- or post-program (Figure 5.16). All
student groups reported that their enthusiasm for marine science as a field was significantly
greater than their interest to pursue a career in marine science. However, approximately half of
the New Students and half of the Mentors declared an intent to pursue a marine science degree
(Figure 5.17). By the end of the program, only about one third of REMS XL students reported
their major (or intended major) as marine science, but they all intended to at least remain in a
STEM field.
Hazari et al. (2010) included “interest” as a construct in their student science identity
model because they postulated that interest in a subject is necessary for student persistence,
especially for students early in their careers. The importance of interest is also echoed in
psychological models for choice of a career, such as Social Cognitive Career Theory (SCCT)
that includes interest as a mediator between self-efficacy and persistence (Lent et al., 1994). The
Mentors and REMS XL students in this study were navigating important academic and career
decisions as they transition into undergraduate programs and attempt to find their place in STEM
communities. Each of the student groups reported high enthusiasm for marine science, and there
was almost unanimous intention to pursue or continue in STEM pathways. The responses to the
interest REMS survey items hint that development of interest in marine science in and of itself is
not enough to predict whether students choose a marine science career pathway, but the results
suggest that interest in marine science could be leveraged as a way to encourage persistence in
STEM fields.
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It is encouraging that students found all the modules interesting, regardless of their
performance on the module quizzes. When delivering the modules, both students and instructors
can appear worn down at the end of the more technical modules that require prolonged periods of
concentration (e.g., hours spent checking a microscope to note sea urchin zygote development).
Survey responses indicating that students find these modules just as interesting as the “fun”
modules (as deemed by the instructors – modules with charismatic animals or an in-water field
component) suggest that the students enjoyed or at least appreciated challenging modules. A
closer examination into the specific aspects that students found interesting or enjoyable is
warranted to hone the curriculum of future iterations of the REMS program.
Shifts in Recognition
The survey items used to measure shifts in student recognition fell into three groups: (a)
confidence in self-efficacy (do the students recognize themselves as capable of science?)
(Figures 5.18 and 5.19), (b) use of skills and knowledge beyond the classroom (does their selfefficacy translate to other contexts?) (Figures 5.20 and 5.21), and (c) personal relevance of
marine science (do students recognize marine science as a part of their lives?) (Figures 5.22 and
5.23). New Students and Mentors reported significant positive increases in each of these areas
after participating in the program. Once again following trends seen in the other constructs when
comparing responses among student groups, New Students reported lower scores than Mentors at
the beginning of the program, but New Students were scoring similarly to Mentors post-program.
Thus, for most metrics, New Students experienced greater gains.
Mentors and REMS XL students scored comparably high confidence in marine science
self-efficacy and personal relevance of marine science. However, as also seen in the results of
the competence construct, REMS XL students scored more similarly to New Students in their
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confidence connecting ideas and knowledge beyond the classroom. It should be noted that the
two (2) recognition survey items in question did not explicitly ask about marine science or
science knowledge and skills, but rather general academic knowledge and skills. Thus, the
relatively lower REMS XL student responses might be reflective of their recent experiences
transitioning to undergraduate learning communities. As mentioned in the previous section
describing Shifts in Performance and Competence, the REMS XL students are facing new
challenges that warrant further examination including potential culture shock from attending
continental US schools or experiencing curricula that are not relevant to their culture or history.
Mentors did report higher agreement than New Students pre- and post-program for one
recognition item: “I understand how ideas in this class relate to my own everyday life.” This is
an encouraging result that persisted across time (REMS XL students also reported high
agreement) and indicates the place-based aspects of the program curriculum were successful in
relating the content to the students’ lives. It also demonstrates that both first-time participants
and alumni experience similar effect sizes in their growing recognition of the relevancy of
marine science to their lived experiences. The only recognition item where New Students did not
report lower agreement than Mentors or REMS XL students was “I am interested in discussing
marine science with friends or family.” All student groups reported similarly high levels of
agreement to this survey item. It is especially important for students in our target demographics
to feel comfortable or encouraged to share aspects of their marine science identity with people
the students view as important in their lives.
Recognition as a “person of science” may be one of the more powerful drivers of marine
science identity development in URM students (Byars-Winston et al., 2016; Carlone & Johnson,
2007; Cohen & Garcia, 2008; Kim et al., 2018; Schinske et al., 2015). This recognition is
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especially impactful when provided by “meaningful others”, either within the science community
(e.g., professors, professional researchers) or in the student’s home community (e.g., parents,
siblings, friends). Allaire (2018) noted through his discussions with Native Hawaiian members of
Hawaiʻi’s STEM community: “Perhaps the most critical source of support [for their identity
development as Native Hawaiians and STEM professionals], came from the participants’
families. […] [T]he influence and support of the participants’ parents and extended family
cannot be understated” (p. 186). As programs are conceived and developed to nurture the science
identity of URM students, it is important to remember that in many of these communities it takes
more than a scientist to make a scientist.
Towards a Marine Science Identity Model for Hawaiʻi Students
The analytical framework for student marine science identity used in this study was
grounded in an identity model proposed by Carlone and Johnson (2007) which has been adapted
by other researchers to address observations from different disciplines (e.g., physics student
identity (Hazari et al., 2010), chemistry identity (Hosbein & Barbera, 2020), computer science
identity (Garcia et al., 2018)). In their study, which focused on the experiences of women of
color in science, Carlone and Johnson (2007) found that of the three main components in their
model – performance, competence, and recognition – the critical factor was recognition,
specifically recognition by meaningful others (e.g., family, respected scientists). Interest has
been suggested as another construct that plays a role in the development of science identity
(particularly for students or those early in their careers as a catalyst for initially entering a
science field (Hazari et al., 2010), but high interest in science may not predict pathway
persistence or the development of strong science identities without support from members of
home and science communities (Carlone & Johnson, 2007).
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In a more recent study, Vincent-Ruz and Schunn (2018) examined whether perceptions of
personal and external views of one’s identity as a person of science (i.e., recognition as a
scientist, which they term ‘science identity’) are independent from or integrated with other
affective constructs such as (a) attitudes towards science (which includes fascination (i.e.,
interest)), (b) values (similar to the utility value of motivation theory), and (c) competency
beliefs (i.e., competence in science). Their analysis incorporated (a) an exploratory factor
analysis to examine whether recognition differed from the other affective constructs and (b) the
use of multiple regression modeling to test whether science identity predicted student experience
outcomes (predictive validity) and whether perceived internal and external identity predicts
outcomes differently. The results of their analysis suggest perceived science identity and
perceived recognition of science identity to be strongly tied together (i.e., self- and other (or
external)-recognition are both important and linked). They also concluded that science identity
overall is a strong predictor of students’ science-related choices. Science identity behaves
separately from other attitudinal factors regarding students’ experience of science communities
and has a unique contribution to our understanding of students’ choices.
In the current study, New Students showed the largest shifts in items measuring the
marine science identity constructs (i.e., performance/competence, interest, and recognition), but
Mentors and REMS XL students, despite their smaller sample sizes, also showed significant
shifts in their marine science identities. REMS XL student data perhaps showed some of the
most interesting trends. REMS XL student pre-program scores were frequently lower than
Mentor scores and similar to new Student Scores. This pattern may be attributed to the more
experienced REMS XL students recognizing the complexities of navigating a new undergraduate
experience and thus doubting their abilities (an example of the Dunning-Kruger effect (Kruger &
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Dunning, 1999)). Although not significant, REMS XL students indicated slightly decreased
scores on a couple post-program items. Most notably, REMS XL students reported a (nonsignificant) decrease in interest in a career in marine science. However, this might be attributed
to developing interest in other STEM pathways as the students become more familiar with
tangential fields through the REMS program or university programs. Thus, the students were not
simply losing interest in marine science, but instead refining their interest in the general STEM
community (as indicated by the REMS XL students who all indicated a desire to pursue marine
science or STEM pathways by the end of the program). Future work is needed to examine
whether this interpretation explains the student responses and to explore reasons why the
students valued the field of marine science but indicated preference for different STEM career
pathways.
This study sought to examine whether the constructs of student marine science identity
shifted for participants in a place-based marine science research program and whether recurrent
exposure to the curriculum continued to nurture marine science identity development. In
summary, the results demonstrate that all three constructs of marine science identity
(Performance/Competence, Interest, and Recognition) were strengthened after participation in
the REMS and REMS XL programs. All student groups reported positive shifts in marine
science identity, but New Students reported the most significant changes. Pre-program, Mentors
(late-high school through early undergrad age) reported higher scores than New Students in most
items. REMS XL students (early-mid undergrad age) scored more similarly to New Students in
pre-program responses, but had “recovered” to match Mentor scores by the end of the program.
On several of the survey items, the REMS XL student data also indicated unique response
patterns that warrant further investigation coupled with larger sample sizes, into student marine
107

science identity development is required. Place-based pedagogies are especially important in
developing more inclusive science learning experiences, and URM students who enter
undergraduate programs with a stronger view of science as culturally relevant to issues in their
home communities develop greater science identity over time (M. C. Jackson et al., 2016). The
following Chapter explores the connection between place-based pedagogy and student marine
science identity more closely to identify the specific aspects of our curriculum that our students
value the most.
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Note. Adapted from models originally developed by Carlone and Johnson (2007) and modified by Hazari et al. (2010).

Student Science Identity Model

Figure 5.1
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Hispanic
1%

Native Hawaiian or Part-Hawn: 51.4%
Chuukese: 2.8%
Samoan: 0.9%

Native Hawaiian
and Pacific Islander
55%

http://manoa.hawaii.edu/miro/wp-content/uploads/2014/07/Race-Ethnicity-Student-and-Faculty.pdf

Demographics utilized as per University of Hawaiʻi race and ethnicity reporting protocols:

applications. Racial categories reflect those used by the University of Hawaiʻi System for reporting purposes.

Note. Self-reported ethnicities of total participants (N = 109) in response to an open-ended question on program

Mixed Race
20%

Filipino: 5.5%
Japanese: 2.8%
Chinese: 1.8%
Mixed Asian: 6.4%

Asian
17%

Caucasian
7%

Research Experiences in Marine Science (REMS) Program Participant Ethnicities

Figure 5.2
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Note. Mentors were recruited from the New Student group, and REMS XL students were recruited from the Mentor group.

Definitions of Program Student Groups

Figure 5.3

Figure 5.4
Instrument Items within Identity Framework

Performance /
Module content quiz scores
Competence I understand how increasing carbon dioxide in the atmosphere might affect
†

the health of corals and many marine organisms.

I understand the effects of water quality on the fertilization processes of
marine organisms, particularly sea urchins.
I understand how many marine organisms, such as snapping shrimp, use
sound in the ocean for different purposes.
I understand the ecology of coral reefs.
I understand the scientific process.
I can use the scientific process to ask a question and develop a hypothesis.
I can develop an experiment to test a hypothesis.
I can analyze and interpret experimental data to evaluate a hypothesis.
††

Please rate your interest on:

I am confident that I understand marine science.

- Scientific method lecture and guided inquiry activity.

I am confident that I can use the scientific process
to execute a research project.

- Career day in presentations, discussions, and resources.
- Coral reef ecology lecture/ photoquad reef monitoring activity.

I am in the habit of connecting key ideas I learn in my classes
with other knowledge.

- Ocean Acidification lecture/ lab activity

I am in the habit of applying what I learn in classes to other
situations.

- Bioacoustics of snapping shrimp lecture/ field collection/ lab
activity

I understand how ideas in this class relate to my
own everyday life.
I am interested in discussing marine science with
friends or family.

Recognition

- Sea urchin fertilization lecture/ field collection/ lab activity

If you have a specific major in mind, please tell us what it is.
I am enthusiastic about the marine science.
I am interested in taking or planning
to pursue a career in marine science.

Interest

Note. Categorization of iClicker module quizzes and Research Experiences in Marine Science
(REMS) Program survey items aligned with the science identity model constructs they reflect.
†

Quiz scores are collected from iClicker multiple-choice quizzes delivered during the marine

science modules. ††This group of “Interest” questions are part of the program evaluation portion
of the survey instrument delivered on the final day of the program.
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Figure 5.5.
Performance: Comparing Pre- and Post-Module iClicker Quiz Scores
Pre

Average Correct Responses
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b) Mentor

Note. Average items answered correctly on 8-question iClicker content quizzes, collected from
a) New Students (N = 54) and b) Mentors (N = 18) during the 2016 – 2018 REMS programs.
Pre-post difference in score averages were compared with a paired Student’s t-test.
*p<0.05. **p<0.01. ***p<0.001.
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Letters not in common within pre- or post-test results indicate significant differences between modules. *p < 0.05.

ANOVA and post-hoc Tukey tests.

