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WIP: Transformation Course-Based Undergraduate Research
Experience (T-CURE)

Abstract

Undergraduate research experiences are well-established as a high impact practice for students.
Transitions, including those from community colleges, are often challenging for students to navigate and
may lead to retention issues. In this project, we designed a summer bridge course to leverage
undergraduate research as a mechanism for supporting students during programmatic and campus
transitions. We recruited from dual credit (e.g., “Running Start”) programs, incoming transfer students
from local two-year institutions, and pre-major STEM students. In the course, we included
transformational experiences and personal artifacts as a way to enhance research identity and build
community. The personal artifacts were used as a tool to allow students to share an aspect of themselves
with the research class.

Student worksheets and reflective essays were collected to assess identity related tasks and reflections in
the course. Students completed a survey about the class experience, with 100% of students reporting
agreement that the class had a positive sense of community and collaboration.

Introduction

The transition from a two year institution to a four year institution is a well documented challenge for
STEM students [1]. Engineering is a difficult major, and full of systemic barriers for students from
historically excluded groups [2,3]. High impact practices have been shown to support students in
engineering and STEM disciplines to persist in the major [4,5].

Undergraduate research experiences are a type of high impact practice that have consistently been shown
to offer benefits to students, including retention. Research experiences for undergraduates are a well
established method to support underrepresented students [6—8]. A CURE is a research experience that is
included in an undergraduate class with the goal of providing an authentic research journey to students

[9].

Our research team explored using a new type of summer research experience to help students transition
between a two year institution and a four year institution as shown in Figure 1 and Table 1. The
Transformation Course-Based Undergraduate Research Experience (T-CURE) was designed to support
students during the summer between a community college and STEM program. The course included
several features focused on helping students develop a STEM research identity [10], build community,
and settle into the new institution.


https://www.zotero.org/google-docs/?i5Mkr5
https://www.zotero.org/google-docs/?XE8bQl
https://www.zotero.org/google-docs/?HZqizp
https://www.zotero.org/google-docs/?Am0VqC
https://www.zotero.org/google-docs/?sJOeeu
https://www.zotero.org/google-docs/?MdUUhj

Student Timeline

o
Pre-Major Courses at Transformation Course Major Courses at Graduate Programs
2 year institution =~ — Based Research — 4 vear institution — or
Experience (T-=CURE) Careers
Summreer before transfer vear
fhvpically between sophomaore
and junior year)
Figure 1. Overview of the research experience we designed for transfer students.
Table 1. Summary of the project and T-CURE course details.
Description
Who Undergraduate students in STEM majors who are in the process of transferring
from a 2 year institution to a 4 year institution.
What 2-credit class focused on a research topic in energy and the environment.
Where The course occurred at the 4-year institution in the engineering program.
When Late summer, one month before classes start in fall term. The timing of the class
was organized to allow students to take the course at no cost.
How Faculty from both institutions worked together to design the curriculum, project,
and tasks.
Why The team goal is to increase retention and success of STEM transfer students.

The university and community college faculty involved in the T-CURE project were able to meet through
the Washington Council for Engineering and Related Technology Education (WCERTE). WCERTE is a
state-wide organization of all of the universities and community colleges that offer engineering
coursework. WCERTE created the Associate of Science pre-major engineering transfer degrees on the
state level to streamline transfer. At WCERTE, we talk about curriculum and engineering education. The
universities tell community colleges about upcoming degree changes, and the community colleges give
insight as to how these changes will affect community college students. WCERTE members also provide
mentoring to new engineering faculty, since there are often only one or two engineering professors at a
community college. The organization goes back to the 1970s. The organization is considered a national
best practice, in part because of its collaborative round-table approach [11]. The chair position rotates
between people at universities and community colleges. The executive committee has specific
representation based on the type of institution. The close relationships at WCERTE lead to the
partnerships that formed this T-CURE project.

To understand the impact of the T-CURE course, we developed the following research questions.
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1. How does a course-based undergraduate research course focused on student transformation
(T-CURE) support transfer students in STEM fields?
2. How do activities focused on research identity support transfer students in STEM fields?

Background

Prior research has shown that few (16%) of community college students complete bachelor’s degrees at
four year institutions. The rates are even lower for low-income (11%) and historically marginalized
groups [12]. Tinto’s framework for student retention has become a foundation for understanding student
persistence [13], with an emphasis on student community formation. Townsend and Wilson found that
student success was influenced primarily by university size, university clubs in major, and the opportunity
to conduct research [14]. Barnett found that faculty validation is important to student persistence,
particularly caring instruction, appreciation for diversity, and mentoring [15].

