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ABSTRACT

The Research Experiences in Marine Science (REMS) Program is a Hawai'i place-based
CURE (course-based undergraduate research experience) for late high school and early
undergraduate students wherein students conduct independent research that draws upon
the history, culture, and ecosystem of their local communities. In addition to providing
meaningful access to marine science education and training, REMS addresses a fear of
failure expressed by students who view their culture and personal identity as incompati-
ble with undergraduate science pathways. Data about student attitudes toward and con-
ceptualizations of science and scientists were collected through pre- and postprogram
open-ended survey items, Draw-a-Scientist Tests, and postprogram interviews. Results
suggest the combination of place-based elements and an authentic research experience
shifted students’ conceptualization of scientists to a “humanized” construct. The emer-
gence of this theme coincided with students recognizing themselves as scientists, gain-
ing confidence in content understanding and research skills, increasing interest in science
as a career pathway, and recognizing how science affects their communities. This study
demonstrates how a CURE that emphasizes the cultural relevance of science, an inclu-
sive conceptualization of a “scientist”, and contextualized role of “failure” in science, may
contribute to historically marginalized students recognizing themselves as scientists and
ultimately persisting in science careers.

INTRODUCTION

Environmental Impacts on Student Experiences

Student experiences in a Science, Technology, Engineering, and Math (STEM) learning
environment play a large role in influencing student interest and participation in sci-
ence (Cheryan et al., 2009; Ramsey et al., 2013). Several models based on social cog-
nitive 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 links mentorship and research experience with integration into the STEM commu-
nity 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-rec-
ognition as a person of science), and integration of science values (i.e., how important
are scientific values to the student?). Another example is the Social Cognitive Career
Theory (SCCT) model (Lent et al., 1994; Byars-Winston et al., 2016) 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. Each
of these models 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

CBE—Life Sciences Education « 22:ar35, 1-18, Winter 2023

Mark Barsoum, Monitoring Editor
Submitted Apr 13, 2022; Revised Jun 12, 2023;

Accepted Jul 24, 2023

CBE Life Sci Educ December 1, 2023 22:ar35

DOI:10.1187/cbe.22-04-0074

*Address correspondence to: Christine M.
Ambrosino (christine.ambrosino@hawaii.edu).

© 2023 C. M. Ambrosino and M.A.J. Rivera.
CBE—Life Sciences Education © 2023 The
American Society for Cell Biology. This article is
distributed by The American Society for Cell
Biology under license from the author(s). It is
available to the public under an Attribution—Non-
commercial-Share Alike 4.0 Unported Creative
Commons License (http://creativecommons.org/

licenses/by-nc-sa/4.0).

"ASCB®" and "The American Society for Cell
Biology®" are registered trademarks of The

American Society for Cell Biology.

22:ar35,1



C. M. Ambrosino and M.A.J. Rivera

ethnicity in the classroom) may negatively impact student confi-
dence, sense of belonging, and motivation, and ultimately per-
sistence in academic and professional pathways.

Theoretical Framework for Examining Environmental
Impacts

SCCT (Lent et al, 1994) provides a suitable framework for
exploring which elements of a learning environment affect the
student experience, whether positively or negatively. SCCT posits
that a learning experience (e.g., a research program), influenced
by inputs personal to the student (e.g., personality, knowledge,
ethnicity, etc.) or encompassing the broader contextual back-
ground (e.g., Hawai'i marine science classroom), provides
elements that contribute to career outcomes (e.g., persisting in
STEM career pathway). Within the learning experience, the con-
structs of (a) performance accomplishments, (b) vicarious learn-
ing, (c) social persuasion, and (d) affective arousal affect self-
efficacy and outcome expectations. In the context of fear of fail-
ure, if the sources of self-efficacy from the learning environment
are negative (i.e., the student has a negative learning experi-
ence), then students will be less confident in their abilities to
attain a specific outcome and thus less motivated to move toward
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 inter-
ested in or behave in a way to reach specific career goals (e.g.,
earning a STEM degree). In addition to self-efficacy, studies also
suggest that additional factors, such as perceived value of science
and science identity, are important copredictors of persistence in
STEM for students from historically excluded groups (Carlone
and Johnson, 2007; Chemers et al., 2011; Trujillo and Tanner,
2014; Byars-Winston et al., 2016; Ballen et al., 2017; ). To par-
tially account for the role that 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.

From an Identity-Theory viewpoint, science self-efficacy and
science identity are overlapping constructs. Carlone and Johnson
(2007) defined three constructs in science identity: performance,
competence, and recognition. Subsequent studies examining stu-
dent 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 and
Banda, 2016). Other constructs within the previously presented
social identity models could also be compared with the addi-
tional constructs of student science identity. The “recognition”
construct of the identity model (i.e., recognition as a person of
science) can be compared with a general “science identity” factor
in the TIMSI and SCCT models, and the “interest” construct as
proposed by Hazari et al. (2010) (i.e., interest in science,) could
be likened to the interest generated from “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 (Chemers et al., 2011,
Hosbein and Barbera 2020). Understanding which factors in a
science learning experience are most influential to the develop-
ment and maintenance of student science identity is critical to
promoting positive outcome expectations and resilience.
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A Hawai'i, Place-Based Science Classroom

Previous work from our lab, which was primarily quantitative
in nature, has demonstrated that Hawai‘i students, particularly
Native Hawaiian and Pacific Islander students, experience pos-
itive shifts in science identity constructs after participation in a
place-based, summer research program (Ambrosino and Rivera,
2022). The current study uses several qualitative instruments to
identify the elements of the Research Experiences in Marine
Science (REMS) Summer Program valued by student partici-
pants in the development of their science identity and to explore
student narratives for explaining shifts in identity metrics.