(bottom) Mentors (N = 18) during the 2016 – 2018 REMS programs. Differences between modules were compared with an

Note. Average correct responses on 8-question iClicker content quizzes, collected from (top) New Students (N = 54) and
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Performance: Comparing iClicker Quiz Scores Among Modules

Figure 5.6
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Figure 5.7

Average correct responses

8

Average correct responses

Performance: Comparing iClicker Scores Between Student Groups
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Ocean Acidification
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Pre

Sea Urchin Fertilization

0

Post
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Post
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Marine Bioacoustics
Pre

Coral Reef Ecology
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Average correct responses
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Scientific Method
Pre

Post

Note. Differences between student groups compared with paired Student’s t-tests.
*p<0.05. **p<0.01. ***p<0.001.
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Figure 5.8
Competence: Pre- and Post-Program New Student Science Knowledge Competence
1: not at all

2: just a little

3: somewhat

4: a lot

5: a great deal

Ocean Acidification
Sea Urchin Fertilization
Marine Bioacoustics
Ecology of Coral Reefs
Pre

Scientific Process
***

Sea Urchin Fertilization

***

Marine Bioacoustics

***

Ecology of Coral Reefs
Scientific Process

Post

Ocean Acidification

***
New
Student

-100%

***
-50%

0%

50%

100%

Note. Responses to competence REMS survey items of perceived understanding (1 = Not at
all, 5 = A great deal) relating to five (5) program modules from New Students (N = 54) in the
2016-2018 REMS programs. Differences in pre-post scores were analyzed with MannWhitney U-tests.
***p<0.001.
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Figure 5.9
Competence: Pre- and Post-Program Mentor Science Knowledge Competence
1: not at all

2: just a little

3: somewhat

4: a lot

5: a great deal

Ocean Acidification
Sea Urchin Fertilization
Marine Bioacoustics
Ecology of Coral Reefs
Pre

Scientific Process
**

Sea Urchin Fertilization

**

Post

Ocean Acidification

Marine Bioacoustics
Ecology of Coral Reefs
Scientific Process

***
Mentors

-100%

-50%

0%

50%

100%

Note. Responses to competence REMS survey items of perceived understanding (1 = Not at
all, 5 = A great deal) relating to five (5) program modules from Mentors (N = 18) in the 20162018 REMS programs. Differences in pre-post scores were analyzed with Mann-Whitney Utests.
*p<0.05. **p<0.01. ***p<0.001.
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Figure 5.10
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Sea Urchin Fertilization
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***
Marine Bioacoustics
Pre
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Post

**
Coral Reef Ecology

Post
Average Likert score

Average Likert score

Average Likert score

Competence: Comparing Science Knowledge Competence Scores Among Student Groups

Pre

Post

** *
Scientific Processa
Pre

Post

Note. Average Likert scores (1 = Not at all, 5 = A great deal) on REMS survey items collected
from New Students (N = 54) and Mentors (N = 18) in the 2016 – 2018 REMS programs, and
REMS XL students (N = 12). Differences among student groups compared with MannWhitney tests for two groups, and Kruskal-Wallis with post-hoc Dunn’s tests for three groups.
a

The survey for REMS XL students only included this item.

*p<0.05. **p<0.01. ***p<0.001.
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Figure 5.11

Average Competence Score
per Module

Correlation of Student Performance (iClicker) and Competence (REMS Survey) Scores

r = .76**
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New Students

0
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Average Competence Score
per Module

Average Correct Quiz Responses
per Module

r = .58
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1

Mentors

0
0

1
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4

5

6

7

8

Average Correct Quiz Responses
per Module

Note. Correlated performance and competence scores of New Students (top, N = 54) and
Mentors (bottom, N = 12) in the REMS 2016-2018 programs. Each dot represents the
coordinate score (x = average correct quiz responses, y = average competence score) for a
REMS module (e.g., ocean acidification, marine bioacoustics). Black dots are pre-program
scores, and white dots are post-program scores.
**p = 0.01.
119

Figure 5.12
Competence: Pre- and Post-Program Student Science Skills Competence
1: not at all

2: just a little

0%

50%

100%

*
*

Mentor
-50%

0%

50%

100%

*
**

REMS XL
-50%

0%

50%

Post

-100%

-50%

Pre

Analyze and interpret data
Develop an experiment
Use the scientific method
Analyze and interpret data
Develop an experiment
Use the scientific method

New

Post

-100%

***
***
***

Pre

Analyze and interpret data
Develop an experiment
Use the scientific method
Analyze and interpret data
Develop an experiment
Use the scientific method

5: a great deal

Post

-100%

4: a lot

Pre

Analyze and interpret data
Develop an experiment
Use the scientific method
Analyze and interpret data
Develop an experiment
Use the scientific method

3: somewhat

100%

Note. Responses to REMS Survey science skills competence items (1 = Not at all, 5 = A great
deal) collected from New Students (N = 87), Mentors (N = 24), and REMS XL students (N =
12). Differences in pre-post scores were analyzed with Mann-Whitney U-tests.
*p<0.05. **p<0.01. ***p<0.001.
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*p<0.05. **p<0.01. ***p<0.001.

Kruskal-Wallis tests with post-hoc Dunn’s tests.

REMS XL students (white circle, dashed line; N = 12). Differences in scores among student groups were analyzed with

science skills collected from new students (black circle, black line; n = 87) and mentors (grey circle, grey line; n = 22) and

Note. Average Likert scores (1 = Not at all, 5 = A great deal) on competence REMS survey items relating to three (3)
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Competence: Comparing Science Skills Competence Scores Among Student Groups

Figure 5.13

Average Likert score

Figure 5.14
Interest: Student Evaluations of Interest in REMS Marine Science Modules

Ocean Acidification
Sea Urchin Fertilization
Marine Bioacoustics
Coral Reef Ecology
Scientific Process
Career Day

New Students

-100%

-50%

0%

50%

100%

-50%

0%

50%

100%

Ocean Acidification
Sea Urchin Fertilization
Marine Bioacoustics
Coral Reef Ecology
Scientific Process
Career Day

Mentors

-100%

Note. New Student (N = 87) and mentor (N = 22) responses to REMS survey items (1 = Not at
all interested, 5 = Extremely interested) relating to interest in the marine science modules
delivered during 2013-2018 REMS programs. The survey prompt for each item is: “Please rate
your interest for the [module name] lecture and lab activities.”
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Figure 5.15
Interest: Pre- and Post-Program Student Interest in Marine Science
1: not at all interested

2: a little interested

3: somewhat interested

4: highly interested

5: extremely interested

Pre

Marine Science
Career in Marine Science

***
**

Career in Marine Science New Student

-100%

-50%

0%

50%

100%

-50%

0%

50%

100%

-50%

0%

50%

100%

Pre

Marine Science
Career in Marine Science

Post

Marine Science
Career in Marine Science

Mentor

-100%

Pre

Marine Science
Career in Marine Science

Post

Marine Science
Career in Marine Science

Post

Marine Science

REMS XL

-100%

Note. New Student (N = 87), Mentor (N = 24), and REMS XL student (N = 12) responses to
REMS survey items (1 = Not at all interested, 5 = Extremely interested) relating to interest in
marine science and marine science careers. Differences in pre-post scores were analyzed with
Mann-Whitney U-tests.
**p < 0.01. ***p < 0.001.
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Figure 5.16

Average Likert Score

Interest: Comparing Marine Science Interest Scores Among Student Groups

5
4
3
2
1
0

Enthusiastic about marine science

Average Likert Score

Pre

Post

5
4
3
2
1
0

Planning career in marine science

Pre

Post

Note. Average New Student (N = 87), Mentor (N = 24), and REMS XL student (N = 12)
responses to REMS survey items (1 = Not at all, 5 = A great deal) relating to interest in marine
science and marine science careers.
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Figure 5.17
Interest: Pre- and Post-Program Student Intended/Reported University Major

New Student Pre

New Student Post

4.1%

12.2%

10.5%

2.6%

5.3%

6.8%

45.9%

9.2%
55.3%

10.8%
15.8%
20.3%
Mentor Pre

Mentor Post

4.8%

9.1%

19.0%

13.6%
45.5%
52.4%

19.0%

27.3%
REMS XL Pre

REMS XL Post

18.2%
33.3%

36.4%
9.1%
66.7%
36.4%

Note. New Student (N = 106), Mentor (N = 27), and REMS XL student (N = 12) responses.
“Marine Sciences” includes Marine Biology, Oceanography, and other majors that are related
to ocean sciences. “Clinical/Professional” majors include pre-med and pre-vet tracks. “Other
Natural Sciences” includes life sciences (e.g., biology, botany) and physical sciences (e.g.,
physics, chemistry) that do not explicitly relate to ocean sciences.
125

Figure 5.18
Recognition: Pre- and Post-Program Recognition of Self-Efficacy

Pre

Understand Marine Science
Use the Scientific Method
Use the Scientific Method

New Students

-100%

-50%

0%

50%

100%
Pre

Understand Marine Science
Use the Scientific Method

Mentors

-100%

-50%

0%

50%

100%

-50%

0%

50%

100%

Pre

Understand Marine Science
Use the Scientific Method

Post

Understand Marine Science
Use the Scientific Method

Post

*

Understand Marine Science
Use the Scientific Method

Post

***
***

Understand Marine Science

REMS XL

-100%

Note. Student responses (New Students (N = 105), Mentors (N = 26), REMS XL (12)) to
REMS survey prompts asking about confidence in their understanding of marine science and
the ability to use the scientific method to conduct an experiment. Pre- and post-program
differences were analyzed with a Mann-Whitney U-test.
*p<0.05. ***p<0.001.
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Figure 5.19

Average Likert score

Recognition: Comparing Recognition of Self-Efficacy Among Student Groups
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4
3

**

2
1
0

Confident I understand marine science

Average Likert score

Pre

Post

5
4

* **

3
2
1
0

Confident I can use the scientific process
Pre

Post

Note. Average student responses (New Students (N = 105), Mentors (N = 26), REMS XL (12))
to REMS survey prompts asking about confidence in their understanding of marine science
and the ability to use the scientific method to conduct an experiment. Differences among
student group scores were analyzed with Kruskal-Wallis tests with post-hoc Dunn’s tests.
*p<0.05. **p<0.01.
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Figure 5.20
Recognition: Pre- and Post-Program Marine Science Use Beyond the Classroom

Connecting ideas with other knowledge

***
***

Applying what I learn to other situations
Connecting ideas with other knowledge

New Students

-100%

-50%

0%

50%

100%

Connecting ideas with other knowledge
Applying what I learn to other situations

*

Mentors

-100%

-50%

0%

50%

100%

-50%

0%

50%

100%

Pre Post

Applying what I learn to other situations
Connecting ideas with other knowledge
Applying what I learn to other situations
Connecting ideas with other knowledge

REMS XL

-100%

Pre Post

Applying what I learn to other situations

Connecting ideas with other knowledge

Pre Post

Applying what I learn to other situations

Note. Student responses (New Students (N = 105), Mentors (N = 26), REMS XL (12)) to
REMS survey items (1 = Not at all, 5 = A great deal) regarding how well they integrate
knowledge across disciplines or beyond the classroom. Pre- and post-program differences were
analyzed with a Mann-Whitney U-test.
*p<0.05. ***p<0.001.
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Figure 5.21

Average Likert score

Recognition: Comparing Self-Efficacy Beyond the Classroom Among Student Groups

5
4

** ***

3
2
1

Apply what I learn in classes to other situations

0

Average Likert score

Pre

Post

5
4

**

3
2
1
0

Connect key ideas from classes with other knowledge
Pre

Post

Note. Average student responses (New Students (N = 105), Mentors (N = 26), REMS XL (12))
to REMS survey items (1 = Not at all, 5 = A great deal) regarding how well they integrate
knowledge across disciplines or beyond the classroom. Differences among student group
scores were analyzed with Kruskal-Wallis tests with post-hoc Dunn’s tests.
**p<0.01. ***p<0.001.
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Figure 5.22
Recognition: Pre- and Post-Program Personal Relevance of Marine Science

Ideas in this class relate to my life

***
***

Discussing marine science with friends or family
Ideas in this class relate to my life

New Students

-100%

-50%

0%

50%

100%

Ideas in this class relate to my life
Discussing marine science with friends or family

**

Mentors

-100%

-50%

0%

50%

100%

0%

50%

100%

Pre Post

Discussing marine science with friends or family
Ideas in this class relate to my life
Discussing marine science with friends or family
Ideas in this class relate to my life

REMS XL

-100%

-50%

Pre Post

Discussing marine science with friends or family

Ideas in this class relate to my life

Pre Post

Discussing marine science with friends or family

Note. Student responses (New Students (N = 105), Mentors (N = 26), REMS XL (12)) to
REMS survey items (1 = Not at all, 5 = A great deal) regarding relevance of marine science
concepts to personal life. Pre- and post-program differences were analyzed with a MannWhitney U-test.
**p<0.01. ***p<0.001.
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Figure 5.23

Average Likert score

Recognition: Comparing Personal Relevance of Marine Science Among Student Groups
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Discuss marine science with friends and family

Average Likert score
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Post
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4

*
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3
2
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Understand how ideas from class relate to my life
Pre

Post

Note. Average student responses (New Students (N = 105), Mentors (N = 26), REMS XL (12))
to REMS survey items (1 = Not at all, 5 = A great deal) regarding relevance of marine science
concepts to personal life. Differences among student group scores were analyzed with
Kruskal-Wallis tests with post-hoc Dunn’s tests.
*p<0.05. **p<0.01.