Undergraduate research in science and engineering with faculty mentors is well recognized as a high
impact practice [4,16] that supports persistence [17]. The research programs have been shown to increase
student engagement, academic confidence, and performance [4]. Research experiences may also be
scaffolded to provide pathways to graduate programs [8,18].

STEM identity has been associated with enhanced persistence and quality of experience during the
community college to four-year institution transfer process [19,20]. Engineering identity refers to the
ability of a student to both recognize themselves as well as be recognized by others as the kind of
individual who engages in the type of work typical of an engineer [21]. Community college students
experience a wide range of benefits from activities that are meant to develop STEM or engineering
identity, including activities that speak to nurturing engineering identity interests and competence as well
as providing spaces for developing a sense of belonging, demonstrating their abilities to perform and be
recognized as engineers [20,22,23].

Table 2. Summary of prior work relevant to transfer students and research.

Author/Citation Year Student Population Intervention Data Collection

Townsend and 2009 Transfer students NA Interviews (n=12)
Wilson [14]

Laanan et al [24] | 2010 Engineering Transfer | NA Mixed Methods
Students

Ford et al [25] 2023 Engineering Transfer | Community of Practice | Data Sharing
Students for Faculty Partners

Present Work 2024 STEM Transfer Research Experience | Surveys,
Students with Identity focus reflections, and

student artifacts
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A recent related effort that focused on creating stronger partnerships between faculty and staff at a 2 year
and 4 year institution supporting engineering transfer students found that faculty and mentors played a
major influence on students’ decision to choose an engineering major [25]. Students also reported on the
challenges that they faced finding detailed and locally relevant information on engineering career
pathways outside the classroom environment and several of them were struggling with issues related to
engineering identity development and sense of belonging. Furthermore, students articulated that what
drew them to engineering was their desire to develop their quantitative and critical thinking skills, and
their love of innovation and design, all of which are closely aligned with research. The aforementioned
underscore the importance of building stronger and lasting connections between 2 year and 4 year
institutions in support of transfer students and the potential for significant impact in terms of both student
recruitment and retention into STEM majors via faculty lead structured research courses such as the
present work.

Methods

Course Structures

To recruit students, we connected with faculty and advisors at the community colleges to share
information to students who had been admitted as fall transfer students. Transfer students who were
admitted for fall quarter had the opportunity to participate in undergraduate research during the summer.
This was a unique workaround to provide students to take the research course in the summer but have it
paid for with their fall tuition. Students were then able to attend the class and begin research as a
transition into their university careers.

The class was structured as an intensive research experience. Students met three times per week for
multiple hours per day over a three week period in late summer. The technical theme for the class was
water quality and wave energy and the main goal was for students to develop an engineering
solution/prototype to address a problem in their selected research area. The transformation theme of the
class was STEM research identity formation. Our choice of technical topics was intentional with the goal
of selecting projects that were tied to issues that were of interest to a wide array of local stakeholders,
including the public, to ensure that students would find their research tasks to be highly relatable on
multiple levels (i.e. both professionally and personally) and therefore further aiding their research identity
formation.

The focus of the first week was getting to know the basics of the project, team formation, and learning
how to use equipment. Activities included doing a SWOT analysis for the team and reflective journal
prompts. Basic instruction about wave energy and renewable energy was provided to the students. This
included an overview of the typical types of wave energy conversion systems.

Students were also provided with basic instruction on surface water quality monitoring with a special
focus on a local saltwater estuarine system that is a defining feature of our region economically, socially
and culturally. Traditional and innovative sensor-based water quality monitoring techniques were both
discussed and students were provided with links to additional resources, such as relevant local agency and
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organization websites, to help launch their independent exploration of the technical literature on the topic.
In addition, students engaged in a hands-on activity, exploring the use of a low-cost, simple conductivity,
temperature and depth (CTD) sensor node in a laboratory setting to provide a bridge between theory and
their independent design brainstorming task.