The REMS program is a course-based undergraduate
research experience (CURE) for Hawai‘i students transitioning
from high school to college STEM programs (Rivera et al.,
2022). In modeling ways to evaluate the effects of CUREs on
undergraduate participants, Corwin et al. (2015) described stu-
dent identity formation as potentially correlated with increased
tolerance for research obstacles and persistence in STEM. As a
place-based CURE that targets Native Hawaiian and Pacific
Islander students and contributes to the University of Hawai‘i at
Manoa’s 2025 strategic priority to become a Native Hawaiian
place of learning (Manoa 2025: Our Kuleana to Hawai‘i and the
World, 2015), the REMS program may provide unique insights
to the development of resilience to failure and science identity
for Hawai‘i students in STEM. This knowledge is especially
necessitated as Native Hawaiian students are rarely included in
studies of undergraduate experiences of students from groups
historically excluded in STEM (Allaire, 2018).

Thus, this exploratory study sought to examine the self-re-
ported themes on relationships between the science identity of
Hawaii students transitioning to undergraduate STEM pro-
grams and their experiences within a place-based CURE. The
analysis was guided by four research questions: a) How do
Hawai‘i students evaluate a place-based, marine science CURE?
b) How do students conceptualize a “person of science”? c)
What factors within a culturally relevant CURE influence a stu-
dent’s conceptualization of a “person of science”?, and d) In
what ways does a place-based research experience contribute
to Native Hawaiian student resilience in STEM pathways?

METHODS

Study Context

For this study, the instruments utilized were primarily qualita-
tive in nature. Although some quantitative analyses were used
to explore 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 sci-
ence identity models as well as the results of a previous study
(Ambrosino and Rivera, 2022) that demonstrated significant
longitudinal shifts in science identity construct metrics for
REMS participants. However, as the current study 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 Learn-
ing Center of the Hawai‘i 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
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for each year of the programs and developed the curriculum for
each REMS iteration. 2018 REMS and 2019-2020 REMS XL stu-
dents were directly recruited into this study after University of
Hawai‘i at Manoa Institutional Review Board Approval (Protocol
# 2019-00605). Anonymous data from previous years (2013—
2017) were also included to provide data from 109 participants.

Participants

Participants were primarily female (61%), ranged in age from
15-24 years old, and all were either attending or recent gradu-
ates of Hawai‘i high schools or in the early stages of undergrad-
uate programs. More than half of the participants self-reported
their ethnicity as Native Hawaiian or Part-Hawaiian (51%; as
defined by the University of Hawai‘i System race and ethnicity
reporting protocols). The other students identified as Mixed
Race (20%), Asian (17%), Caucasian (7%), Pacific Islander
(4%), or Hispanic (1%). Admittedly, the participants represent
a broad range of ages that cover significant stages in the devel-
opment of personal and professional identity. However, this
study attempts to highlight the voices of students in a place-
based, marine science CURE that integrates a tiered mentoring
framework across participant groups who are also members of
an ethnic demographic often excluded from studies examining
student experiences in STEM pathways. By including student
responses from all of the REMS student groups, the results of
this study, which explore potential shifts in student conceptual-
izations and influential programmatic elements, can elucidate
experiences from a larger portion of a unique research learning
community and may contribute to the development of future
projects examining Indigenous student persistence in STEM.

Mirroring the design of a previous study (Ambrosino and
Rivera, 2022), participant responses were classed into one of
three groups: 1) New Students — data from students who were
experiencing their first REMS program; 2) Mentors — data from
REMS alumni who returned to the program to participate as
near-peer mentors for New Students; and 3) REMS XL — data
from REMS XL program participants (all of whom were REMS
alumni and in or entering undergraduate programs). These
designations were utilized during the collection and initial anal-
ysis of participant data because significant between- and
among-group differences had been observed in science identity
metrics for participants in REMS programming. In the current
study, the defining themes that emerged from each instrument
were consistently echoed across the student groups. Thus, in
reporting the results, individual group trends are noted where
applicable, while overarching themes are described with illus-
trative excerpts from all groups.

Data for this study were gathered and analyzed by the
researchers who were also instructors for the REMS program.
Participation in the research portion of the REMS program did
not have any bearing on student participation in the normal cur-
riculum, student educational stipends, or course credits when
applicable. The data from the focus-group discussion were not
associated with any individual participant. Pseudonyms are
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 anony-
mous classroom data and photographs for reporting purposes.

As the purpose of REMS is to use place-based pedagogy as a
platform for students to launch into their own independent
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Science identity and relevant science

research endeavors, the researchers frequently emphasized to
the participants the collaborative nature of this project (e.g.,
students guided the Draw-a-Scientist analysis by suggesting
new themes during the focus-group interviews). The partici-
pants were also encouraged to continue using the course
instructors as resources as they conducted their own research,
even after completion of the course.