131

CHAPTER SIX
STUDY TWO: RELEVANCE OF SCIENCE, CONCEPTUALIZATION OF
SCIENTISTS, AND CONTEXTUALIZED “FAILURE” AS MEDIATORS IN THE
DEVELOPMENT OF STUDENT SCIENCE IDENTITY

In psychological literature, fear of failure is a complex construct that is expressed through
an interplay between affective responses, personality, and cognitive processes (Henry et al.,
2021). Early conceptualizations of fear of failure focused on affective (i.e., emotional) responses,
particularly anxiety or nervousness, that lead to avoidance behaviors. Later definitions
incorporated non-affective personality and cognitive processes. For example, Conroy et al.
applied the cognitive-motivational-relational theory of emotion (Lazarus, 1991) to describe fear
of failure as a multidimensional construct composed of two processes: (1) a student anticipates
failure is possible or recognizes they are presently failing, and (2) a student predicts that failing
in this situation will have negative consequences (Conroy et al., 2003). In STEM academic
settings, fear of failure may have specific contextual drivers (such as fear of uncertain future or
fear of upsetting important others) and has been linked with procrastination, reduced motivation,
and attrition from STEM pathways (Henry et al., 2021). Ironically, although the natural science
research process itself requires the ability to navigate obstacles and utilize an iterative process in
response to failure (e.g., an animal does not behave; data does not match predicted patterns),
research and instructor-driven curricula are only beginning to address ways in which to nurture
this perspective and skill in students (Henry et al., 2019).
Student experiences in a Science, Technology, Engineering, and Math (STEM) learning
environment (which includes content, verbal interactions, and elements of the physical space)
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play a large role in influencing student interest and participation in science (Cheryan et al., 2009;
Ramsey et al., 2013). Several models based on social cognitive and identity theories have been
proposed that describe factors that strengthen or weaken specific psychological constructs as a
student experiences feedback cues in social learning environments, such as the science
classroom. For example, Estrada et al. (2011) propose an applied Tripartite Integration Model of
Social Influence (TIMSI) that emphasizes the link between mentorship and research experience
with integration into the STEM community via three mediating factors: science self-efficacy
(i.e., one’s belief in their ability to perform tasks to reach an outcome in a science context),
science identity (i.e., self-recognition as a person of science), and integration of science values
(i.e., how important are scientific values to oneself?). Another example is the Social Cognitive
Career Theory model (Byars-Winston et al., 2016; Lent et al., 1994) that describes how sources
of self-efficacy within a science learning environment influence science self-efficacy, science
identity, and outcome expectations (i.e., belief in the likelihood to reach a specific outcome)
which in turn contribute to choosing a career in STEM. While each of these models have unique
emphases that subtly distinguish them for each other, they all inform how negative experiences
resulting from either the student’s action (e.g., failing a test) or presence (e.g., being the only
student of a specific race or ethnicity in the classroom) may negatively impact student
confidence, sense of belonging, and motivation, and ultimately contribute to a fear of failure.
Social Cognitive Career Theory (SCCT) in particular provides a suitable framework for
exploring which elements of a learning environment affect the student experience, whether
positively or negatively. SCCT was developed as a way to model factors that predict student
persistence from learning environments through to specific career pathways (Lent et al., 1994).
SCCT posits that a learning experience (e.g., a research program), influenced by inputs personal
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to the student (e.g., personality, knowledge, ethnicity) or encompassing the broader contextual
background (e.g., Hawaiʻi marine science classroom located on a coral reef), provides elements
that contribute to career outcomes (e.g., persisting in STEM career pathway). Within the learning
experience, the constructs of (a) performance accomplishments, (b) vicarious learning, (c) social
persuasion, and (d) affective arousal affect self-efficacy and outcome expectations. In the context
of fear of failure, if the sources of self-efficacy from the learning environment are negative (i.e.,
the student has a negative learning experience), then students will be less confident in their
abilities to attain a specific outcome and thus less motivated to move towards that goal.
However, students with high self-efficacy (e.g., “I can test a hypothesis”) and positive outcome
expectations (e.g., “I can support a family with a STEM career”) would be more interested in or
behave in a way to reach specific career goals (i.e., earning a STEM degree or working as a
STEM professional). In addition to science self-efficacy, studies have recently suggested that
factors, such as perceived value of science and science identity, are important co-predictors of
persistence in STEM for underrepresented minority (URM) students (Ballen et al., 2017; ByarsWinston et al., 2016; Carlone & Johnson, 2007; Chemers et al., 2011; Trujillo & Tanner, 2014).
To partially account for the role science identity plays in student career choices, Byars-Winston
et al. (2016) developed a modified SCCT model that incorporates science identity as a predictor
of STEM persistence along with self-efficacy and outcome expectations. In simplified terms, the
modified SCCT model proposes that science self-efficacy influences science identity (“I can do
science, so I am a science person”), and science identity influences outcome expectations (I am a
science person, so I will succeed in science”), which ultimately leads to persistence in STEM.
From an Identity Theory viewpoint, science self-efficacy and science identity are
overlapping constructs. As described in Chapter Five, Carlone and Johnson (2007) defined three
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constructs in science identity: performance, competence, and recognition. Subsequent studies
examining student science identity have combined “performance” (ability to complete science
tasks) and “competence” (belief in ability to complete science tasks) into a single construct
(Hazari et al., 2010) that is analogous to “science self-efficacy” (Flowers & Banda, 2016).
Similarly, the “recognition” construct of the identity model (i.e., recognition as a person of
science) can be compared with the general “science identity” factor in both the TIMSI and SCCT
models (often measured through agreement with survey items such as “I am a science person”),
while the “interest” construct as proposed by Hazari et al. (2010) (i.e., interest in science) could
be likened to the constructs “integration of science values” (TIMSI) or “motivation to pursue
science” (SCCT). Thus, models that explore factors contributing to student persistence in STEM
also help explain how student science identity develops within specific learning environments
(e.g., Chemers et al., 2011; Hosbein & Barbera, 2020a). Understanding which factors in a
science learning experience are most influential to the development and maintenance of student
science identity is critical to promoting positive outcome expectations and resilience in the face
of failure.
The study presented in this chapter explored the elements of the Research Experiences in
Marine Science (REMS) Summer Program valued by student participants in the development of
student science identity. The REMS program is a course-based undergraduate research
experience (CURE) for Hawaiʻi students transitioning to college STEM programs (Rivera et al.,
2021). In modeling ways to evaluate the effects of CUREs on undergraduate participants,
Corwin et al. (2015) described student identity formation as potentially correlated with increased
tolerance for research obstacles and persistence in STEM. As a place-based CURE, the REMS
program may provide unique insights to the development of resilience to failure and science
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identity in Native Hawaiian and Pacific Islander students. This knowledge is especially
necessitated as these students are rarely included in studies of undergraduate experiences of
URM students in STEM (Allaire, 2018).
Chapter Five primarily analyzed student science identity from the perspective of the
researcher utilizing individual assessments (i.e., surveys and quizzes). Here the development of
student science identity was examined from the perspective of the students themselves through
surveys, student-produced images of scientists, and a social instrument: the focus group
interview. This instrument was chosen to allow student-participants the opportunity to enrich the
researcher’s perceptions of their science identities (initially guided by the identity model
described in Chapter Five) and to influence the analytical process. In this way, the constructs of
the student science identity model are informed by the students themselves.
Thus, utilizing open-ended survey responses, student images, and focus group interviews
that were analyzed within SCCT and Identity Theory frameworks, this chapter sought to examine
factors that might mitigate fear of failure in science for Hawaiʻi students transitioning to
undergraduate STEM programs. The current study explored three (3) research questions: (a)
What are the potential cognitive mediators that link science self-efficacy and student science
identity development for Hawaiʻi students in a place-based, experiential marine science research
program? and (b) Which elements of a place-based, experiential marine science research
program do Hawaiʻi students value in the development of their student science identity? and (c)
How does the conceptualization of a “person of science” influence Hawaiʻi students’ selfrecognition as scientists?
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Materials and Methods
Study Context
For this chapter, the analysis was primarily qualitative in nature. Although some
quantitative analyses were used to compare differences within and across student groups and to
apply statistical tests, the primary goal of the study is to identify and describe thematic constructs
important to the students in the development of their science identities. The analysis was
influenced by the previously described SCCT and student science identity models. However, as
this was an exploratory endeavor, the analysis was flexible and driven by themes elicited from
the students.
This study took place at the Marine Science Research Learning Center (MSRLC) of the
Hawaiʻi Institute of Marine Biology (HIMB) during the 2013-2018 REMS Summer Programs,
and in 2019-2020 during the pilot of REMS Excel (REMS XL) – a longer, more project-focused
version of REMS. The authors were instructors for each year of the programs and developed the
curriculum for each REMS iteration. 2018 REMS and 2019-2020 REMS XL students were
directly recruited into this study after UH Mānoa Institutional Review Board Approval (Protocol
# 2019-00605). Anonymous data from previous years (2013-2017) was also included to provide
data from 109 participants.
Instruments
The instruments for this study include materials produced through the REMS curriculum
(pre- and post-course surveys) as well as instruments that were created to elucidate additional
insights to student attitudes and perceptions (student illustrations and focus group interviews).
Brief descriptions of these instruments, as well as logistical information about the administration
of the instruments, are listed in Table 6.1. Completion of the instruments was voluntary, and
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students could opt out either partially or wholly. The instruments were not required participation
in the program, nor were they included for participatory points or calculation of student grades.
Research Experiences in Marine Science (REMS) survey
A total of 145 pre-program REMS surveys and 145 post-program REMS surveys were
administered over the 2013-2019 REMS/REMS XL programs (New Student N = 106; Mentor N
= 27; REMS XL Student N = 12). As the survey instrument was originally designed to collect
program evaluation data for the REMS program (see Chapter Five), analysis focused on a subset
of items relevant for this study that aligned with the constructs of place, SCCT (i.e., research
learning environment, science self-efficacy, student science identity, and outcome expectations)
and the student science identity model (i.e., recognition, performance/competence, and interest)
were examined. Questions used in the analyses were identified as having direct connection to
these constructs of interest and had consistent response rates and question wording through
course iterations. In addition to being grounded within the analytical framework, the survey
items were reviewed by experts in natural science and education research to confirm alignment
with relevant constructs and content knowledge. Finally, item responses were also triangulated
with responses to analogous questions from the focus group interviews to provide more
contextual validity evidence for the use and interpretation of the survey instrument.
The open-ended survey item responses were coded via a constant comparative analysis
influenced by SCCT and the identity constructs used to frame this study’s design. Constant
comparative analysis, as developed by Glaser and Strauss (Glaser, 1992; Glaser & Strauss, 1967;
Strauss, 1987), is a method developed within the Grounded Theory framework that guides
systematic, iterative categorization of coded qualitative data from individual factors to broad
thematic categories (Onwuegbuzie et al., 2009). For the initial coding of response data, the
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author reviewed all pre-program responses by New Students to a single survey item. The author
assigned summative descriptive (i.e., a summary word or phrase that describes the student
response) and values codes (i.e., participant’s values, beliefs, or attitudes regarding a construct or
world-view) for each response (Saldaña, 2015). After New Student pre-program responses were
thus coded, the author continued with Mentor and REMS XL responses to the same survey item.
The author reviewed responses until no new codes emerged (i.e., saturation). This process was
then repeated for post-program responses. The researcher then utilized focused pattern coding to
highlight salient codes (e.g., those that appeared most frequently) and map relationships between
similar codes (e.g., correlations between the appearance of one code and another). Longitudinal
coding (i.e., comparing codes elicited from multiple time-points) was used to examine
differences in code frequency or use between pre- and post-program responses, as well as to flag
differences between student groups. The results of these analyses were then reviewed and
discussed with the director of the REMS program (M. A. J. Rivera) until there was complete
agreement on the emergent codes and relationships.
Draw-a-Scientist Test (DAST) Protocol
On the first and last day of the 2017 and 2018 REMS programs, students participated in
an activity based on Chambers’ (1983) “draw-a-scientist” protocol to assess student
conceptualizations of scientists. The protocol for this activity was simple: students are given a
pencil, a piece of white, 8.5x11” printer paper, and the verbal prompt “Draw a scientist.”
Participants are given 10 minutes to complete their illustrations, after which they are collected by
the instructor. Student-drawn images of scientists illustrate the indicators students use to
recognize others or themselves as scientists and allow students to express their abstract
perceptions in a non-verbal, graphical way.
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The general composition of the image was quantitatively analyzed with a framework
adapted from the definitions of stereotypic science indicators as described and validated by Mead
and Métraux (1957), Chambers (1983), Schinske et al. (2015), and Christidou et al. (2016).
Images were scored using three groups of coded scientist indicators – appearance, surrounding,
and activity indicators (Table 6.2). The average number of indicators within individual drawings
and the frequency of indicators across images was assessed before and after participation in the
program for each student group. Differences between average total and stereotypical indicators
drawn per image on the first versus the final day of the REMS program were analyzed with a
paired Student’s t-test. McNemar’s test of marginal homogeneity was used to analyze differences
in frequency of specific indicators, such as the gender of the scientist drawn.
Focus Group Interviews
The constructs of place and science identity are both highly social in nature (Carlone &
Johnson, 2007; Gee, 2000; Semken, 2005) and are formed through participants’ relationships
with each other and their environment. In this context, a focus group interview is an appropriate
technique to elicit information because it is situated within a socially oriented environment.
Participant interactions are encouraged and may elicit more spontaneous responses that written
or Likert-type survey items and novel reactions to peer responses (Onwuegbuzie et al., 2009).
Although guided by a researcher, the participants become the drivers of the discourse. While
written questionnaires are frequently used to examine student perceptions and attitudes in
relation to science identity in different fields (e.g., Garcia et al., 2018; Potvin & Hazari, 2014),
using multiple instruments can elicit themes and inform the analyses in ways that may not be
generated solely from written, survey responses (R. E. W. Thomas et al., 2014). Focus group
interviews are powerful additions to this type of analytical triangulation. The interviews may be
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used in combination (typically sequentially) with other methods as a form of validation (echoing
the results of other instruments or interpretations of the researcher). Or they may also be viewed
as a way to systematically develop a broader understanding of the phenomenon under question.
Therefore, results that differ between the focus group and other instruments are not a sign the
results are not valid, but rather that both sets of results should be interpreted within their
theoretical contexts and both have value in describing the overarching research purpose (Caillaud
& Flick, 2017).
The focus group interviews were conducted on the final day of the 2018 REMS program
(July 2018), after completion of the research symposium, and the final day of the 2019-2020
REMS XL program (February 2020). The participants included convenience samples of students
selected from the cohorts of the 2018 REMS and 2019-2020 REMS XL programs based on their
program enrollment status (i.e., students participating in REMS for the first time (New Students),
near-peer student mentors (Mentors), and REMS XL students). A total of 11 participants from
REMS (six (6) New Students, five (5) Mentors) and 10 participants from REMS XL took part in
the focus group interviews (Table 6.3). One student (Shane) participated in two of the interviews,
first as a New Student in REMS and then again as a returning participant in REMS XL. Overall,
about 62% of the participants were female. Students varied in their ages, ethnicities, and
academic levels. The REMS New Student group included students entering their sophomore
through senior year of high school and one (1) high school graduate, whereas the REMS XL
group was comprised of 11 undergraduate students and one (1) high school graduate who was
entering an undergraduate program.
The group interviews lasted approximately 30-45 minutes and were moderated by the
author using a guided-interview format (Krueger, 2002; Lichtman, 2013) with a mixture of
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verbal questions (which focused on the student experience in REMS and student attitudes
towards and conceptualizations of science and scientists) and select student artifacts (pre- and
post-program Draw-a-Scientist illustrations) to prompt discussion. The guiding questions
included:
·

Are you satisfied with the completion of your project?

