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Promoting Undergraduate Self-Efficacy Through an Interdisciplinary Science
Communication Fellowship

Abstract

The objective of this work is to understand how a multidisciplinary undergraduate
science communication fellowship impacts early-stage students' confidence and self-efficacy in
research. Student self-confidence has shown to have a positive relationship with student success
and professional development, but increased academic rigor at the collegiate level can negatively
shift students’ subjective judgement of their own ability. The research question was: To what
extent does participation in undergraduate research affect students’ self-efficacy and confidence
to succeed in undergraduate level academia/research? The Grand Challenges Undergraduate
Water Science Communication Fellowship was created at an R1 Hispanic-Serving University in
the American Southwest in 2022 and is offered annually in the Spring semester. Students were
paired with a mentor who is conducting a water-resource related study at the University of New
Mexico and were tasked with creating a communication project based on the mentor’s work.
Example communication projects include infographics, songs, paintings, posters, time-lapse
graphs, 3-D models, ceramics, and animations. Projects were accompanied by an oral
presentation, given at the University of New Mexico’s Undergraduate Research Conference.
Participating students and mentors came from diverse disciplinary backgrounds, including
mechanical engineering, environmental science, political science, international studies,
economics, environmental engineering, and computer science. To determine the impact of the
Fellowship on student’s self-efficacy, we conducted pre- and post- participation surveys. Likert-
scaled questions were organized into three content groups: confidence, identity, and ownership
as a researcher, and mean responses of the cohort were compared. Results showed significant
increases in cumulative confidence responses with more than one standard error increase for the
group after the Fellowship ended. These results suggest that multidisciplinary undergraduate
science communication fellowships with a cohort model may increase students’ confidence and
self-efficacy in research. Other qualitative successes included students continuing their
extracurricular involvement in career-focused work after the program ended. The next step for
this research study is to conduct interviews with the students from prior cohorts to gain
additional insight into the potential broader impact of the program on student’s confidence
within academia and in preparation for their future profession. We will continue to collect survey
data on future cohorts to grow our data set and get a more comprehensive look at the impacts on
student self-efficacy. Those outcomes will be used to scale and tailor the program to address
additional research topics across disciplines at the University of New Mexico.



1. Introduction

1.1. Undergraduate Involvement in Interdisciplinary Research

Undergraduate participation in interdisciplinary research opportunities enriches educational
experiences through the development of critical thinking skills, personal development, exposure
to practical application of academic knowledge, and overall increased academic performance
[1][2]. Tangible benefits of early-stage research involvement of college students can be observed
through increased test scores, enhanced retention of class material, and the development of
professional relationships in the student’s field of interest. By taking knowledge gained in a
formal academic setting and applying it to professional careers, students are better prepared to
succeed post-graduation [3].

Although the practical skills and multifaceted development cultivated by participation in
undergraduate research has been observed across disciplines, the impact on student’s self-
efficacy and confidence remains uncertain [4]. Student self-confidence affects student
engagement in their learning, pursuit of professional-based goals, and success in college [5].
Increased academic rigor at the collegiate level can negatively shift students’ subjective
judgement of their own ability, especially when surrounded by intellectually capable peers [6].
Compounded with the social transition to the traditional collegiate learning atmosphere which
negatively impacts the overall mental health of incoming students, undergraduate students are at
risk of decreasing levels of self-esteem. These changes in self-efficacy and confidence
experienced in the early undergraduate experience can have a lasting effect on student’s
academic careers, impacting them well into their professional development [7]. Increases in
student self-efficacy and confidence have shown to have a positive relationship with the
attainment of individualistic goals within a relative timescale [8].

In the present study, we observe how participation in an interdisciplinary research fellowship
impacts student’s self-efficacy and confidence to succeed in academia at a R1 Hispanic serving
University in the American Southwest. The research was guided by the following question: To
what extent does participation in undergraduate level research affect student’s self-efficacy and
confidence to succeed in undergraduate level academia/research? Students’ confidence and self-
efficacy was measured using a Likert-scale survey. Responses were compared before and after
participating in the program to determine whether students’ confidence improved. We used SPSS
for statistical analysis of data which focused primarily on changes to mean response values.
Following the conclusion of the Fellowship, interviews of the students were conducted via email
to gain further qualitative data on the impacts of the research experience.

1.2. The Grand Challenges Water Science Communication Fellowship

The Grand Challenges Water Science Communication Fellowship was developed to increase
undergraduate involvement in research pertinent to one of the leading geographical issues faced
in New Mexico, sustainable water resources. Water shortages, inequitable distribution of the
water supply, and increasing water demand with a growing economy are all complex issues
faced by the state. This issue has been designated a “Grand Challenge” by the University of New
Mexico, meaning it is relevant on a regional, national, and global scale and requires



interdisciplinary communication to implement solutions [9]. The Fellowship was designed to
platform research being conducted at the University to address this Grand Challenge while
simultaneously broadening opportunities for participation in undergraduate level research.