Instruments

The instruments for this study include materials produced
through the normal REMS curriculum (pre- and postcourse sur-
veys) as well as instruments that were created to elucidate
additional insights to student attitudes and perceptions (stu-
dent illustrations and focus-group interviews). Brief descrip-
tions of these instruments, as well as logistical information
about the administration of the instruments, are listed in
Table 1. Completion of the instruments was voluntary, and stu-
dents could opt out either partially or wholly without conse-
quence to program participation or standing. All students from
the 2013-2019 courses participated in the surveys (New Stu-
dent N = 106; Mentor N = 27; REMS XL Student N = 12). The
Draw-a Scientist test (DAST) protocol was administered during
the 2017 and 2018 REMS programs, and all students from
those cohorts participated (New Students N = 35; Mentors N =
12). The focus-group interviews included a sample of New Stu-
dents (N = 6) and all near-peer Mentors (N = 5) from the 2018
REMS program, and all the participants of the 2019 REMS XL
program (N = 12).

REMS survey. On the first and last day of the program, an
anonymous online survey was administered to program par-
ticipants. The REMS survey was modeled after the Student
Assessment of Learning Gains (SALG) instrument (Seymour
et al., 2000) and utilized the SALG platform. As a SALG-based
instrument, the REMS survey is a student-driven assessment
of learning experiences and provides students an opportunity
to evaluate personal growth and identify factors within a
program that influence their development as young scien-
tists. A total of 145 preprogram 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). The full New
Student and Mentor 2018 pre- and postprogram survey
instruments are available in Supplemental Material, sections
A-D. Results from the quantitative Likert-type questions have
been explored to assess shifts in student science identity con-
structs after participation in the REMS programs (Ambrosino
and Rivera, 2022). The survey items used in the current anal-
yses were a subset of open-response questions from the REMS
program evaluation survey, were identified as relating to the
identity constructs (e.g., Performance/Competence: “What
did you learn about marine science in this program that you
did not know previously?”; Interest: “How has your interest
in science changed as a result of this program?”; Recognition:
“Who or what is a scientist?”), and had consistent response
rates and question wording through course iterations. The
survey items were reviewed by experts in natural science and
education research to confirm alignment with relevant con-
structs and content knowledge under investigation. Item
responses were also triangulated with responses to analogous
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TABLE 1. Summary of study instruments

Instrument Years Participants (N) Administered General Description

REMS program survey ~ 2013-2019 New Students (106)  Preprogram (First day) ~ Anonymous, online survey
Mentors (34) Postprogram (Last day) Combination of Likert-score items and Open-ended
REMS XL (12) items with written responses
Total (152) Individually completed

DAST tool 2017-2018 New Students (35) Preprogram (First day)  Students given blank paper and 10 minutes to
Mentors (13) Postprogram (Last day) respond to prompt: “Draw a scientist.”
Total (48) Individually completed

Focus-group interviews 2018-2019 New Students (6) Postprogram (Last day)  Semiguided interview, recorded through digital

Mentors (5)
REMS XL (12)
Total (23)

video, and manually transcribed

Students discussed responses to verbal prompts and
DAST images

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

Note: This table includes a list of each of the instruments used to collect data for this study. The columns include the name of the instrument, the years in which it was
administered, the number of students within each participant category who completed the instrument, when the instrument was administered (pre- and postprogram,

or evaluative (i.e., postprogram only), and a brief description of the instrument.

questions from the focus-group interviews to provide contex-
tual validity evidence for the use and interpretation of the
survey instrument.

The open-ended survey item responses were coded via a
constant comparative analysis (Glaser and Strauss, 1967;
Strauss, 1987; Glaser, 1992) influenced by SCCT and the iden-
tity constructs used to frame this study’s design. The researcher
utilized focused pattern coding (Saldafia, 2015) 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). Longitudi-
nal coding (i.e., comparing codes elicited from multiple time-
points) was used to examine differences in code frequency or
use between pre- and postprogram responses, as well as to flag
differences between student groups. The results of these analy-
ses were then reviewed and discussed with the director of the
REMS program (Rivera) until there was a complete agreement
on the emergent codes and relationships.

DAST Protocol. On the first and last day of the 2017 and 2018
REMS programs, students participated in an activity based on

TABLE 2. DAST indicator groups, codes, and subcodes

Chambers’ (1983) “draw-a-scientist” protocol to assess student
conceptualizations of scientists (New Students N = 35; Mentors
N =12). The protocol for this activity was simple: while sitting
in the classroom, students are given a pencil, a piece of white,
8.5 x 11” printer paper, and the verbal prompt “Draw a scien-
tist.” Student-drawn images of scientists illustrate the indica-
tors students use to recognize others or themselves as scientists
and allow students to express their abstract perceptions in a
nonverbal, graphical way.

The general composition of the images were quantitatively
analyzed with a framework adapted from the definitions of ste-
reotypic science indicators as described by Mead and Métraux
(1957), Chambers (1983), and Christidou et al. (2016). Images
were scored using three groups of coded scientist indicators —
appearance, surrounding, and activity indicators (Table 2).
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 gen-
der of the scientist drawn.

Indicator Group Code Subcode
Appearance 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
Surroundings Location Indoors* / outdoors / both
Research Instruments* N/A
Knowledge symbols N/A
Technology N/A
Activity 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 3. Focus-group participant demographics

Science identity and relevant science

Group Pseudonym Ethnicity Grade level
2018 REMS Lewa (F) Mixed Race Sophomore
New Students 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
2018 REMS Justen (M) Caucasian Undergraduate
Mentors Tiare (F) Native Hawaiian Undergraduate
Rosie (F) Native Hawaiian High-school graduate
Liam (M) Mixed Race Senior
Misa (F) Mixed Race Junior
2019-2020 Talia (F) Asian Undergraduate
REMS XL 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

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 Hawai race and ethnicity reporting protocols: http://manoa.hawaii.edu/miro/wp-content/uploads/2014/07/Race-Ethnicity

-Student-and-Faculty.pdf.