·

What difficulties did you face during your project? In execution? In analysis? In
dissemination?

·

Was there a lesson module you found most helpful? Least helpful?

·

Has this course helped in your confidence as researchers? Do you feel more
experienced?

·

Who or what is a scientist?

·

How did your previous knowledge integrate with what you learned?

·

Is your experience or new knowledge applicable to your life outside of the
program or in your community?

·

Has this course changed your perceptions of science in general? Of science as a
career path?

·

Do you think environmental stewardship is important? Why or why not?

·

What might make this experience more appealing to other students?

·

Is there anything we haven’t covered that you’d like to mention or discuss?

During the interview, the author took notes on a laptop regarding any statements made by
the participants in response to the planned questions or spontaneous questions posed by the focus
group itself. New Students and Mentors in the 2018 REMS program were also asked to review
images produced during the Draw-a-Scientist Test (DAST) that had been administered on the
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first and last day of the program. The participants were handed five (5) pre-program images, then
five (5) post-program images and asked which details or patterns in the images described the
concept of a scientist to them.
The author recorded the interviews with digital video cameras. Interviews were all
conducted with the researcher face-to-face at the Marine Science Research Learning Center
(MSRLC) at the Hawaiʻi Institute of Marine Biology (HIMB) with the exception of three (3)
REMS XL students who participated via Zoom video conferencing as they were attending
universities on the continental US.
Verbal responses from the interview were transcribed and, similar to the analysis of openended survey responses, coded line-by-line using constant comparative analysis to elicit themes
or recommendations from the participants within the analytical frameworks. An excerpt from the
interview transcripts can be found in Table 6.4. Although the written responses and focus group
transcripts were coded similarly, the resulting data sets are presented through different formats in
the Results section. The relatively larger sample size and brevity of the written responses
allowed for data to be displayed quantitatively through figures and tables. The conversational
nature of the focus group interviews produced data that suggested a more qualitative narrative
text format. Thus, in the following section the quantitative data from the written responses are
woven together with qualitative narrative data from the interview transcripts to provide a
multifaceted view of the students’ experiences and perceptions.

Results
After the initial round of coding, the researcher identified 159 unique codes from the
open-ended survey data, and 62 codes from the focus group data. The secondary iteration of
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coding reduced the number of codes to 57 codes (survey items) and 29 codes (interviews) that
were grouped to reflect the elements of SCCT that are correlated with student science identity
and examined in this study:
(a) Research learning environment enhanced with relevant science. (This theme included
comments around sources of science self-efficacy valued by the students.)
(b) Student science identity and the conceptualization of scientists. (Students described
how the conceptualization of a “humanized” scientist developed and influenced how they
viewed themselves as part of the science community.)
(c) Outcome expectations and overcoming the fear of failure. (Challenges faced by the
students helped them develop resilience for overcoming difficulties in their academic and
personal pathways.)
The following sections present the results of these analyses, broadly organized into these
three thematic domains. Student written survey responses and excerpts from the focus group
interview transcripts are included as recorded, with minimal clarifying edits18, as the author
attempted to present the idioms and speech patterns of the participants to accurately portray their
written or spoken comments as much as possible.
Research Learning Environment Enhanced with Relevant Science Domain
Several items of the REMS survey focused on student assessment of marine science
knowledge and skills as well as their attitudes towards and interest in marine science before and

18

The edits included slight contextual clarifications noted by brackets ([ ]) and the removal of