As the students became familiar with the technical aspects of the projects and tasks, they were asked to
bring a personal artifact to share with the class that connected with their research identity in some way.
The instructor provided a few examples of the types of artifacts that connected with their own research
identity. The instructor examples were deliberately personal in nature (a music box that was a gift from a
supportive grandparent) to allow students to understand that a technical response was not expected.
During the class period at the end of the first week students brought their own artifacts to class and shared
them with one another. They completed a worksheet that encouraged them to reflect on what interesting
things they had learned about one or two classmates.

Student Artifacts and Reflections

The student artifact activities were designed to connect student culture with the research experience based
on the prior work of Rodriguez [26]. The activity was done near the beginning of the term as a way to
build community with many students new to campus. Each student was asked to share an artifact that
connected with their STEM research identity in some way (e.g. headphones, journals, etc). To help the
students get started, the instructor shared a small music box and a story about how her grandmother had
supported her curiosity and research identity over time. A few days later the students brought in small
objects and stories of their own.

During the class session, students were asked to reflect on objects shared by new classmates. What
aspect of this artifact or this person’s journey did you connect with? Why? What makes this
artifact significant for them? After the class activity, students were asked to reflect on the artifact they
shared. Write a bit about why you choose your artifact. What makes your artifact significant? How
does the artifact connect to your identity and lived experience?

Student Survey

Students filled out an anonymous survey online assessing evaluations of the class activities and structure
and sense of trust and belonging in the class. Specifically, to measure students’ perceptions of outcomes
gained from class activities they filled out five questions on a 1-strongly disagree to 5-strongly agree scale
including: “The research project helped me learn something new about myself”, “The research project
helped me learn something new about others”, “The class projects and activities helped me feel connected
to others in the class”, “The research project helped me explore my own culture”, and “The research and
artifact project allowed me to bring my own life experiences into this class.” Students were then asked to
provide a written example of how they felt the research project contributed to their learning in the course.

To measure students’ evaluations of the class structure, they responded to the following five questions (on
a 1-strongly disagree, to 5-strongly agree scale): “The class had a positive sense of community and
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collaboration,” “The class had a clear, co-constructed understanding of what we are trying to achieve,”
“The class provided opportunities to build meaningful relationships with students and educators,” “The
class structure (like grading) were designed to avoid doing me harm,” and “The class seemed different
than traditional STEM classes I have taken.” They were then asked to share a written example of how the
class provided opportunities to build relationships, collaborations, and community.

To measure trust and belonging, students rated their agreement (on a 1-strongly disagree, to 5-strongly
agree scale) with four questions adapted from Pietri et al. [27] and prior work [28-30]: “I trust that my
instructor is committed to helping me learn,” “I feel like I belong at the university,” “I feel that my
contributions are valued by my instructor in this class,” and “I feel connected to the community I
developed in this class.” Students also shared a written example of who or why they had a sense of
belonging or trust in the class. Finally, we asked students to indicate if they considered themselves to be
part of a traditionally underrepresented group in computer science or engineering (female/non-binary,
LGBTQ+, or person of color).

Results

Course Structures

The class was taken by nine STEM students, most engineering
transfer students in mechanical and electrical engineering. The
number of students was consistent with the research team
expectations, since we advertised the course to incoming
students in several groups (~80 students total).

Near the start of the class, students were broken into three
teams each with a specific research and design focus. Each
team was given an open-ended challenge and provided with
tools and resources to begin research. The first week focused
on data gathering and basic literature searches. The second
week focused on technical skills needed like 3D printing,
Arduinos, and environmental monitoring tools. The third
week of the class focused on documentation and presenting
the findings in a poster. Over the full course students were
encouraged to use rapid prototyping with simple materials like

cardboard whenever possible. An example of one of the Figure 2. Example of rapid protatyping from
simple prototypes made with an aluminum can is shown in students taking the T-CURE course.
Figure 2.

Early in the class students participated in the identity artifact project to build community. Examples of
student artifacts included:
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e A journal. An international transfer student shared a journal where he wrote down challenges and
goals. He talked about his own journey and challenges in moving to the US and how hard the
pre-engineering courses had been for him as his language skills improved.

e Headphones. One student shared headphones and talked about his deep love of music and how
music helps him concentrate when doing difficult tasks.

e Models. One student shared a small model they had built and talked about how they connected
this joyful pursuit with deciding to become an engineer.

Many student objects had a playful theme that connected to childhood or memories they cherished. The
artifact sharing was by far the most powerful and emotional day of the course. The artifacts also
foreshadowed roles the students would then adopt over the course of the research. For example, the
student who enjoyed modeling took on the 3D printing tasks for their team.