2Shane participated as a New Student in 2018, and as a REMS XL student in 2020.

Focus-Group Interviews. 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).
A total of 11 participants from 2018 REMS program (six New
Students and five Mentors) and 10 participants from REMS XL
took part in the focus group interviews (see Table 3). The REMS
New-Student group included students entering their sopho-
more through senior year of high school and one high-school
graduate, whereas the REMS XL group was comprised of nine
undergraduate students and one high-school graduate who was
entering an undergraduate program.

The group interviews lasted approximately 30-45 min and
were moderated by C.M.A. using a guided-interview format
(Krueger, 2002; Lichtman, 2013) with a mixture of verbal ques-
tions (which focused on the student experience in REMS and
student attitudes toward and conceptualizations of science and
scientists) and select student artifacts (pre- and postprogram
Draw-a-Scientist illustrations) to prompt discussion. The guid-
ing questions included:

* Are you satisfied with the completion of your project?

*  What difficulties did you face during your project? In execu-
tion? 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?
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* Has this course changed your perceptions of science in gen-
eral? 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 men-
tion or discuss?

During the interview, C.M.A. took notes on a laptop regard-
ing 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 pro-
gram were also asked to review images produced during the
DAST that had been administered on the first and last day of
the program. The participants were handed five preprogram
images, then five postprogram images and asked which details
or patterns in the images described the concept of a scientist to
them.

Interviews were recorded with digital video cameras and
were all conducted with the researcher face-to-face in the
classroom facility with an exception of three REMS XL stu-
dents who participated via Zoom video conferencing as they
were attending universities out of state. Raw video files were
encrypted and saved on a password-protected computer
stored in a locked room and deleted upon completion of the
analysis. Verbal responses from the interview were tran-
scribed, assigned pseudonyms (see Table 4), and coded using
constant comparative analysis to elicit themes from the partic-
ipants framed within the student science identity model. This
analysis was used to illustrate how students view their own
science identity and to highlight the program factors that stu-
dents value most.
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TABLE 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.

Limitations

As this was primarily a qualitative study and the student sample
size was relatively small, the results might not be broadly gener-
alizable to all classroom settings. Although place-based curricula
may be adapted to reflect any population or locale, this study
represents a specific instructional and cultural context that may
not reflect analogous experiences in a continental US or interna-
tional classroom. However, we emphasize that the purpose is to
highlight the voices and experiences of students from groups
historically marginalized in science, and thus our conclusions
contribute to enrich our understanding of the challenges faced
by students navigating undergraduate STEM pathways.

Other potential limitations to be considered in the interpre-
tation of this study’s conclusions are the variations in instruc-
tional staff and development of program content (which in turn
impacts the content of the research instruments administered)
within each iteration of the REMS program. Although a core
team of five instructional and administrative staff remained
consistent throughout the course offerings, each summer
included an additional set of three to eight staff and a broad
network of collaborators including graduate students, postdocs,
professors, scientists, cultural practitioners, and resource man-
agers to help instruct and support student research projects.
While focusing on marine science, specifically tropical coral-reef
organisms and systems, the educational content of the REMS
programs has evolved over the years as new modules are devel-
oped and our understanding of curriculum theory is enhanced.
We have not quantitatively analyzed pedagogical and subject
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matter shifts between program years, but anecdotally we have
attempted to incorporate more place-based elements in the pro-
gram each year. For example, the 2018 REMS program included
more references to Hawaiian lore, more Hawaiian place and
animal names, and more immersion in community field site
exchanges than the pilot program in 2013. The pooling of data
for each student group (i.e., New Student, Mentor, and REMS
XL) as used in this study may help to mitigate any potential
between year differences between course experiences.

RESULTS

The analysis identified 86 codes from the written survey
responses, student images, and focus group interviews that
were broadly categorized into three themes that reflect the
research questions:

(a) Research learning environment enhanced with relevant
science. (RQ 1: How do Hawai‘i students evaluate a place-
based, marine science CURE? This theme included com-
ments around programmatic sources of science self-efficacy
valued by the students.)

(b) Student science identity and the conceptualization of
scientists. (RQ 2: How do students conceptualize a “person
of science”? and RQ 3: What factors within a culturally-rele-
vant CURE influence a student’s conceptualization of a “per-
sonof science”? Students described how the conceptualization
of a “humanized” scientist developed and influenced how
they viewed themselves as part of the science community.)
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(c) Outcome expectations and overcoming the fear of failure.
(RQ 4: In what ways does a place-based research experi-
ence contribute to Native Hawaiian student resilience in
STEM pathways? Challenges faced by the students, and
professional scientist responses to those challenges, 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.

Research Learning Environment Enhanced with

Relevant Science

To address the research question on student evaluations of a
place-based CURE, student responses describing the effects and
perceived value of the sources of science self-efficacy (i.e., mas-
tery experiences, vicarious learning, verbal persuasion, and
affective arousal) and situational interest provided by the REMS
program are examined in the following sections.

Marine Science Self-Efficacy. Two open-ended survey items
asked students about knowledge and skills they hoped to gain
or had gained through participation in the program. Postpro-
gram responses (see Table 5) 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.”). New Students most frequently
reported an increase in their understanding of the relevance of
scientific knowledge to their lives (32.1%; “Marine Science is
really important to this world and mostly to this island because
we’re in the middle of the ocean.”).

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 dis-
cussion 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,
like, look — look what I can do.