false starts (e.g., “I was—I am a student.”) and distractingly repetitive filler words (e.g., “I, like,
am a, like, student.”).
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after participation in the program. In this section, student responses describing the effects and
perceived value of the sources of marine science self-efficacy (i.e., mastery experiences,
vicarious learning, verbal persuasion, and affective arousal), situational interest in marine
science pathways, and valuing the purpose of science provided by the REMS program are
examined.
Marine Science Self-Efficacy
Two (2) open-ended survey items asked students about knowledge and skills they hoped
to gain or had gained through participation in the program:
a. “What [do you hope to / did you] learn about marine science and research
through this program that you did not know previously?”
b. “What skills besides the ones already mentioned [will you/have you] gain[ed]
through this program?”
Several codes emerged from the responses to these items, which are listed in Tables 6.5 and 6.6.
Before the program, New Students expected to have a greater understanding of general marine
science content (70.8%) and a better understanding of the relevance of marine science
knowledge to their lives (27.4%). REMS XL students most frequently expected to have a better
understanding of scientific research (91.7%) followed by general marine science content
(33.3%). Mentor responses were more varied, but also indicated an expectation to understand
general marine science content (37.0%) and the relevance of scientific knowledge (25.9%). Postprogram responses indicated students from all groups reported an increase in knowledge (e.g. “I
learned a great deal a lot of new things and more things that I thought I knew but now I know a
lot more.”). Students also reported specific details about scientific concepts and acknowledged
the importance of this newly acquired knowledge. New Students most frequently reported an
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increase in their understanding of the relevance of scientific knowledge to their lives (32.1%), as
demonstrated by these written comments:
I did not know about ocean acidification and how it affects a corals growth. I
didn't know that the oceans acidity played a big role on the health of marine life. I
also didn't know that the acidity of the ocean is increasing and fifty years from
now coral reefs as we know could be decaying and decreasing in size every year.
And:
Marine Science is really important to this world and mostly to this island because
we’re in the middle of the ocean.
They also frequently mentioned knowledge associated with specific course modules
(especially Ocean Acidification – 15.1%) and their research projects (9.4%). Mentor
comments most frequently mentioned content knowledge gained from their research
projects (29.6%) and a greater understanding of the relevance of scientific knowledge
(22.2%). REMS XL students predominantly discussed a greater understanding of
scientific research (66.7%) and research project content (22.2%).
Several students from the focus group interviews described how an increase in
knowledge nurtured their confidence. Shane, a new student in the 2018 REMS cohort, began the
discussion by describing a feeling of accomplishment in knowing more at the end of the
program:
I mean, the program definitely did give me a lot of information that I didn’t really
have beforehand. And so I’m kinda happy that I have that now cause it’s, like, add
that to your book and look what I can do.
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The students recognized that science is not an isolated subject, although often taught that way in
standardized curricula. Science is inherently interdisciplinary and draws upon many content
areas. As echoed in the “Relevance of Knowledge” code from the survey data, the focus groups
also noted how the place-based aspects of the REMS and REMS XL programs helped students to
see how science related to other subjects as well as other aspects of their lived experiences:
Shane: I feel like what we learned here is basically like school, but everything
mushed into, like, one thing that you actually enjoy. Like reading, mathematics,
sciences, all into one, and it revolves around the ocean. And it’s not much more
better than that.
Daniela: Yeah, even history too—
Shane: Yeah, history too.
Daniela: ‘Cause I kinda learned a lot about Hawaiian history which I don’t know
a lot of it.
In response to the question item about new skills (Table 6.6), before the program all
student groups frequently anticipated greater mastery in general research skills (New Students:
32.1%; Mentors: 25.9%; REMS XL: 50%) and many hoped they would increase public speaking
or presentation skills (New Students: 20.8%; Mentors: 22.2%; REMS XL: 50%). After the
program, students reported confidence in many science skills such as:
(a) public speaking (“i was scared of speaking infront of others and raising my voice and
making a change but since i came to this program i think i finally over came my fear
in speaking in front of a crowd.”)
(b) writing (“I am now able to write a research paper. That's pretty cool.”)
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(c) critical thinking (“The ability to think at a higher level to acquire a better
understanding on what goes on around me and what im connected to.”), and
(d) adaptability and open-mindedness (“You have to be flexible and work with all types
of people. Also, you need to prepare to be wrong about what you think you know.”)
New Students most frequently described their acquired presentation skills (20.8%) and general
research skills (17.0%). New Students also noted the development of interpersonal skills
(10.4%). Two codes that emerged from the post-program data that were not present in the preprogram data were “Resilience” and “Relevance of Skills”. In post-program responses, 7.5% of
New Students discussed increased resilience to difficulties in science, and 6.7% reported a better
understanding of the relevance of science skills to their everyday lives.
Reports of increased skills were not limited to first-time participants in the program.
Mentors and REMS XL students also benefitted as described by this REMS XL participant:
I learned every aspect of conducting a research project from asking a question,
designing the experiment all the way up to attending a conference and publishing
data. I learned many ups and downs and ins and outs of marine science and
conduc[t]ing research that I would never have imagined or experienced if it was
not for this program.
Mentors and REMS XL students reported confidence in general research skills (18.5%
and 33.3%) and presentation skills (11.1% and 33.3%). Mentors also reported confidence
in interpersonal skills (22.2%), and 18.5% noted the development of leadership skills.
Supporting the trends that emerged from the survey data, during discussions in each focus
group, students described an increased confidence in various science skills and practices after
completing the course, including problem solving, science communication, and a general
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increase in knowledge and understanding of course content. One of the most commonly cited
skills was science communication, particularly speaking or oral presentation skills. Echoing
responses categorized under the “Relevance of Skills” code from the survey data, Rosie, one of
the mentors, described how honing her presentation skills helped not only in the classroom, but
in her daily life by overcoming her shyness:
It helped me with my presentation skills. ‘Cause I used to be really shy and I
hated going up to speak in front of people, but I feel like I got better, over the
course of my year and this year. And just helping people along. And when you
see that they are down, then you can help them. And just, like, being more
forward with people I guess.
The students from all groups emphasized the importance of being able to apply the
knowledge and skills they gained throughout the course. Students mentioned how they felt better
prepared for their other classes or degree programs and now had inspiration for science fair and
senior capstone research projects. By practicing their skills, utilizing their knowledge, and
handling instruments in the laboratory and the field, the students felt they were better able to
retain their newly acquired knowledge, as demonstrated by this exchange between Daniela and
Shane in response to the researcher asking about how the REMS program differed from their
typical science class:
Daniela: [Science is] More than just read a passage and annotate it.
Shane: It’s a lot more hands-on, and I feel like that’s a way more better learning
than books, because you read it and it goes in one ear and out the other. But when
you actually do it, it teaches you a lesson, because you actually get the feel for
what it happens and how it works
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Participating in science as a practice resonated with the students, and “just be[ing] able to
do stuff [they] wouldn’t have had the opportunity to do otherwise” contributed to fostering selfefficacy through the authentic research experience. When asked about their experiences with
previous science learning environments, students shared stories of their struggles in several
subjects that are often viewed as difficult “gateway” courses to pursuing a degree in the life
sciences, such as mathematics, chemistry, and physics. Problems with these subjects seem to
stem from an emphasis on rote memorization of abstract concepts (“I had struggles in chemistry,
because I hate the periodic table. Went in one ear and out the other.”) or the student viewing the
content matter as too difficult (“I actually liked chemistry, but I hated physics. I was so bad at it.
I was struggling so much. I just couldn’t get it.”). However, the students praised educators who
were able to make subjects interesting or relatable. One exchange during the new student group
interview highlighted the importance of empathetic and passionate teachers:
Shane: I feel like the people teaching it too, is like –
Lewa: It’s a big part of it.
Shane: Yeah, it’s a big part. Because I know my math teacher, he was– I had a
really good math teacher in 9th grade and he left in my 10th grade year and my
10th grade teacher wasn’t as good as him so I didn’t, like…it’s not so much
connect to him, but more, like…
Nalu: Defeated.
Shane: Mmhmm, he didn’t speak to me as much.
Daniela: If they’re not passionate, how am I supposed to get excited?
Shane: Mmhmm.
Nalu: Not engaging.
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Makana: Yeah, that’s why this program is good. Because all the instructors here
are passionate about this topic and want to help you and see you succeed.
Daniela: Rather than just being a paycheck or something.
Interest in Marine Science Pathway
In response to an evaluative post-program survey item asking about intent to pursue an
undergraduate program, New Students most frequently described “career benefit” as the driving
force behind wanting to attend college (57.7%), while Mentors most frequently cited the
opportunity for “learning” (72.7%) (Table 6.7). Students were also asked about their general
interest in marine science before and after the program. Responses to the open-ended questions
highlighted an increased interest (“From a scale from 1 to 10 I'd say a 12.”). Students also
reported their interest in science was influenced by an increased awareness of their relationship
to science beyond the classroom (“As a result of this program, I've become more interested in
science as I have learned how interconnected everything is.”). All student groups reported high
interest in marine science at the start of the program (New Student: 55.0%; Mentor: 79.2%;
REMS XL: 75.0%) (Figure 6.1). At the end of the program, an increase in interest was reported
by 68.3% of New Students and 64.0% of Mentors. Although REMS XL students did not report
an increased interest in Marine Science after the program, responses indicated a continued
interest. Additionally, REMS XL students did report an increase in the intention to pursue STEM
pathways (66.7% post-program compared with 16.7% pre-program) (Figure 6.2).
Some REMS XL participants expressed doubt over the particular field of science or
career pathway they wished to pursue (“I no longer want to do research but am still very
passionate about marine science and conservation and would like to sta[y] in the field”; “I am
unsure at the moment about what field of science I should pursue. I find marine science to be
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interesting, but I am also interested in cell and molecular biology as well as biochemistry.
Currently, I am still trying to explore my options”; “Although I’m interested in doing research
projects for scientific purposes, I’m not sure what aspect of science I should pursue.”). Some
students were still struggling with decisions regarding their future, while other students described
an increased sense of direction (“Through this program this year, I learned more about myself
and what I want to do for a living. I want to create a business to educate the public about their
impacts we have on marine life.”). Many students also reported a shift in their views of the
potential for scientific careers (“It showed me that a career in marine science is not impossible.”;
“My interests in science have change[d] as a result of this program because I actually got to feel
like a scientist and meet some”; “I always disliked science because I thought it was hard and just
dealt with too much numbers and that you had to be smart to like science but I realized it’s really
fun and theres so much more to it than just numbers and difficult words”).
Lewa, a new student in REMS who was also one of the youngest participants in the
program, discussed how little discoveries in familiar environments affected her interest in
science:
I never thought that marine science was a thing for me. It was always just space
stuff. I like space because I like learning about how the world works. But then,
there’s a certain point where physics just—It’s more like cut ‘n’ dry science.
That’s why I always liked space and stuff. Just the idea of studying the unknown
is very interesting. And you can find the same thing [i.e., unknown ocean depths]
right in your backyard. Or at least in my case.
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As with the students’ confidence in their perceived science competence, their interest in
science was increased as they were exposed to practical applications of their knowledge. This
experience of science as a practice left a deep impression on Lewa:
‘Cause we’ll read the lab or whatever, and then the next day we’ll go out and
apply it, which is really nice. I really liked that. Just reading, ok yeah
whatever…[Rolls eyes and waves hand dismissively]. And then you start to
actually understand ‘Oh! That’s what I read about. So that’s what we’re doing!
Oh, cool!’
Another concept that emerged from the discussions regarding interest in marine science
included sentiments about feeling encouraged as competent researchers. The students were not
simply interested in participating; they also felt pride in participating because of what they could
accomplish. Misa, a mentor in the 2018 REMS cohort, described the gratification that resulted
from putting effort into her research: “I think it’s hard, but it is satisfying in some ways to know
that you’re actually doing something. That you’re changing things.” Liam, another mentor,
agreed with Misa and added a comment referring to his surprise about the relationship he
developed with the new student members of his research group: “And talking with your group
members and they talk to you and refer to you with, a certain level of respect. And it’s like wow!
Ok!” In the case of these two students, the encouragement and confidence they perceived in
response to their interest and effort in science contributed to their continuation as members of the
REMS XL cohort.
Valuing the Purpose of Research
Two of the open-ended survey questions probed the students to describe perceived
relationships between humans and the marine environment. In response to the evaluative survey
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item “Please comment on what this program has taught you about humans’ relationships with the
marine environment”, student responses revolved around three elements: 1) the impact of
humans on the marine environment, 2) an awareness of the value and importance of the ocean,
and 3) a sense of obligation for responsible, positive stewardship of marine resources (Figure
6.3. New Students emphasized human impacts over the importance of the ocean (58.8% to
20.6% respectively), while Mentors emphasized the importance of the ocean over human impacts
(54.5% to 36.4% respectively). About one third of student comments from both groups described
how the reciprocal relationship between humans and the marine environment fostered the
obligation for stewardship (New Students: 32.4%; Mentors: 36.4%).
In connecting the science experience to their other lived experiences in the written survey
responses, students described stronger personal responsibility to the marine environment (“I
understand the importance of reducing the amount of trash I create and have already started to
transition to reusable (instead of one-use) items”; “it has taught me that people are very oblivious
to the impact we have on our world and oceans, and that we should start paying attention and
making a change”) and their home communities (“Because of this program, I now want to make
sure that my experience and knowledge impacts my community for generations to come.”).
The students also expressed an increase in awareness of or desire for integrating science
knowledge and skills with other aspects of their lives. This includes developing relationships
with other members of their home and science communities (“I was able to connect our results
and research to personal and family stories and experiences.”; “You’re not actually alone’), as
well as applying their knowledge and skills in other contexts (“I will forever be grateful for
learning how to speak in front of other people, confidently, about a study I’ve done. It also gave
me skills that I could use in everyday life like cooperation and communication.”). Students also
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reported a new recognition of how science affected their everyday lives (“I know what science
really means and how it effects my life. I also know how we affect the ocean around us and how
it helps us as well.”; “I leaned how science ties into our world and just how important it is to
us”). By building their knowledge, the students began to understand they had a responsibility for
the resources from which they gained knowledge and a responsibility to contribute knowledge,
not only to the scientific literature, but to the world at large. This theme of reciprocal
relationships emerged again and again throughout the written comments and interview
discussions.
During the 2018 and 2019 programs, New Students, Mentors, and REMS XL students
were asked to respond to a pre- and post-program survey item about whether participation in the
program would benefit their community (“[Will/Has] your experience and knowledge gained
form this program benefit[ed] your community?”). Student responses were coded as either “Yes”
– indicating the experience would be beneficial, “Conditional Yes” – indicating the program
would be beneficial provided conditions were met (e.g., the student being able to speak to their
community leaders), and “Unsure/No” – indicating unsure or negative responses. For all student
groups, most (if not all) respondents predicted the experience would benefit their communities,
and after completion of the program reported that it had (Figure 6.4). Post-program, New
Students and Mentors nearly unanimously reported “Yes” the program would benefit their
communities (94% and 80%). Although most REMS XL students reported the program would be
beneficial (87%), one student was unsure due to the results of their research project not matching
with predicted outcomes.
Responses to the community benefit item were also categorized within two (2) codes
describing how the program would benefit the community: 1) through education and increased
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awareness, and 2) through increased advocacy for and stewardship of the environment (Figure
6.5). All student groups mentioned Education/Awareness more frequently than
Advocacy/Stewardship in both pre- and post-program responses.
During the focus group interviews, the students reiterated their desire to benefit their
communities, and to share their knowledge and experiences with friends and family. The
students recognized their communities (both their home and science communities) are built upon
the relationships, knowledge, and experiences of the members. An exchange between REMS XL
students Mason and Cora captured this concept:
Mason: Well if you think about it, someone who gets an education, all that
education and information has to come from—
Cora: From somewhere.
Mason: From people who didn’t have education. Like, who just asked a question.
And then they built up that knowledge and that information. And education is
really just passing on that information from scientists or from previous people
who learned this stuff without that knowledge and just passes it on so you have
that knowledge so you can expand on it.
Two (2) open-ended survey items also asked REMS XL students to comment on their
experience participating in a community workday at a traditional Hawaiian fishpond, where
several students were conducting their independent research. The items asked students to
comment on whether they valued the experience and whether the experience benefited their
research. The students noted that the experience nurtured a sense of purpose for their research
and developed a cultural and environmental ethical context. Most also noted an appreciation for
“giving back” to the community, as noted in this written comment: “Being out and observing in
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the actual field connects to scientific research because aside from giving back, you can actually
see what is going on and why your research work would be valuable.”
Student Science Identity and Conceptualization of Scientists Domain
To examine student conceptualizations about the role science and scientists have in a
broader context, the REMS XL survey asked students to comment on the following questions:
“What is science’s role in society?” and “What is a scientist’s role in society?” (Figure 6.6). On
the first day of the program, 83% of REMS XL students described science’s role as building
knowledge which leads to solving problems (42%). After the program, students maintained this
conceptualization (Builds Knowledge: 78%; Solves Problems: 33%). Students also noted that
science permeated through many facets of society. In describing scientists’ role, students
primarily described conducting research (83%) with the secondary role of educating the
community (42%). After the program, these constructs had flipped in their frequency, with more
comments mentioning the role of education (67%) before research (56%).
In response to the survey item “In your own words, who or what is a scientist?” (Table
6.8), at the start of the program students defined scientists with predominantly Process-type
descriptors (e.g., researches, experiments, tests hypotheses) (New Student: 66.7%; Mentor:
75.0%; REMS XL: 69.2%). After the program, there was a shift towards Character-type
descriptors (e.g., curious, desire to learn, dedicated). Also emerging were comments that
scientists advocate for change and have a responsibility to be honest. In their written responses at
the end of the program, 76.5% of New Student, 80.0% of Mentor, and 42.9% of REMS XL
student responses described a scientist as Anyone (“Anyone who is curious about the natural
world.”; “A scientist can be anyone. I consider myself a scientist.”).
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Analysis of student-drawn images of scientists provided additional insight to student
conceptualizations of a typical scientist. Figure 6.7 presents representative paired samples of
scientist images from before and after the program. Each student image was rated on the
frequency of scientist indicators (for compositional constructs that denoted the figure as a
scientist, see Table 6.4). For New Student and Mentor scientist images, there were significant
decreases in the averages of both the total number of indicators used (New Student pre: 4.7±2.1,
post: 3.7±2.1, p = 0.02; Mentor pre: 4.8±1.4, post: 3.4±1.7, p = 0.007) and the indicators
stereotypical of Western scientists (New Student pre: 3.5±1.8, post: 2.2±1.5, p = 0.0003; Mentor
pre: 4.1±1.4, post: 2.5±1.8, p = 0.006) (Figure 6.8). This decrease in use of stereotypic indicators
is also reflected in the stereotype subcategories, as illustrated in Figure 6.9. In particular, the
frequency of glasses (New Student: 65.7% to 22.9%; Mentor: 61.5% to 28.5%) and lab coats
(New Student: 51.4% to 20.0%; Mentor: 69.2% to 21.4%) decreased significantly.
A significant shift also occurred in the indicated gender of the drawn figures (Figure
6.10). In the beginning of the program, New Students drew 44% of their scientists as male and
24% as female. Mentors drew 62% of their scientists as male and 31% as female. By the end of
the program, New Student figures were 35% male and 59% female, and Mentor figures were
38% male and 54% female. The post-program proportion of scientist genders indicated by New
Students shifted significantly from pre-program proportions (c2(3, N = 32) = 8.83, *p<0.05).
Post-hoc McNemar tests showed significant change between the proportion of male and female
figures. This demographic change in the gender of the drawn figures was predominantly driven
by women in the program shifting from drawing mostly men to drawing female scientists. It was
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also noted that 30% of the students also unambiguously drew themselves as the scientist on the
final day of the program.
The student analysis of the DAST images during the focus group closely resembled the
researcher’s own analysis, especially in regard to the stereotypic indicators of a Western scientist
(“All of these are, like, mad scientists!”). In discussing the images, the students in both groups
noticed the stereotypic indicators of the pre-program images, including lab coats, glasses, ‘crazy’
hair, and a predominance of male figures. While some of these indicators were noted in the postprogram images, the students saw fewer stereotypes or described the stereotypes as being toned
down (“Less crazy this time. The hair--He got a haircut.”).
Two (2) of the images evoked insightful discussions by the students. The first of these
images was from the post-program group and depicted a faceless stick figure with a short
paragraph of text. Both the New Students and Mentors seemed moved by this image as shown in
this exchange from the Mentor interview:
Liam: What does Justin’s say? Dang!
Justin: It says, “This could be anyone.”
Liam: That’s deep.
Misa: Yeah!
Justin: Yup.
Tiare: [Reading] “A scientist can be anyone. One need only have the will to learn,
to be curious, and seek answers.” That’s good.
Liam: That’s deep. I’m just kinda…ok.
Tiare: That’s nice.
Misa: Yeah, this one’s really nice.
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When asked if they agreed with the text in the image, the students emphatically responded
positively.
The second lengthy discussion centered on a pair of images drawn by the same student
before and after participation in the program that each depicted an audience of stick figures
watching a presentation by another stick figure by a display board. When the images were passed
out, the participants immediately noticed the same person must have drawn both images as they
were so similar. When asked if there were any differences between the images, the students
focused on the expression of the presenter in comparison to the previous image (“…this [postprogram] guy’s a lot more nervous than the other guy”) and to the audience (“It’s weird. They’re
happy and he’s, like-- It looks like he’s yelling at them.”) as well as the display board (Mai: “I
mean the stats are—"; Daniela: “Going down!”; Mai: “Yeah, going down.”). At this point, Nalu
revealed the anonymous images were his and he wanted to explain what the post-program image
meant:
So, yeah, you get this person. Doesn’t matter who you are. Age. Background.
Doesn’t matter. He gathers information because he’s curious and he teaches to
younger minds and have them start thinking, making their general questions and
having them being curious around what’s around them. Because it’s their future.
Nalu continued to explain that the grumpy expression on his scientist’s face was in fact
nervousness (because he was public speaking). He also noted the presentation board with the
downward zigzag arrow was not showing negative data, but data that matched a trend his team
found in their own project data.
As demonstrated by the students’ reactions to the DAST images, it is clear their
conception of a person of science shifted after participation in the REMS or REMS XL program.
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At the completion of the REMS XL program, Sarina viewed scientists through a broader lens
that incorporated ‘alternative’ researchers, such as traditional native Hawaiian fishpond
caretakers:
I think to build off of that, there’s not really a “real” scientist in a way. People are
scientists in many different aspects and in different fields. Some of those
scientists that I look up to now are the fishpond managers. They know some crazy
amount of research that they’ve applied just by working in their field. You can be
a researcher in many different aspects and not just in the field or in the lab bench
and in lab gear and all that fun stuff.
Mason, another participant in REMS XL, agreed with Sarina’s comment and described a
scientist simply as someone with curiosity willing to put forth effort:
When I was younger, I used to think that scientists were people who knew a lot of
this stuff. But in reality, it’s people who are actually just people who don’t know
everything, but they’re willing to learn and go through the effort of actually
figuring out “What makes this tick?”, “How does it work?”, “Why is this the way
it is?” So, it’s just like us, since if you’re curious and you wanna learn, you have a
question, and you’re willing to go through the efforts and the lengths to figure an
answer out, figure it out and answer that question, type of thing.
As students worked alongside professional scientists, their image of a scientist was
humanized. Sarina joked that she used to consider the instructors of the program like gods. By
the completion of her journey through the programs, she understood the instructing researchers
were not omniscient, and that this lack of total knowledge was not a flaw. Mason discussed his
relief at realizing that scientists were relatable:
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Yeah, it was pretty interesting. Seeing it’s not just community outside of here, but
also meeting people from the science community and seeing how things actually
are, and things they go with, and, like, “Oh, I go with that too and deal with that
kind of thing just as well.” And so it also builds connection. You can relate more,
and it kinda reduces more the stress. Like, “Oooh, how am I going to amount to
these people?” And they’re doing the same thing.
The idea of becoming a scientist emerged as an attainable goal. During the New Student group
discussion, Nalu described the sentiment as feeling like “you’re not by yourself”.
Participating in authentic research experiences also enabled the participants of REMS and
REMS XL to become more aware of the structure of the science community. One of the mentors,
Tiare, describes a sense of belonging that developed with an awareness of the many positions
that scientists fill within their community:
I feel like it kinda opens up the idea that you’re actually not alone, when you
think about it. Everyone’s like, “Oh, scientists. You’re normally in a lab. You’re
doing your own thing. You have to do everything by yourself.” And then when
you do this program, it’s like there’s so many different roles that come into play
when it comes to doing science. Where there is people behind the scenes, but they
also work with the people who go out in the field, and they actually work together
to collaborate to make one big thing, instead of just having to focus on just one
specific job.
The importance of different knowledge systems became especially apparent during discussions
with the participants of REMS XL. Cora described her perception of scientists in this way:
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To me it’s anyone who can ask a question of ‘Why does this work?’ and ‘How
does it work?’ That’s what a scientist is to me. Even the people who don’t have an
education, but you know they’re out there in the field and they understand more
than the ‘real’ scientists. They don’t know the biology or chemistry of it, but they
know. They take notice of the patterns in the natural world. That to me is kinda
considered as a scientist.
The other students agreed that for a person to be considered a scientist, they did not have to limit
themselves to one way of thinking, one way of knowing.
Outcome Expectations and Contextualizing Failure Domain
In the program evaluation portion of the REMS survey, New Students and Mentors were
asked to comment on their group project experience (“Please comment on what you liked and
did not like about the group research project.”). Responses to this item were coded as either
“Highlight” or “Challenge” (Table 6.9). “Working with Others” was the most frequent Highlight
code occurring in New Student (24.0%) and Mentor (22.2%) responses. The most frequently
mentioned Challenge for both student groups was “Interpersonal Differences” (New Students:
11.5%; Mentor: 33.3%). However, Interpersonal Differences were not necessarily mentioned in a
negative context, and they were often framed as a learning experience (e.g., “I honestly loved
being able to be in a group that I can connect with others, there was the occasional problems but
in the end everything was worth it in the end and we grew passed that.”).
In addition to fostering relationships on an individual level, students described increased
interest and ability to navigate social dynamics on a community level. As the students’
understanding of their home and science communities developed, so did their respect for diverse
communities. During the REMS XL program, the students attended the 2019 Society for
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Advancement of Chicanos/Hispanics and Native Americans in Science (SACNAS) Conference
(www.sacnas.org). SACNAS was the first professional conference that the students had ever
attended, and although large in scale, it provided a welcoming platform for young researchers
seeking to conduct research in areas and communities that are often disengaged from researchers
utilizing a Western scientific methodology. Sarina described how she became aware of the
respect and understanding necessary for working with or participating in a community:
I think for me it kinda grew a deeper appreciation. I think most of it kinda came
from when we attended SACNAS and we talked about communities and working
in certain communities. I was always careful to be able to have that access to go
to Heʻeia fishpond and do my research there, and I was super thankful for that.
But at SACNAS when we listened to other researchers talk about going into other
communities, and doing things, it really puts a different perspective and
appreciation for communities opening up to let you do research in their areas.
Students in the focus groups also discussed benefitting from being exposed to
communities they might not have experienced before, or connecting with communities beyond,
the ones with which they were already familiar. Shane, in describing his experience during the
REMS XL program, mentioned his appreciation for this experience:
I felt more connected to a different community. Because coming from the West
Side, going and doing work over in Heʻeia. ‘Cause that’s what me and [Student]’s
project was. We were out at the fish pond the entire time. So, we kinda get to
realize the type of people that are out there. I mean we got to meet this cool
fisherman guy who was out there the whole entire time that we were pretty much
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out there, and it turns out he’s the owner of [business]. So, we would never’ve
met him if we weren’t at the fishpond.
The students in each of the interview groups discussed the importance of diversity of
thought and cultural grounding in science. As with the written comments, both the New Students
and Mentors of REMS described differences in thought and opinions as potentially frustrating
and a hinderance. Many of the participants framed these difficulties within the scope of working
with a diverse (in epistemologies and personalities) group to complete a research project.
Fortunately, the students also framed the challenges as a way to develop interpersonal skills. The
Mentors viewed the sometimes-contentious experiences as helpful exercises in patience,
thoughtfulness, and creative problem solving. Students also recognized the significant
contributions to research a diverse group can provide because “there will always be different
perspectives”, “many different people have many different kinds of ideas”, and “more minds
means more ways of thinking”.
During the focus group interviews, students noted that working alongside scientists
allowed them to experience how researchers often rely on each other to gather information or to
overcome obstacles and make sure their projects are completed satisfactorily19. Sarina, a
participant of REMS XL who had experience as both a REMS mentor and undergraduate intern,
described her surprise at realizing that it was a desire for more knowledge that drove researchers
in their endeavors:

19

We emphasize to our students that a satisfactory conclusion does not require the data

overwhelmingly support a specific hypothesis. Unexpected results are often more exciting for
professional scientists than predicted results.
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I think being able to ask for help. After REMS I thought a lot of the researchers
would kinda just know off the back of your […] I dunno you learn it somewhere.
And for me working with [instructor], I didn’t realize [instructor] also doesn’t
know some things and we just had to ask for help from other people. And learning
that it’s ok to ask for help in any aspect of your life, really.
Scientists do not know everything, which is why they devote themselves to seeking knowledge.
This pursuit of information often requires seeking help from other more knowledgeable
researchers, experts, or community members to guide the scientist’s research endeavors. This
thought was expanded upon by Cora, another REMS XL participant, who responded to Sarina’s
comment on the importance of asking for help and collaboration:
Piggy-backing off of what Sarina said, learning that collaboration with others will
help you grow faster. Not only in your research, but as a person too. And just
your personal goals. Like being able to reach out to people, make friends. Not
just because you want something, but like a give and take you can provide
something for someone.
Thus, the students recognized the importance of scientists actively contributing to the systems
they studied, instead of only reaping information for private, personal enrichment.
The final question on the REMS survey asked students what advice they would give to
future cohorts participating in the program. Many responses urged future students to enjoy the
program as much as possible (“Cherish everything that they teach you and not take anything for
granted”; “Just enjoy it and learn as much as you can”). Many student comments also sought to
soothe anxiety which they may have also felt entering an intensive research program (“Work
hard, but have fun and don’t stress too much”; “You will honestly love it. Remember to have fun
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and don’t stress”) or preparing for the final symposium day (“I would tell future students that do
not be scared or nervous on presentation day, have fun throughout the entire program”).
Responses to this final survey item also indicated students had developed resilience to
some of the challenges faced by scientists in navigating the research process. Students explained
to their future counterparts that experiments with unexpected results were not failures, but
pathways to new research questions (“Just because you're data is off, doesn't mean your project
was a flop. Theres always an explanation or a reason you got that certain data and It will always
lead you to keep asking more questions”). Some responses explicitly described how
experimental obstacles were to be expected, but that the value of persevering was worth the
temporary frustrations (“I would give future members advice to never give up. At times, things
may get challenging because not everything will go the right way but never give up because once
the challenge is over come, it will all be worth it.”)

Discussion
This study sought to identify and describe the factors mediating student science identity
in a Hawaiʻi, place-based, experiential marine science research program through surveys, student
images, and focus group interviews. The results of this study support previous research that has
suggested additional mediating factors between a research learning expereince and science
identity development in URM students (Robnett et al., 2015). Specifically, science identity
salience in Native Hawaiian students and professionals is the result of a mixture of internal
cognitive processing and external motivational factors (i.e., shifts in conceptualizations as well
as relevance/value of science) (Allaire, 2018). The analysis of codes elicited from these
instruments indicated the existence of three thematic elements mediating the pathways between
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marine science self-efficacy, student science identity, and choosing a marine science or general
science career pathway. These elements included: (a) relevance of marine science, (b)
conceptualization of “person of science”, and (c) contextual framing of “failure”. These results
thus support previous suggestions that existing models using self-efficacy as a mediator between
research experience and science identity should include additional mediators for URM students.
Relevance of Marine Science
Science self-efficacy is highly predictive of persistence in science pathways, but the
internalization of science values (Estrada et al., 2011) or the recognition of culturally-relevant
research goals may be more predictive for the career choices of URM students, particularly
Native Hawaiian and Pacific Islander students (Allaire, 2018). By incorporating a place-based
pedagogy, the REMS program was developed to act as a vehicle for honing a students’ sense of
place or where they “sense and connect to our natural and cultural surroundings” (Semken &
Brandt, 2010, p. 289). Place-based curricula, such as those delivered during the REMS program,
nurture situational interest (Hosbein & Barbera, 2020) through experiential and culturallygrounded learning environments.
Students in this study valued the authentic, hands-on research experience provided by the
REMS program as it increased their science self-efficacy by allowing them to practice the skills
they learned. The students also highlighted the importance of having engaging instructors and
relevant content that connected personally with those in the classroom and fostered interest in
marine science. In science identity models, interest in science has been suggested as a necessary
domain for the development of a student’s sense as a “person of science”, as well as to predict
persistence or success in science fields (Hazari et al., 2010). Although most participants of
REMS and REMS XL express some level of interest in science, specifically marine science,
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during the recruitment process, the students reported increased enthusiasm for these fields after
completion of the course.
In place-based pedagogies, an increased sense of place also provides the foundation for
an increased sense of responsibility or stewardship towards the contextual place (Gruenewald,
2008; Membiela et al., 2011; Semken & Brandt, 2010). The students in REMS and REMS XL,
through their newfound appreciation for their local and science communities, realized that
belonging to a community requires a reciprocal relationship that depends on a balanced giveand-take approach (“Instead of, like, taking everything that they’re giving you, instead of, just,
pushing all that you have on to them.”). This type of relationship is also emphasized in the
Hawaiian Kūlana Noiʻi research framework (Kūlana Noiʻi Working Group, 2021) in the concept
of aʻo aku, aʻo mai / aloha aku, aloha mai20. This research standard encourages mutually
beneficial relationships through community engagement, understanding knowledge ownership
and access, and responsible accountability.
Of the sources of self-efficacy defined in SCCT, vicarious experiences (through
observing a mentor or professional researcher) may be one of the more influential factors in the
development of science identities for URM students (Kricorian et al., 2020). However, when
URM students participate in research programs with a peer group or instructor who are not of the
same race or ethnicity, the students are much less likely to experience positive shifts in their
science identity (Flowers & Banda, 2016). The demographics of REMS program staff reflects
the diverse racial demographics of Hawaiʻi, and thus our instructors provide greater

20

In broad terms, this phrase expresses the notion of a bi-directional flow of knowledge (aʻo) and compassion