Students were given the option to pursue one of two “tracks” when applying for the Fellowship.
The “Track 1” Fellows were paired with faculty mentors conducting water resource-related
research at the University and were tasked with creating a communication project based on their
work. The “Track 2” Fellows indicated that they had conducted water resource related research
themselves and were to complete a communication project with this work as the basis. Track 2
students were still paired with a faculty mentor to assist them during the semester. Students were
not limited to traditional modes of research communication and were encouraged to choose
project mediums that communicated the research in a way that exemplified their individual
strengths. Projects from the 2023 cohort included posters, infographics, songs, animations,
mosaics, paintings, 3-D models, and GIFs [10]. Student recruitment took place in the Fall
semester, mentor-student pairings were made over Winter break, and student participation in the
Fellowship began in the Spring semester. Over the Spring semester, students met weekly with a
cohort of their peers to discuss their progress and obstacles. They also participated in
communication skills building exercises for public speaking [1].

2. Methods

2.1. Recruitment and Student Application Process

The Fellowship program was initially designed with the intention of creating an opportunity for
undergraduate students to get involved in research. The first Fellowship cohort in Spring 2022
was deemed successful in terms of qualitative feedback from both students and undergraduate
research support groups at the University. Therefore, we offered the Fellowship again in Spring
2023 and coupled it with a research study to measure the impact of the Fellowship on students.
The present study is an analysis of the first year of survey results collected from the second
overall cohort of students to participate in the Fellowship. Following the conclusion of the first-
year cohort (Spring 2022), the recruitment strategies for students were modified from the
previous year to include more departments within the University, making the Fellowship
opportunity accessible to as many undergraduate students as possible [1]. The first year of the
program (2022) there were 10 students in the cohort. In the second year of the program (2023),
there were 12 acceptances students in the cohort.

Mentor recruitment was conducted primarily through email listservs, specifically targeting
departments likely to be conducting water-resource-related research. Outreach to mentors
emphasized that inclusion of an individual’s research in the program was a great way to bring
awareness to their work while assisting in the research development of an undergraduate who is
interested in their work. The University faculty who were part of the Grand Challenges
Leadership team and mentored students from the first-year cohort were contacted directly with
the mentorship opportunity. Many of the mentors from the first-year cohort continued their
participation in the Fellowship in the second year. Other University faculty and graduate students
who were known to be conducting water resource related research by members of the Grand
Challenges team were contacted personally to notify them of the opportunity for mentorship.



Strategies for student recruitment into the Fellowship included printed advertisements, in-person
presentations, and targeted outreach through department email listservs. The printed
advertisement included information on who was eligible to apply with links to the online
application, presented as both a QR code and a web link. The advertisement also featured the
$1000 stipend for each student accepted into the program (Appendix II). The University
departments which were specifically addressed in the recruitment efforts included: Economics,
Civil, Construction, Environmental, and Chemical Engineering, Psychology, International
Studies, Biology, Chemistry, Computer Science, Communication, Political Science,
Environmental Science, and Physics. Professors from these departments, including those who
offered to be mentors for the upcoming cohort, were urged to advertise the Fellowship to their
students. For faculty interested in having the Fellowship presented to their students, the Grand
Challenges team offered a short presentation and handed out flyers to their classes.

Both student and mentor applications were collected in Google Forms. The mentor application
included a section for the applicant’s department, field of study, a description of their research,
and an optional link to their faculty website if applicable. The mentor’s responses were recorded
and organized into a spreadsheet so students who applied would have a reference for the type of
research that would be featured in the Fellowship. The student application asked for limited
demographic information, which “track” they were pursuing, a brief project proposal, and a list
of their top three preferred mentors. The application included links to previous student projects
and a list of mentors and a description of their research for reference.

2.2. Fellowship Participant Population

After the one-month recruitment period ended in December 2022, there were 19 applicants. The
Fellowship organizing team selected 15 students and paired each with a mentor. Pairings were
made mainly based on goodness of fit, with special consideration of the student’s interests
expressed in their written project proposals. Some students were paired with a mentor that was
not listed on their preferential list, a possibility which was expressed to them in the application.
Of the 15 students who received an acceptance email, 3 declined the offer to participate, citing
scheduling conflicts. All data for this study was collected from the resulting sample of 12
students. Table 1 shows the intended majors of the 12 participating students. There are more
majors listed than participating students due to the fact that at the time of the post survey, 4
students indicated that they were pursuing a dual degree. Table 2 shows the academic
classification of the 12 participating students. While the Fellowship was targeted at early-stage
undergraduate students, the cohort had students from each academic year.