In response to the question item about new skills (see
Table 6), before the program all student groups frequently
anticipated greater mastery in general research skills (New Stu-
dents: 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 increased confidence in
many science skills such as: public speaking, technical writing,
critical thinking, and adaptability and open-mindedness (e.g.,
“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.”). Two codes that emerged from the postprogram data
that were not present in the preprogram data were “Resilience”
and “Relevance of Skills.” In postprogram responses, 7.5% of
New Students discussed increased resilience to difficulties in
science, and 6.7% reported a better understanding of the rele-
vance of science skills to their everyday lives.

The students from all groups emphasized the importance of
being able to apply the knowledge and skills that they gained
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throughout the course. 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 ask-
ing about how the REMS program differed from their typical
science class:

Daniela: [Science is] More than just read a passage and anno-
tate it.

Shane: It’s a, 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.

Participating in science as a practice resonated with the stu-
dents, and “just be[ing] able to do stuff [they] wouldn’t have
had the opportunity to do otherwise” contributed to fostering
self-efficacy through the authentic research experience.

Interest in Marine Science Pathway. Responses to the open-
ended questions highlighted an increased interest in marine
science (“From a scale from one to 10 I'd say a 12.”). Students
also reported their interest in marine science was influenced by
an increased awareness of their relationship with 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 1). At the end
of the program, an increase in interest was reported by 68.3%
of New Students and 64.0% of Mentors. REMS XL responses
indicated a continued interest. Although REMS XL students did
not report an increased interest in Marine Science after the pro-
gram, they did report an increase in the intention to pursue
STEM pathways (66.7% postprogram compared with 16.7%
preprogram; Figure 2).

Lewa, a New Student in REMS, discussed how little discov-
eries in familiar environments affected her interest in science:

I never thought that, like, marine science was, like, a thing for
me. It was always just, like, space stuff. I like space because I
like learning about how the world works. [...] Just the idea of
studying the unknown is very interesting. And you can find the
same [i.e., unknown ocean depths] thing right in your back-
yard. Or at least in my case.

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:

We'll read, like, the lab or whatever, and then the next day
we'll go out and apply it, which is really nice. Like, I really
liked that. Just, like, reading, ok yeah whatever ... [Rolls eyes
and waves hand dismissively]. And then you start to, like,
actually understand “Oh! That’s what I read about. So that’s
what we’re doing! Oh, cool!”
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TABLE 5. Reported Marine Science knowledge self-efficacy

Preprogram survey prompt: “What will you learn about marine science and research through this program that you do not know now?”

Percent of total student group comments

Code Subcode New Student (N) Mentor (N) REMS XL (N)
General Marine Science content 70.8% (75) 37.0% (10) 33.3% (4)
Module content® 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
Project content 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)

Postprogram survey prompt: “What did you learn about marine science and research through this program that you did not know previously?”

Percent of total student group comments

Code Subcode New Student (N) Mentor (N) REMS XL (N)
General Marine Science content 0.0% (0) 3.7% (1) 0.0% (0)
Module content® Ocean acidification 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)

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.

#These modules were part of the REMS curriculum.

TABLE 6. Reported Marine Science skills self-efficacy

Preprogram survey prompt: “What skills besides the ones already mentioned will you gain through this program?”

Percent of total student group comments

Code Subcode New Student Mentor REMS XL
Research as skill 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)
Interpersonal skills 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)

Postprogram survey prompt: “What skills besides the ones already mentioned have

you gained through this program?”

Percent of total student group comments

Code Subcode New Student Mentor REMS XL
Research as skill 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)
Interpersonal skills 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)

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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Survey Prompt: “Please comment on your
current level of interest in marine science.”

a. Pre-program High
Interest in Marine Science

@ 100% -

C

g 80% -

£

8 60% -

c

3 40% -

2

D 20% -

(@]

S 0%

New Mentor REMS
Student XL

b.

Post-program Increased
Interest in Marine Science

* 100% -

€

GE) 80% -

£

8 60% -

S 40% -

©

2

» 20% -

S

X 0% -
New Mentor REMS
Student XL

FIGURE 1. Student interest in Marine Science and change in
interest. Note. Student responses (New Students [N = 106], Mentors
[N =27], REMS XL [N = 12]) indicating (a) “highly interested” in
Marine Science preprogram 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.

Another concept that emerged from the discussions regard-
ing interest in marine science included students feeling encour-
aged 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, like, it’s, like — I guess, satisfying in
some ways to, like, know that you’re, I mean not really, but the
way you're, like, are actually doing something. That you're
changing things, I guess.
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Survey Prompt: “Please comment on
your current level of
interest in marine science.”

100% A

> OPre
3 mPost
2% 80% -
"('U' o
L=
2 60% -
g ()]
(0]
€3 40% -
Q35
53
< ‘E 20% -
9
= 0% -
New Mentor REMS
Student XL

FIGURE 2. Student intent to pursue STEM pathway. 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.

Liam, another mentor, agreed with Misa and added a com-
ment referring to his surprise about the relationship he devel-
oped with the new student members of his research group:
“And, like, talking with your group members and, like, they talk
to you and refer to you with, like, a certain level of respect, and
it’s, like, kinda, wow!” 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 continu-
ation as members of the REMS XL cohort.