(aloha).
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representation from races and ethnicities historically underrepresented in STEM fields. REMS
instructors share their experiences in the science community with students and also encourage
students to connect with local community leaders and cultural practitioners to execute their
research projects. REMS students reported an appreciation for this exposure to professionals and
communities they did not previously associate with scientific research.
Conceptualization of “Person of Science”
Student conceptualizations of scientists and science evolved after participation in the
program. This is important, especially in light of the study population, as more stereotypic views
of scientists may discourage marginalized students from pursuing science career and academic
pathways (DeWitt et al., 2013), while having counter-stereotypical views may increase success
in science (Schinske et al., 2015). Results from this study indicated student conceptualizations of
the science community broadened, and scientists were humanized as students experienced the
methodologies and worldviews of a diverse (e.g., in terms of ethnicity, age, academic or
professional position) range of researchers and cultural practitioners. The students also
recognized that all communities, including the science community, are built and influenced by
the participants.
The concept of community emerged again and again throughout the written survey
responses and interview discussions. As this study takes place in a Hawaiʻi classroom, it is
important to acknowledge that community relationships are central to the education and research
frameworks of this place (e.g., Kūlana Noiʻi (Kūlana Noiʻi Working Group, 2021) and Nā
Hopena Aʻo frameworks (Hawaiʻi State Board of Education Ends Policy 3 or E-3, Nā Hopena
Aʻo, 2015)). The identity model described in Chapter Five suggests a student’s role identity (i.e.,
student science identity) is developed and maintained through connections with personal and
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social identities, as well as the student’s place, which includes the science learning environment.
A science learning environment that encompasses values and concepts from the scientific and
local communities can then strengthen a student’s science identity without diminishing the other
aspects of the student’s identity (Kim & Sinatra, 2018). Then, as students become scientists in
their own right, they may transform the science community itself.
Images drawn with the DAST instrument further enriched the researcher’s understanding
of the students’ perceptions of scientists and the science community. The DAST images
highlighted several interesting shifts in students’ perceptions of what a scientist is in addition to
the codes that emerged from the written survey responses. The images drawn after the program
utilized fewer stereotypical indicators to denote a “scientist”. Fewer indicators may represent a
more generalized conceptualization of who a “person of science” could be. These results
mirrored the codes from the survey responses that demonstrated more students noted that
“anyone could be a scientist” (as indicated with explicit text in their pictures), or that a scientific
career is not limited to a narrow demographic field. It has been previously noted that young
(early elementary) students had fewer stereotypical indicators in their drawings of scientists than
older students, which was attributed to solidifying stereotypes as the students progressed through
school (Chambers, 1983). The decrease in indicators utulized by the students in this program to
draw their figures may signify that participation in REMS breaks down traditional stereotypes
about scientists, and reverses students’ previously held conceptualizations.
Interestingly, both male and female students drew predominantly male (or neutral)
scientists at the start of the program, but after the program the female students almost exclusively
drew female scientists (while the male students continued to draw male scientists). Women, and
particularly women of color, still experience many challenges to their participation in STEM
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fields, but these challenges can be mitigated by developing more inclusive learning
environments, for example utilizing instructors who are diverse in race/ethnicity, gender, and age
(Kim et al., 2018). For each iteration of the REMS program, the staff has been composed of at
least 50% female scientists. Perhaps the shift in the gender of drawn scientists is due to students
vicariously learning from or developing mentoring relationships with female professionals,
which may ultimately motivate female students to recognize participation in STEM fields as a
possible career goal. Also of note, this instructor roster which contributed to the positive shift in
female student conceptualizations of scientists did not negatively affect male student
conceptualizations. The DAST images also demonstrated a shift towards student self-recognition
as a scientist after participation in the program. On the last day of the program, about 30% of the
students unambiguously drew themselves as the “scientist”. This is important because integration
of a student’s conceptualization of a scientist with their own self-image is demonstrated to
predict persistence in science (McDonald et al., 2019).
After participation in the program, students also noted that scientists were more relatable.
The students viewed conducting research as an attainable career goal and they felt pride at being
contributing members of the scientific community. A well-developed sense of belonging to
science communities is important for ensuring student persistence. A sense of belonging is
especially beneficial for URM students as it has been demonstrated to mitigate anxiety in
navigating Western research environments (Fisher et al., 2019). During the REMS program, the
students saw themselves as scientists and felt a comradery amongst their peers and the program
instructors.
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Contextual Framing of “Failure”
The independent research projects conducted by REMS students are inspired by
professional research at HIMB, but the student projects are required to explore novel research
questions. Many of the projects involve using under-researched organisms or developing novel
observational or experimental techniques. This experience exposes students and instructors to
experimental obstacles that they must troubleshoot effectively to reach a desirable project
outcome together. Guided by their instructors through this experience, students began to
recontextualize what they considered to be failure in science. They saw that researchers must
anticipate and address challenges as part of the iterative process of science. Students also learned
that unexpected results should encourage the development of new research questions to be
explored, instead of denoting that an experiment failed outright.
“Failure” framed in this context addresses two (2) of the cognitive processes involved
with the fear of failure: (a) anticipating failure and (b) expectation of adverse consequences to
that failure (Conroy et al., 2003). The students were able to observe how the instructors (who
were all graduate-level or professional researchers) responded to frustration, uncertainty, and
anxiety in dealing with novel research projects constrained by tight deadlines. Students who were
alumni of the program and already familiar with the course content continued to benefit and find
value in the experience as they continued to learn through their shifting roles in the program (i.e.,
as Mentors to novice participants and as undergraduate researchers in REMS XL). The inherent
iterative nature of conducting novel research provided a fitting context and safe environment for
students to experience and learn from “failure”. Working alongside scientists, students
experienced an authentic research environment and saw first-hand that researchers are life-long
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students who constantly push themselves the boundaries of our understanding of the natural
world.
Beyond a sense of failure due to perceived lack of achievement, the REMS program also
aims to address a sense of failure from not matching or integrating with a pre-conceived
stereotype of a Western scientist (Schinske et al., 2015; Starr, 2018). While attempting to
navigate undergraduate STEM programs, URM students not only experience disproportionately
fewer racial/ethnic or same-gendered peers and instructors, they may also experience direct
racial prejudices which impair a sense of belonging to the scientific community (Fisher et al.,
2019; Kricorian et al., 2020). In addition to this unwelcoming academic environment, some
students may also be discouraged from pursuing STEM from members of their home
communities who see science as a job done by “others” (Allaire, 2018; DeWitt et al., 2013). As
described in the previous section, the REMS program employs a diverse staff and facilitates
interaction with local community members and cultural practitioners who embrace diverse ways
of knowing and learning about the natural world. The student groups at each stage of
participation (New Students, Mentors, and REMS XL students) appreciated the cultural
grounding of the REMS curriculum and working alongside researchers who shared
characteristics with themselves. The REMS XL students in particular noted the value of doing
authentic, culturally-grounded research with professional scientists who demonstrated how
someone like them could succeed and thrive in the science community.

Conclusion
Recognition of oneself as a “person of science” is an important component of developing
and maintaining a science identity. This dissertation focuses on the science identity of
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marginalized students, and so it is important to be mindful of the ideological context in which a
perceived “person of science” develops. The purpose of this dissertation was not to ask students
to fit a certain stereotype that may clash with their social or personal identities in order to
become a scientist, but instead to examine how a science learning environment can prepare
Hawaiʻi students to share their unique experiences and world views to enrich the science
community.
The results of this study, which uncover shifts in students’ conceptualizations of what it
means to be a scientist, demonstrates that the development of a student’s identity is not
independent from the science learning experience (which includes for example the instructor, the
classroom, the other students, the curriculum) and the contextual place in which they are both
situated. Each of the constructs of the science identity model (performance/competence, interest,
recognition) has a reciprocal relationship with the other constructs of the science learning
experience (e.g., The student contributes to the science learning experience and is transformed by
it; the construct of place provides a context for the student while also being shaped by the
students’ experience). By including a student’s recognition of the relevance of science, the
conceptualization of a “person of science”, and a recontextualized understanding of “failure” as
cognitive mediators between the science learning experience and the development of student
science identity, this study demonstrates how place-based education programs have an impact on
whether Hawaiʻi students recognize themselves as scientists in order to persist in STEM
pathways.
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2013-2019

2017-2018

2018-2019

Research Experience in
Marine Science (REMS)
Program Survey

Draw-a-Scientist Test
(DAST) Tool

Focus Group Interviews

Total (23)

REMS XL (12)

Mentors (5)

New Students (6)

Total (48)

Mentors (13)

New Students (35)

Total (152)

REMS XL (12)

Mentors (34)

New Students (106)

Participants (N)

Completed socially within participant group
types (i.e., New Student group, Mentor
group, and REMS XL Student group)

Students discussed responses to verbal
prompts and DAST images

Semi-guided interview, recorded through digital
video, and manually transcribed

Individually completed

Post-Program
(Last day)
Post-Program
(Last day)

Students given blank paper and 10 minutes to
respond to prompt: “Draw a scientist.”

Individually completed

Combination of Likert-score items and Openended items with written responses

Anonymous, online survey

General Description

Pre-Program
(First day)

Post-Program
(Last day)

Pre-Program
(First day)

Administered

only), and a brief description of the instrument.

completed the instrument, when the instrument was administered (pre- and post-program, or evaluative (i.e., post-program)

of the instrument, the years in which it was administered, the number of students within each participant category who

Note: This table includes a list of each of the instruments used to collect data for this study. The columns include the name

Years

Instrument

Summary of Study Two Instruments

Table 6.1

Table 6.2
Draw-A-Scientist Test (DAST) Indicator Groups, Codes, and Subcodes
Indicator Group
Appearance

Surroundings

Activity

Code

Subcode

Gender

Male* / Female / Not Indicated

Number of Scientists

One / Multiple

Clothing

Lab coat* / Everyday Clothes

PPE (except lab coat and glasses)

Lab Gear* / Field Gear

Eyeglasses*

N/A

Facial Hair*

N/A

Mythic (e.g., Einstein hair)*

N/A

Location

Indoors* / Outdoors / Both

Research Instruments*

N/A

Knowledge symbols

N/A

Technology

N/A

Manual analytical tasks

N/A

Note: Asterisks denote indicators stereotypical of the Western, Euro-centric scientist, as first described by Mead
and Métraux (1957). Stereotypical indicator list adapted from the lists utilized by Mead and Métraux (1957),
Chambers (1983), Schinske et al. (2015), and Christidou et al. (2016).
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Table 6.3
Focus Group Participant Demographics
Group
2018 REMS
New Students

2018 REMS
Mentors

2019-2020
REMS XL

Pseudonym

Ethnicity

Grade Level

Lewa (F)

Mixed Race

Sophomore

Shane (M)

Caucasian

Senior

Daniela (F)

Hispanic

Senior

Nalu (M)

Native Hawaiian

High School Graduate

Mai (F)

Native Hawaiian

Senior

Makana (F)

Native Hawaiian

Junior

Justen (M)

Caucasian

Undergraduate

Tiare (F)

Native Hawaiian

Undergraduate

Rosie (F)

Native Hawaiian

High School Graduate

Liam (M)

Mixed Race

Senior

Misa (F)

Mixed Race

Junior

Talia (F)

Asian

Undergraduate

Shane (M)

Caucasian

High School Graduate

Sarina (F)

Native Hawaiian

Undergraduate

Chris (M)

Mixed Race

Undergraduate

Mason (M)

Native Hawaiian

Undergraduate

Cora (F)

Mixed Asian

Undergraduate

Celia (F)

Asian

Undergraduate

Yoko (F)

Mixed Asian

Undergraduate

Kaylee (F)

Native Hawaiian

Undergraduate

Bryce (M)

Asian

Undergraduate

a

a

Note: Gender (F – Female, M – Male) indicated in parentheses beside each student pseudonym
is self-reported answer to open-ended prompt. Racial categories reflect categories utilized as
per University of Hawaiʻi race and ethnicity reporting protocols:
http://manoa.hawaii.edu/miro/ wp-content/uploads/2014/07/Race-Ethnicity-Student-andFaculty.pdf
a

Shane participated as a New Student in 2018, and as a REMS XL student in 2020.
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Table 6.4
Excerpt from 2018 REMS New Student Interview Transcript
The excerpt below followed the prompt: Can you apply your new knowledge and skills beyond the classroom?
Line #

Speaker

Transcript

081

Lewa

Mm. I definitely learned stuff. Like, just like, I dunno, managing my time. ‘Cause it’s
like… another school…kinda, but it’s like better than school. [General giggles]

082

Daniela

It’s fun! I don’t, like, hate coming here. I don’t get like super stressed where I wanna
like just crawl in a ball and like [gestures]

083

Researcher
(C.M.A.)

Aww!

084

Shane

It’s like, If - I feel like what we learned here is basically like school but everything
mushed into like one thing that you actually enjoy. Like reading, mathematics, sciences,
all into one and it revolves around the ocean. And it’s like not much more better than
that.

085

Daniela

Yeah, even history too-

086

Shane

Yeah, history too.

087

Daniela

‘Cause I kinda learned a lot about Hawaiian history which I, like, don’t know a lot about
it. Heh.

088

Lewa

Yeah, um, I think also because all of the people here are kinda interested in the same
thing, it helps us all to, like, really click and stuff.

089

Nalu

Mmhmm. You’re not by yourself.

090

Lewa

Yeah. It’s really nice, like, to be around other people who really like science, like how I
do. It’s like, yeah, there’s some people who are like “yeah, science is cool, whatever”.
Like, the labs are fun, and we dissected a pig. But like actual people who are really
interested-

091

Daniela

Really passionate.

092

Lewa

Yeah. Like, I never thought that I’d be, like, into marine science. Like, I was always,
like, well personally it was, like, into space. And, like, oh, space is so cool. And now I’m
like [giggles] I’m starting to find, like…

093

Researcher

Uh oh, we’re bringing you back down to earth, here?

094

Lewa

Yeah. I-I dunno. I find, like, there’s similarities.

095

Researcher

Mmhmm.

096

Lewa

There’s a lot of unknown in both areas, like, discovering new things.

Note. This excerpt is an example of the transcript produced by the researcher before coding.
Speech was transcribed verbatim, with jargon, slang, and filler words included.

179

Table 6.5
Reported Marine Science Knowledge Self-Efficacy
Pre-Program Survey Prompt: “What will you learn about marine science and research through this program that you do
not know now?”
Code

Subcode

Percent of Total Student Group Comments
New Student (N)

Mentor (N)

REMS XL (N)

70.8% (75)

37.0% (10)

33.3% (4)

Ocean Acidification

2.8% (3)

3.7% (1)

N/A

Bioacoustics

1.9% (2)

0.0% (0)

N/A

Coral Reef Ecology

0.9% (1)

0.0% (0)

N/A

Biodiversity

0.0% (0)

0.0% (0)

N/A

Animal Behavior

0.0% (0)

11.1% (3)

N/A

N/A

N/A

N/A

Relevance of Knowledge

27.4% (29)

25.9% (7)

25.0% (3)

Research as Knowledge

8.5% (9)

14.8% (4)

91.7% (11)

General Marine Science Content
Module Content

a

Project Content

Post-Program Survey Prompt: “What did you learn about marine science and research through this program that you
did not know previously?”
Code

Subcode

Percent of Total Student Group Comments
New Student (N)

Mentor (N)

REMS XL (N)

0.0% (0)

3.7% (1)

0.0% (0)

15.1% (16)

3.7% (1)

N/A

Bioacoustics

8.5% (9)

0.0% (0)

N/A

Coral Reef Ecology

7.5% (8)

3.7% (1)

N/A

Biodiversity

1.9% (2)

7.4% (2)

N/A

Animal Behavior

0.9% (1)

0.0% (0)

N/A

Project Content

9.4% (10)

29.6% (8)

22.2% (2)

Relevance of Knowledge

32.1% (34)

22.2% (6)

0.0% (0)

Research as Knowledge

7.5% (8)

3.7% (1)

66.7% (6)

General Marine Science Content
Module Content

a

Ocean Acidification

Note. Matrix of code and subcode frequency in student (New Student (N = 106), Mentor (N =
27), REMS XL (N = 12)) comments. Codes are not exclusive.
a

These modules were part of the REMS XL curriculum.
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Table 6.6
Reported Marine Science Skills Self-Efficacy
Pre-Program Survey Prompt: “What skills besides the ones already mentioned will you gain through this program?”
Code

Subcode

Percent of Total Student Group Comments
New Student

Mentor

REMS XL

32.1% (34)

25.9% (7)

50% (6)

Presentation Skills

20.8% (22)

22.2% (6)

50% (6)

Technical Writing

8.5% (9)