Table 1: Intended majors of the 12 participating students.

Number of Students Intended Major

Pursuing Major
4 Civil Engineering

Environmental Science

Sociology

Sustainability Studies

Economics

Construction Management

Statistics

Computer Science

International Studies

German
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Table 2: Academic Classification of the 12 participating students

Number of Students | Academic Classification
Fifth-year

Senior

Junior

Sophomore

Freshman
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In the second week of the Spring semester, students were broken into 2 groups to accommodate
schedules. These groups attended inaugural cohort meetings which were moderated by the
Fellowship organization team’s student lead. In these meetings, the students were asked what
components of the Fellowship, if any, they held any reservations toward. Both groups mentioned
the public speaking component as a primary concern, with multiple students citing that they had
little to no experience speaking publicly. A secondary concern brought up by one of the groups
was how best to approach contacting their mentors, specifically how to set up meetings with their
mentors. The Grand Challenges team addressed these student concerns by setting up public
speaking workshops, practice presentation events, and offering to review email correspondence
with mentors.

2.3. Data Collection and Statistical Analysis

A survey was developed and administered through Qualtrics, and analysis was conducted
through SPSS. The survey was comprised of approximately 50 Likert-scaled questions which
were presented to the respondent with 7 response options (Appendix I). The survey was
approved by the University of New Mexico’s Institutional Review Board.

Students filled out a pre survey at the first cohort meeting in January 2023 and a post survey after
presenting their projects at the University’s undergraduate research conference in April 2023.



The post survey questions mirrored exactly that of the pre survey questions, with one additional
opened-ended section where students could leave comments on how the Fellowship could be
improved in the future. Responses were anonymous and linked to their post survey results
through identification numbers.

The survey was broken into 3 blocks, where each block included questions designed to gather
insight on specific characteristics of the participants. The characteristics of interest were
confidence, ownership of the research project, and identity as a researcher [11]. These blocks
were chosen with the intention of illustrating each student’s self-efficacy in multiple dimensions
so that a more nuanced discussion of the impact of the Fellowship on student self-efficacy could
take place. The following are examples of questions addressing confidence, ownership, and
identity. The full survey is included in Appendix I.

“How confident or unconfident are you that you can effectively communicate research to
the general public?”

“How important or unimportant was the research communication project that you
described?”

“How important or unimportant were the outcomes of the research communication
project that you described?”

“How much or little do you perceive yourself as being a future researcher?”

Changes in the students’ self-efficacy were measured by way of mean comparison of pre and
post data for individuals and the group. To do this, the Likert-scale responses were coded in
SPSS so that the scale of responses was presented numerically (e.g. ‘very unconfident’=1,
‘neither confident or unconfident’=4, ‘very confident’=7). Changes in individual responses for
each question were recorded so that analysis of individual experiences with the Fellowship could
be observed. Aggregate variables of block questions were created to observe changes in overall
confidence, identity, and ownership. Of the 12 student participants who completed the
Fellowship, 11 post responses were recorded. The reason for non-response of the 12" student is
unknown. Due to insufficient sample size, a paired t-test was not conducted. Instead mean
values and accompanying standard errors were calculated for all variables so changes could be
observed.

Following the conclusion of the Fellowship, the students were asked to fill out a Q and A via
email to give the survey results qualitative context, the full list of questions is available to view
in Appendix I'V. The written response questionnaire was accompanied by a consent form
instructing students that their name would not be disclosed with their responses. The Q and A

was approved by the University of New Mexico’s IRB and assigned protocol number
2301035624A002.

3. Results and Discussion




Figure 1 shows that all three blocks of variables, (1) confidence to execute different skills
related to successful research, (2) ownership of projects they are participating in, and (3) identity
as a researcher, saw an increase in mean value from pre to post evaluation. The “confidence”
block experienced the most significant increase, with a greater-than one standard error increase
in the post results. The ownership block also suggested a positive relationship between student’s
ownership of their contributions to research and participation in the Fellowship. The results from
the identity block suggested that participation in the Fellowship would positively affect the
student’s relationship with their identity as a researcher, but the increase in mean value from the
pre to post evaluation fell just short of one standard error. Specific results for each variable block
are discussed herein.