Valuing the Purpose of Research. Two of the open-ended sur-
vey questions probed the students to describe perceived rela-
tionships between humans and the marine environment. Stu-
dent 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. The
students also expressed an increase in awareness of or desire
for integrating science knowledge and skills with other aspects
of their lives. This included developing relationships with other
members of their home and science communities (“I was able
to connect our results and research to personal and family sto-
ries and experiences.”), as well as applying their knowledge
and skills in other contexts (“I will forever be grateful for learn-
ing 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 every-
day life like cooperation and communication.”). Students also
reported a new recognition of how science affected their every-
day lives (“I learned how science ties into our world and just
how important it is to us”).
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During the focus-group interviews, the students described
their desire to benefit their communities, and to share their
knowledge and experiences with friends and family. The stu-
dents recognized their communities (both their home and sci-
ence communities) are built upon the relationships, knowledge,
and experiences of the members. Toward the end of the REMS
XL program, students participated in a community workday at
a traditional Hawaiian fishpond, where several students were
also conducting their independent research. When asked about
the experience, the students noted that it nurtured a sense of
purpose for their research and developed a cultural and envi-
ronmental ethical context. Most also noted an appreciation for
“giving back” to the community, as noted in this written com-
ment: “Being out and observing in 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

To explore student conceptualizations of a “person of science”,
this section describes student responses to open-ended survey
prompts and guided interviews. An analysis of student illustra-
tions of “a scientist” is also included to enrich the verbal and
written data.

In response to the survey item “In your own words, who or
what is a scientist?” (Table 7), at the start of the program stu-
dents defined scientists with predominantly Process-type
descriptors (e.g., research, experiments, tests hypotheses, etc.;
New Student: 18 comments; Mentor: 6 comments; REMS XL: 9
comments). After the program, there was a shift toward Char-
acter-type descriptors (e.g., curious, desire to learn, dedicated,
etc.). Also emerging postprogram were comments that scien-
tists 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 (e.g., “Anyone who is
curious about the natural world.”).

Analysis of student-drawn images of scientists (see Figure 3
for examples) provided additional insight to student conceptu-
alizations of a typical scientist. For New Student and Mentor
scientist images, there were significant decreases in the aver-
ages 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 4). This decrease in use of stereotypic indicators is also
reflected in the stereotype subcategories, as illustrated in
Figure 5. In particular, the frequency of glasses (New Student:
65.7-22.9%; Mentor: 61.5-28.5%) and lab coats (New Student:
51.4-20.0%; Mentor: 69.2-21.4%) decreased significantly.

A significant shift also occurred in the indicated gender of
the drawn figures (Figure 6). 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 postprogram proportion of scientist gen-
ders indicated by New Students shifted significantly from pre-
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program proportions (}2[3, N=32] =8.83, *p < 0.05). Post-hoc
McNemar tests showed significant change between the propor-
tion of male and female figures. It was also noted that 30% of
the students also unambiguously drew themselves as the scien-
tist on the final day of the program.

As demonstrated by the students’ DAST images, it was clear
that their conceptualization of a person of science shifted after
participation in the REMS or REMS XL program. At the comple-
tion of the REMS XL program, Sarina viewed scientists through
a broader lens that incorporated “alternative” researchers, such
as traditional Native Hawaiian fishpond caretakers:

[TThere’s not really, like, a “real” scientist in a way. Like, peo-
ple are scientists in many different aspects and in different
fields. Like, some of those scientists that I look up to now are
the fishpond managers. Like, they know some crazy amount
of, like, 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 Sari-
na’s comment and described a scientist simply as someone with
curiosity willing to put forth effort:

I used to think that scientists were people who knew a lot of
this stuff. But in reality, it's people who are, like, they’re actu-
ally 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?” And, yeah. 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. Mason discussed his relief
at realizing that scientists were relatable:

Meeting people from the science community and seeing how
things actually are [...]. And so, like, it also builds, like, con-
nection. You can relate more, and it kinda reduces more, like,
the stress. Like “Oooh, how am I going to amount to these
people?” And they're, like, doing the same thing. And so, it’s
interesting to learn that.

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, like, opens up the idea that you're actually
not alone, when you think about it. Everyone’s like, “Oh, scien-
tists. 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
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TABLE 7. Student codes describing scientists

Preprogram survey prompt: “Who or what is a scientist”

Frequency student group comments

Code Subcode New Student Mentor REMS XL

Process 18 6 9
Researches 5 2 4
Experiments 5 1 0
Tests hypotheses 4 0 0
Uses sci method 1 1 1
Educates 1 1 0
Discovers 1 0 0
Builds Knowledge 1 0 0
Asks questions/seeks answers 0 1 4

Characteristic 9 2 4
Curious 2 1 2
Knowledgeable 1 0 0
Passionate 1 0 0
Dedicated 1 0 1
Desire to learn 2 0 1
Desire to make positive Change 2 0 0
Like me 0 1 0

Postprogram survey prompt: “Who or what is a scientist?”

Frequency student group comments
Code Subcode New Student Mentor REMS XL
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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.

into play when it comes to doing science. Where there is and, like, they understand more than, like, the “real” scien-
people behind the scenes, but they also work with the people tists. Like they don’t know the basic, like, the biology or chem-
who go out in the field, and they actually work together to istry of it, but they know, like they take notice of the patterns
collaborate to make one big thing. in the natural world. That to me is kinda considered as a
scientist.
The importance of different knowledge systems became espe-
cially apparent during discussions with the participants of REMS The other students agreed that for a person to be considered
XL. Cora described her perception of scientists in this way: a scientist, they did not have to limit themselves to one way of

thinking, one way of knowing.