11.1% (3)

0.0% (0)

2.8% (3)

0.0% (0)

0.0% (0)

Teamwork

6.6% (7)

11.1% (3)

16.7% (2)

Communication

6.6% (7)

14.8% (4)

0.0% (0)

Leadership

0.0% (0)

7.4% (2)

0.0% (0)

Resilience

0.0% (0)

0.0% (0)

0.0% (0)

Relevance of Skills

0.0% (0)

0.0% (0)

0.0% (0)

Research as Skill

Interpersonal Skills

Post-Program Survey Prompt: “What skills besides the ones already mentioned have you gained through this
program?”
Code

Subcode

Percent of Total Student Group Comments
New Student

Mentor

REMS XL

17.0% (18)

18.5% (5)

33.3% (3)

Presentation Skills

20.8% (22)

11.1% (3)

33.3% (3)

Technical Writing

7.5% (8)

3.7% (1)

11.1% (1)

10.4% (11)

22.2% (6)

0.0% (0)

Teamwork

7.5% (8)

14.8% (4)

0.0% (0)

Communication

9.4% (10)

0.0% (0)

22.2% (2)

Leadership

0.0% (0)

18.5% (5)

0.0% (0)

Resilience

7.5% (8)

3.7% (1)

11.1% (1)

Relevance of Skills

6.7% (7)

0.0% (0)

11.1% (1)

Research as Skill

Interpersonal Skills

Note. Matrix of code and subcode frequency in student (New Student (N = 106), Mentor (N =
27), REMS XL (N = 12)) comments. Codes are not exclusive.
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Table 6.7
Student Reported Reasons for Attending College
Survey Prompt: “Please tell us why you do/don’t want to attend college.”
Code

New Student

Mentor

Career Benefit

15 (57.7%)

5 (45.5%)

Learning

9 (34.6%)

8 (72.7%)

“Success”

2 (7.7%)

3 (27.3%)

Family Expectations

2 (7.7%)

0 (0.0%)

Personal Growth

2 (7.7%)

0 (0.0%)

Note. Frequency of codes elicited form student comments (New Student N = 26, Mentor N =
11) in response to the REMS Survey prompt “Please tell us why you do/don’t want to attend
college.” All of the students indicated intent to attend college. Codes are not exclusive.
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Figure 6.1
Student Interest in Marine Science and Change in Interest
Survey Prompt: “Please comment on your current level of
interest in marine science.”

a.

% of Student Comments

Pre-program
High Interest in Marine Science
100%
80%
60%
40%
20%
0%
New Student

b.

Mentor

REMS XL

% of Student Comments

Post-program
Increased Interest in Marine Science
100%
80%
60%
40%
20%
0%
New Student

Mentor

REMS XL

Note. Student responses (New Students (N = 106), Mentors (N = 27), REMS XL (N = 12))
indicating (a) “highly interested” in marine science pre-program as a percentage of total
student responses (white bars) and (b) percentage of students who mentioned an increase in
interest after the program (black bars). No students reported a decline in interest.
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Figure 6.2
Student Intent to Pursue STEM Pathway
Survey Prompt: “Please comment on your current level of
interest in marine science.”
100%
Percent of student responses indicating specific
intent to pursueSTEM pathway

90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
New Student

Mentor
Pre

REMS XL

Post

Note. Student responses (New Students (N = 106), Mentors (N = 27), REMS XL (N = 12)) to
REMS Survey prompt “Please comment on your current level of interest in science”
mentioning intent to pursue STEM pathway before and after participation in the program.
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Figure 6.3
Student Descriptions of Humans’ Relationship with Ocean
New
Studentcomment on what this program has taught you about humans'
Survey Prompt:
“Please
relationship with the marine environment.”

New Student Codes
Percent Frequency
(Frequency)
Human
Impacts

Obligation
for
Stewardship

58.8%
(20)

32.4%
(11)

Importance
of Ocean

20.6%
(7)

Mentor

Mentor Codes
Percent Frequency
(Frequency)

Human
Impacts

36.4%
(4)

Obligation
for
Stewardship

36.4%
(4)

Importance
of Ocean

54.5%
(6)

Note: Network map illustrating codes elicited from student responses (New Students (N = 34),
Mentors (N = 11)) to REMS Survey program evaluation prompt about humans’ relationship
with the ocean. New students emphasized learning about human impacts on ocean and mentors
emphasized the ocean’s importance to humans. Both groups noted that awareness of these
relationships nurtured a sense of obligation for positive stewardship.
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Figure 6.4
Student Reported REMS Program Experience Beneficial to Community
Survey Prompt: “[Will/Has] your experience and knowledge gained form this program benefit[ed]
your community?”

New Student

Pre
12%
(2)

6%
(1)

41%
(7)

Post

47%
(8)

94%
(16)

20%
(1)

Mentor

20%
(1)
80%
(4)

80%
(4)

13%
(1)

REMS XL

25%
(3)

25%
(2)

75%
(9)

62%
(5)

Note. Student responses (New Students (N = 17), Mentors (N = 5)), REMS XL (N = 12)) to
pre-post REMS Survey prompt indicating whether their participation would benefit their
community. In ‘Conditional Yes’ responses, students indicated the program provides benefit if
certain conditions are met (e.g., the student is able to educate their classmates).
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Figure 6.5
Student Reported Community Benefit Pathway
Survey Prompt: “[Will/Has] your experience and knowledge gained form this program
benefit[ed] your community?”

a.

Research
Experience

Community
Connections

+

Advocacy /
Stewardship

Education /
Awareness

b.

New Students (N = 17)

Mentors (N = 5)

Frequency as % of
total comments

100%
50%

100%
9

7

0%

Pre

4
2

50%

4

2

4

0%

Post

Pre

2

Post

Frequency as % of
total comments

REMS XL (N = 12)

100%
50%
0%

5

4

Pre

3

2

Post

Note. Figure illustrating (a) network map and (b) frequency of codes from student responses.
Green bars indicate student mentions of education and awareness. Blue bars indicate student
mentions of advocacy and stewardship. Data labels above bars are the frequency counts.
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Figure 6.6
REMS XL Student Descriptions of Roles of Science and Scientists in Society
Survey Prompt: “What is [Science/a Scientist]’s role in Society?”

a. Pre

Science

Scientists

83%
(10)

Builds
Knowledge

Research

83%
(10)

42%
(5)

Solves
Problems

Educate

42%
(5)

Science

Scientists

78%
(7)

Builds
Knowledge

Research

56%
(5)

33%
(3)

Solves
Problems

Educate

67%
(6)

b. Post

Note. Network maps illustrating (a) pre-program and (b) post-program frequency of codes
elicited from REMS XL student responses (N = 12) to pre-post REMS Survey prompts “What
is Science’s role in society?” and “What is a Scientist’s role in society?” The numbers beside
each code bubble indicate the frequency of the code as a percentage of total comments with
raw counts in parentheses.
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Table 6.8
Student Codes Describing Scientists
Pre-Program Survey Prompt: “Who or what is a scientist”
Code

Subcode

Percent of Total Student Group Comments
New Student

Mentor

REMS XL

66.7%

75.0%

69.2%

Researches

29.4%

40.0%

33.3%

Experiments

29.4%

20.0%

0.0%

Tests Hypotheses

23.5%

0.0%

0.0%

Uses Sci Method

5.9%

20.0%

8.3%

Educates

5.9%

20.0%

0.0%

Discovers

5.9%

0.0%

0.0%

Builds Knowledge

5.9%

0.0%

0.0%

Asks Questions/Seeks Answers

0.0%

20.0%

33.3%

Process

Characteristic

33.3%

25.0%

30.8%

Curious

11.8%

20.0%

16.7%

Knowledgeable

5.9%

0.0%

0.0%

Passionate

5.9%

0.0%

0.0%

Dedicated

5.9%

0.0%

8.3%

Desire to Learn

11.8%

0.0%

8.3%

Desire to Make Positive Change

11.8%

0.0%

0.0%

Like Me

0.0%

20.0%

0.0%

Post-Program Survey Prompt: “Who or what is a scientist?”
Code

Subcode

Percent of Total Student Group Comments
New Student

Mentor

REMS XL

58.3%

37.5%

50.0%

Researches

23.5%

20.0%

33.3%

Experiments

11.8%

20.0%

0.0%

Tests Hypotheses

5.9%

0.0%

0.0%

Uses Sci Method

0.0%

0.0%

0.0%

Educates

0.0%

0.0%

0.0%

Discovers

0.0%

0.0%

0.0%

Builds Knowledge

5.9%

0.0%

22.2%

Asks Questions/Seeks Answers

35.3%

20.0%

11.1%

41.7%

62.5%

50.0%

Curious

35.3%

40.0%

22.2%

Knowledgeable

0.0%

0.0%

0.0%

Passionate

5.9%

0.0%

0.0%

Dedicated

0.0%

20.0%

11.1%

Desire to Learn

17.6%

0.0%

22.2%

Desire to Make Positive Change

0.0%

0.0%

0.0%

Like Me

0.0%

20.0%

0.0%

Process

Characteristic

Note. Matrix of code and subcode frequency in student (New Student (N = 17), Mentor (N =
5), REMS XL (N = 12)) comments. Codes are not exclusive.
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paired (top image is pre-program and bottom image is post-program image from same student).

Note. Examples of student depictions of scientists (a) before and (b) after participation in the REMS program. Images are

b. Post

a. Pre

Sample Pre-Post Paired DAST Images

Figure 6.7

Figure 6.8
Frequency of “Scientist” Indicators per Student DAST Image
Draw-A-Scientist Test

a.

Average Number of
Total Indicators per Image

Total Indicators

8
7
6
5
4
3
2
1
0

*

**

New Student

Mentor

Pre

Post

b.

Average Number of Stereotypical Indicators per Image

Stereotypical Western Scientist Indicators

***

**

New Student

Mentor

6
5
4
3
2
1
0

Pre

Post

Note. Average number of (a) total indicators and (b) indicators stereotypical of a Western
scientist to denote “scientist” in student images (New Student (N = 34); Mentor (N= 13))
before and after participation in the REMS program. Pre-post differences were compared with
a two-tailed, paired Student’s t-test.
*p<0.05. **p<0.01.***p<0.001.
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Figure 6.9
Western Scientist Stereotypes in New Student and Mentor DAST Images

b.

Percent of Images with
Western Stereotypes

a.

Percent of Images with
Western Stereotypes

Draw-A-Scientist Test

100%

New Student

80%
60%
40%

***

**

20%
0%
Glasses

Clothes
(Lab Coat)

Gender
(Male)

100%

Fictive
(Einstein
Hair)
Mentor

80%
60%
*

40%

*

20%
0%
Glasses

Clothes
(Lab Coat)

Gender
(Male)

Fictive
(Einstein
Hair)

Note. Average number of indicators stereotypical of a Western scientist in student images ((a)
New Student (N = 34); (b) Mentor (N = 13)) before and after participation in the REMS
program. Pre-post shifts were analyzed with McNemar’s test of marginal homogeneity.
†Male

scientists were initially considered a Western stereotype because the proportion of male

images was larger than the proportion of males in the classroom (see Figure 6.11 for analysis
of DAST image gender data).
*p<0.05, **p<0.01, ***p<0.001
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Figure 6.10
Gender of DAST Figures
Draw-A-Scientist Test

% of Figures Drawn

a. New Student

100%
80%
60%

% of Figures Drawn

32%

20%

59%

24%

40%

0%
b. Mentor

6%

Female
*

44%

Male
35%

Pre

Post

100%

8%

8%

80%

31%
54%

60%
40%
20%
0%

Unknown

Unknown
Female
Male

62%
38%
Pre

Post

Note. Percent of male, female, or unknown gender figures in student images (New Student N =
34; Mentor N = 12) drawn before and after participation in the program. The post-program
proportion of male and female figures drawn by New students shifted significantly, as
indicated by the results of a McNemar-Bower test.
*p<0.05.
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Table 6.9
Group Project Evaluation Response Assessment
Survey Prompt: “Please comment on what you liked and did not like about the
group research project.”
Code

New Student Comments N

Mentor Comments N

Highlight of Group Projects
Working with Others

25 (24.0%)

4 (22.2%)

Shared Experience

5 (4.8%)

0 (0%)

Field Experience

9 (8.7%)

1 (5.6%)

Hands-on

5 (4.8%)

0 (0%)

Ownership

2 (1.9%)

1 (5.6%)

Accomplishment

4 (3.8%)

1 (5.6%)

New Student Comments N

Mentor Comments N

Code

Challenge of Group Projects
Interpersonal Differences

12 (11.5%)

6 (33.3%)

Uneven Contributions

5 (4.8%)

2 (11.1%)

More time needed

8 (7.7%)

2 (11.1%)

Note. Matrix of codes elicited from student (New Student (N = 106), Mentor (N = 27))
comments. Codes are not exclusive.

194

APPENDIX
A NOTE ON PARTICIPANT RELATIONS

Data for this study was gathered and analyzed by the researcher who was also an
instructor for the REMS program. Participation in the research portion of the REMS program did
not have any bearing on student participation in the normal curriculum, student educational
stipends, or course credits when applicable. Instruction, data collection and analysis was guided
by the researcher’s committee members who specialize in scientific and science education
research, place-based pedagogy, and Indigenous research methodologies. The data from the
focus group discussion was not associated with any individual participant. Pseudonyms were
used where participant comments are reported. For the sake of this study, personal identifying
information was not collected and/or stored. Participants signed releases for use of anonymous
classroom data and photographs for reporting purposes.
As the purpose of this program was to use place-based pedagogy as a platform for
students to launch into their own independent research endeavors, the researcher frequently
emphasized to the participants the collaborative nature of this project (e.g., students may guide
the draw-a-scientist analysis by suggesting new themes during the focus group interviews). The
participants were encouraged to continue using the course instructors as resources as they
conducted research, even after completion of the course.
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