Student Survey

The survey was completed by eight students out of nine the last week of the class, creating a small sample
size but a good response rate. 50% of the students self-reported that they belonged to a traditionally
underrepresented group including female/non-binary, LGBTQ+, or a person of color. 25% of the students
indicated they preferred not to respond to this question.

Students made mostly positive statements about the course structures as shown in Figure 3. In particular,
all the students indicated the class had a positive sense of community and collaboration. This was an
important goal for the research team in developing the T-CURE class, so the student feedback is helpful.

The students were asked an open-ended question, “Give an example of how you felt the research project
contributed to your learning in this course.” A few insightful student responses are below.
e It helped me understand the way a team functions, by showing us how a project and coordination.
e The research project contributed to my learning in this course because the more questions I asked
the more answers I got out of it and the more detailed answer I got. Finding different ways to use
natural and renewable energy creates more ideas to have a model.
e [t helped me learn how to quickly prototype and research a topic within a short period of time.
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Figure 3. Student responses to the survey question, “Select your agreement with the following statements
related to class structures.”

The students were asked an open-ended question, “Share an example of how this class provided
opportunities to build relationships, collaborations, and community.” A few insightful student responses
are below.

e This class provided me with great opportunities to build relationships and collaborate with others.
The activities we did in order to divide into our groups really helped me get comfortable with
talking to others in my group and others in the other different groups. After everybody tested the
prototypes the groups collaborated more which built relationships.

e Working on group every day help me to interact with my classmates and they make me feel that I
belong to this class, the project and the entire [university] community. The support and



comprehensive Interaction with Dr. [instructor] helps me to improve my skills in this amazing
research.

e [ got put into a small group that allowed me to form positive relationships with my team. The
teamwork required for the class also caused me to work on my collaboration skills.

The survey results confirmed the course was mostly successful in creating a sense of belonging and
building trust. Figure 4 shows that only one student disagreed with the statement, “I feel like I belong at
the university”. All other statements were “agree” or “strongly agree” for the students. It is interesting that
all the students did agree with the related statement, “I feel connected to the community I developed in
this course,” which may indicate that the students had a different relationship with the course than the
university. Increasing student sense of belonging is challenging and may be a focus of future iterations of
the T-CURE class.
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Somewhat disagree

MNeither agree nor
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Figure 4. Student responses to the survey question, “Select your agreement with the following statements
related to trust and belonging in the context of this class.”



The students were asked an open-ended question, “Share an example of how or why you had a sense of
belonging or trust in this class.” A few insightful student responses are below.
e We went to pizza as a team
e The environment in the class was amazing and all my classmates are awesome.
e Working with people of the same or similar majors in a team allowed me to see how similar other
people are at [my university].

The course overall was academically very successful for the students. At the end of the class, students

were given the option to continue the research project over the next part of the school year. Four of the
nine students opted to do so and joined paid research projects or continued for additional course credit.
Two students have now drafted research papers about two of the three topics and several students have
expressed interest in possibly attending graduate programs.

Conclusions

The research team has developed a specific and carefully designed intervention to support transfer
students moving from a 2-year institution to a 4-year institution. The T-CURE class was designed to help
students adapt to a new campus while building community and research identities.

RQ1: How does a course based undergraduate research course focused on student transformation
(T-CURE) support transfer students in STEM fields?

The course structures and the artifact activity supported the students in developing a research identity and
building community over the course. Students survey responses indicated all had a strong sense of
community in the course even if one student did not have a strong sense of belonging at the institution
yet. In future course offerings we may focus additional activities on building a sense of belonging with
the new institution, perhaps a scavenger hunt to learn more about the history of the campus and other
students in their majors. Preliminary results reinforce prior STEM literature which emphasizes the
important connections between the development of identity and elements of sense of belonging [23].

RQ2: How do activities focused on research identity support transfer students in STEM fields?

Our preliminary results indicate the artifact activity was a wonderful way to help students develop a
research identity in the class. Sharing the artifacts with other students empowered some students to adopt
specific roles in the class over time. The student insights are consistent with prior findings by Rodriguez
et al about STEM identity [26].

Based on our work in progress results with a small initial offering we plan to continue offering this course
in the future as a bridge for students joining a 4-year institution. We also plan to continue conversations
with our students about identity and artifacts as they move through the programs to reinforce the identities
they have started to develop.
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