Yeah, to me it’s anyone who can ask a question of like “Why

does this work?” and “How does it work?” That’s, like, what a Outcome Expectations and Contextualizing Failure
scientist is to me. Um, even, like, the people who don’t have an To identify some of the ways in which a place-based program
education, but you know they’re out there in, like, the field could influence student persistence in STEM, this section
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FIGURE 3. Sample pre—postpaired DAST images. Note. Examples of student depictions of scientists (a) before and (b) after participation in
the REMS program. Images are paired (top image is preprogram and bottom image is postprogram image from same student).

describes student-identified factors that influenced their ability
to overcome challenges related to conducting research and par-
ticipating in the science community.

In the program evaluation portion of the REMS survey, New
Students and Mentors were asked to comment on their group
project experience. Responses to this item were coded as either
“Highlight” or “Challenge” (Table 8). “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 “Interper-
sonal Differences” (New Students: 11.5%; Mentor: 33.3%).
Although listed as a Challenge, Interpersonal Differences 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. 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, like, grew a deeper, like, appreciation.
[...] Like, I was always careful to be able to have that access to
go to He‘eia fishpond and do my research there, and I was super
thankful for that. [...I]t really puts a different perspective and
appreciation for communities opening up to let you do research
in their areas. Like, if you don’t identify, and stuff like that.

The students in each of the interview groups discussed the
importance of diversity of thought and cultural grounding in
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science. The Mentors viewed the sometimes-contentious inter-
personal experiences as helpful exercises in patience, thought-
fulness, 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
satisfactorily!. Sarina, a participant of REMS XL who had expe-
rience 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:

Like, after REMS I thought, like, a lot of the researchers, like,
would kinda just know off the back of your, like, I dunno you,
like, learn it somewhere, you know. [...]JFor me, like, working
with [instructor], I didn’t realize, like, [Instructor] also doesn’t
know some things and we just had to ask for help from other
people. And, like, learning that it’s ok to ask for help, like, 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

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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FIGURE 4. Frequency of “scientist” indicators per student DAST
image. 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.

researchers, experts, or community members to guide the sci-
entist’s research endeavors. This thought was expanded upon
by Cora, another REMS XL participant, who responded to Sari-
na’s comment on the importance of reciprocal collaboration:

Learning that collaboration with others was—is, will help you
grow faster. Um, not only in your research, but as a person too.
And, like, 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, like, 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.
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FIGURE 5. Western scientist stereotypes in new student and
mentor DAST images. 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—postshifts were analyzed with McNe-
mar'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 for analysis of DAST image gender data). *p < 0.05,
**p < 0.01, ***p < 0.001.

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. Many student comments also
sought to soothe anxiety which they may have also felt entering
an intensive research program (“You will honestly love it.
Remember to have fun 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 ques-
tions (“Just because your data is off, doesn’t mean your project
was a flop. There’s 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 examine student evaluations of a Hawaii,
place-based, experiential marine science research program,
identify and describe the factors mediating student science
identity development and conceptualizations of a “person of
science”, and explore how a culturally-responsive CURE might
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Draw-A-Scientist Test
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FIGURE 6. Gender of DAST figures. 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 postprogram 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.

contribute to a unique student population’s persistence in
STEM. The analysis of codes elicited from surveys, student
images, and focus-group interviews indicated the existence of
three thematic elements potentially mediating the pathways
between marine science self-efficacy, student science identity,
and choosing a marine science or general science career path-
way. 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 sug-
gestions (Robnett et al., 2015) that models using self-efficacy as
a mediator between research experience and science identity
should include additional mediators for marginalized students.

Relevance of Marine Science
Science self-efficacy is highly predictive of persistence in sci-
ence 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
historically excluded students, particularly Native Hawaiian
and Pacific Islander students (Allaire, 2018). Place-based cur-
ricula, such as those delivered during the REMS program, nur-
ture situational interest (Hosbein and Barbera, 2020) through
experiential and culturally grounded learning environments.
In science identity models, interest in science has been sug-
gested 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). Students in this
study valued the authentic, hands-on research experience
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TABLE 8. Group-project evaluation response assessment

Survey prompt: “Please comment on what you liked and did not like
about the group research project.”

New Student
comments N

Mentor

Code 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%)
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.

provided by the REMS program as it increased their science
self-efficacy by allowing them to practice the skills they learned.
The students also reported increased enthusiasm for these
fields after completion of the course and highlighted the impor-
tance of engaging instructors and relevant content that con-
nected personally with those in the classroom and fostered
interest in marine science.

In place-based pedagogies, an increased sense of place also
provides the foundation for an increased sense of responsibility
or stewardship toward the contextual place (Gruenewald,
2008; Semken and Brandt, 2010; Membiela et al., 2011). 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 relation-
ship that depends on a balanced give-and-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 Kiilana
Noi‘i research framework (Kiilana Noi‘i Working Group, 2021)
in the concept of a‘o aku, a‘o mai/aloha aku, aloha mai? that
encourages mutually beneficial relationships through commu-
nity 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 students from historically
excluded groups (Kricorian et al., 2020). However, when stu-
dents participate in research programs with a peer group or
instructor who are not of the same race or ethnicity, the stu-
dents are much less likely to experience positive shifts in their
science identity (Flowers and Banda, 2016). The demographics
of REMS program staff reflects the diverse racial demographics
of Hawaii, and thus these instructors provide greater represen-
tation from groups historically excluded from STEM fields.

%In broad terms, this phrase expresses the notion of a bi-directional flow of
knowledge (a’o) and compassion (aloha).
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REMS instructors share their experiences as scientists and
encourage students to connect with community leaders and
cultural practitioners to execute their research projects. REMS
students reported an appreciation for this exposure to profes-
sionals and communities they did not previously associate with
scientific research.

Conceptualization of “Person of Science”

Western stereotypic views of scientists may discourage mar-
ginalized students from pursuing science career and academic
pathways (DeWitt et al., 2013), while having counter-stereo-
typical views may increase success in science (Schinske et al.,
2015). Results from this study indicated student conceptual-
izations of the science community broadened, and scientists
were humanized as students experienced the methodologies
and worldviews of a diverse (in terms of ethnicity, age, profes-
sional position, etc.) range of researchers and cultural practi-
tioners. 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 discus-
sions. As this study takes place in a Hawai‘i classroom, it is
important to acknowledge that community relationships are
central to the education (e.g., Na Hopena A‘o) and research
(e.g., Kiilana Noi‘i) frameworks of this place (Kiilana Noi‘i
Working Group, 2021; Hawai‘i State Board of Education Ends
Policy 3 or E-3, Na Hopena A‘o, 2015). The identity model
described by Carlone and Johnson (2007) suggests a student’s
role identity (i.e., student science identity) is developed and
maintained through connections with personal and 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 and Sinatra, 2018). Then, as students become
scientists in their own right, they may transform the science
community itself.

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 repre-
sent 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 nar-
row demographic field. The decrease in indicators utilized 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 concep-
tualizations (Chambers, 1983).

Interestingly, both male and female students drew predom-
inantly 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
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STEM fields, but these challenges can be mitigated by develop-
ing more inclusive learning environments, for example, utiliz-
ing 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 ros-
ter which contributed to the positive shift in female student
conceptualizations of scientists did not affect male student con-
ceptualizations. The DAST images also demonstrated a shift
toward student self-recognition as a scientist after participation
in the program. This is important because integration of a stu-
dent’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 noted that sci-
entists 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
sense of belonging to the science community is especially bene-
ficial for historically excluded students as it has been demon-
strated to mitigate anxiety in navigating Western research envi-
ronments (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. Models such
as identity-based motivation framework suggest this positive
sense of self within the science community may contribute to
persistence in science pathways (Oyserman and Destin, 2010).

Contextual Framing of “Failure”

Fear of failure is a complex construct that is expressed through
an interplay between affective responses, personality, and cog-
nitive factors (Henry et al., 2021). Conroy et al. (2003) applied
the cognitive-motivational-relational theory of emotion
(Lazarus, 1991) to describe fear of failure as a multidimen-
sional construct composed of two processes: 1) a student antic-
ipates failure is possible or recognizes they are presently failing,
and 2) a student predicts that failing in this situation will have
negative consequences. In STEM academic settings, fear of fail-
ure may have specific contextual drivers (such as fear of uncer-
tain future or fear of upsetting important others) and has been
linked with procrastination, reduced motivation, and attrition
from STEM pathways (Onwuegbuzie et al., 2009; Zhang et al.,
2018; Nelson et al., 2019; Ceyhan and Tillotson, 2020; Henry
et al., 2021). Ironically, although the natural science research
process itself requires the ability to navigate obstacles and uti-
lize an iterative process in response to failure (e.g., 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 (Simpson and
Maltese, 2017; Henry et al., 2019).

The independent research projects conducted by REMS stu-
dents are inspired by professional research at HIMB, but the
student projects are required to explore novel research ques-
tions. Many of the projects involve using under-researched
organisms or developing novel observational or experimental
techniques. This experience exposes students and instructors to
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experimental obstacles that they must troubleshoot effectively
to reach a desirable project outcome together. Guided by their
instructors through this experience, students began to recontex-
tualize 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 of the cogni-
tive processes involved with the fear of failure: a) anticipating
failure and b) expectation of adverse consequences to that fail-
ure (Conroy et al., 2003). The students were able to observe
how the instructors (researchers themselves) responded to frus-
tration, 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 con-
tent 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 con-
ducting novel research provided a fitting context and safe envi-
ronment for students to experience and learn from “failure.”

Beyond a sense of failure due to perceived lack of achieve-
ment, the REMS program also aims to address a sense of failure
from not matching or integrating with a preconceived stereo-
type of a Western scientist (Schinske et al., 2015; Starr, 2018).
While attempting to navigate undergraduate STEM programs,
students from groups historically marginalized in science 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” (DeWitt et al., 2013; Allaire, 2018). The stu-
dent groups at each stage of participation (New Students, Men-
tors, and REMS XL students) appreciated the place-based
aspects 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 scien-
tists 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.
But as this study focuses on the experiences of marginalized
students, it is important to be mindful of the ideological context
in which a perceived “person of science” develops. Our goal is
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 envi-
ronment can prepare Hawai‘i 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, demon-
strate that the development of a student’s identity is not
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independent from the science learning experience (which
includes the instructor, the classroom, the other students, the
curriculum, etc.) and the relative place in which they are both
situated. This aligns with previous research that indicates sci-
ence identity salience, and ultimately a decision to pursue
STEM pathways, in Native Hawaiian students and professionals
is the result of a mixture of internal cognitive processing and
external motivational factors grounded in cultural contexts
(i.e., shifts in conceptualizations as well as relevance/value of
science; Allaire, 2018). Thus, the results of this study suggest
that the conceptualization of a “person of science”, and a recon-
textualized understanding of “failure” may act as influential
mediators between the science learning experience and Native
Hawaiian student resilience in STEM pathways.

ACCESSING MATERIALS

The 2018 pre- and postprogram New Student and Mentor
REMS survey instruments are available online as supplemental
materials.
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