Group Mean Change by Category

5 ] 5.75 558 .78

5.25

Confidence Ownership Identity

Category

Figure 1: Changes in mean values from pre to post data for aggregate block variables with
standard error bars. For both for ‘Confidence’ and ‘Identity’ n=11. For ‘Ownership’ n=4 for the
pre survey and n=9 for the post survey. The individual survey questions corresponding to these

blocks are found in Appendix .

3.1. Changes in Student’s Confidence

Of the three characteristics used to gauge changes in self-efficacy of students who participated in
the Fellowship, confidence saw the greatest increase in the post survey mean results. (Figure 1)
The pre survey average response value for the confidence block was 4.93, the post average was
5.75, with a greater-than one standard error increase in the post results.

The questions that saw a greater than a one Likert response point increase in their mean value
include:
“How confident or unconfident are you that you can...”



e Communicate research to the general public? (+1.28)
e Explain analysis results? (+1.27)
e Communicate with professionals in their field? (+1.18).

The questions which expressed the smallest increase from the confidence block include:
“How confident or unconfident are you that you can...”
e Communicate with your peers? (+0.46)
e Use academic literature to guide your research? (+0.36)

The quantitative results suggest that Fellowship activities such as public speaking, professional
communication, and communication of research to the general public, had a positive impact on
confidence. Figure 2 shows results from the pre and post survey for responses to questions on
confidence. Results are shown on a Likert scale of 1-7, where low values correspond to ‘very
unconfident’” and high values correspond to ‘very confident.” We see a consistent change in
response between pre and post survey that trend towards students becoming more confident in
their research and communication skills. This can be observed in questions such as “How
confident or unconfident are you that you can explain analysis results?”” where all post survey
results ranged from 5 (somewhat confident) to 7 (very confident). This suggests that consistently
having to communicate individual progress with projects in cohort meetings likely contributed to
the positive shift in results. Overall, the research skills addressed in the survey were foundational
to the successful completion of the Fellowship program.

Qualitative results were obtained by means of a written questionnaire (Appendix IV). The
following student quotes offer insight into the perspective of the Fellows on how the program
personally affected them. The student quotes confirmed the Fellowship to be productive in
increasing student self-confidence in pursuing and communicating research.

“Participation in the fellowship connected me with a professor with whom I completed more
work for after the fellowship concluded. Because of this, I am more confident entering into
research spaces and feel good about my ability to connect with faculty. My mentor was also
extremely supportive, so this increased my confidence in my ability to produce good work and
ask insightful questions.”

-Third year Fellow majoring in Economics and German

“The hardest part was getting started at the beginning, choosing an idea and running with it,
and then doing the public speaking at the end. But once my presentation was over I was so proud
of myself that I did it! That was a learning experience in itself, and now I'm confident in my
ability to capture an audience's attention and give a meaningful presentation.
When I first came to college, I wasn't sure what I wanted to do, to learn, or what I hoped to get
out of the academic experience. But after I declared my major, got further into my studies, and
got more involved in the department through Grand Challenges and other fellowships, I found a
greater confidence in my ability to succeed. Opportunities like this are essential to feeling
engaged and welcomed within the academic community.”

-Third-year student majoring in Environmental Science



1 feel my self-efficacy as a university student and researcher has increased in the sense that I am
less afraid to try things out of my comfort zone. I know that whatever I put my mind to, I can
accomplish it with effort and a positive outlook. I also feel more confident increasing the
difficulty of the work that I want to do.”

-Fourth-year student majoring in Sociology and Environmental Science

Change in Confidence
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Figure 2: Detail graph of "confidence" responses. Questions are listed in the order which they
were presented on the survey. “Comm.” is an abbreviation for “Communicate”. The individual
questions which correspond to the ‘Confidence’ block can be found in Appendix I.



3.2. Changes in Student Ownership Over Research Project

Figure 3 shows change in “ownership” results between the pre and post survey. This block of
questions addressed the students’ comfortability in leadership positions, making decisions, and
taking responsibility for their research, and their attitudes toward making progress, solving
problems, and actively planning/directing the research [11]. The section was prefaced by the
following statement, "Describe a prior experience you have had communicating research to your
peers, your family or your communities. The research you communicated could be yours or that
of another researcher. If you have had no such experiences, please write NONE in the box, and
skip to the next page”. Results are shown on a Likert scale of 1-7, where low values correspond
to ‘very low importance/responsibility/activity’, and high values correspond to ‘very high
importance/responsibility/activity.’

The “ownership” block of questions was constrained by inconsistent reporting from students in
the pre and post surveys due to confusion caused by the wording in the survey. It was
communicated to the Fellowship organizing team that the use of the term “prior experience” in
the post survey caused some of the respondents to fail to identify the completion of the
Fellowship as a research experience they could use to assist in answering the questions. The
issue of non-response in this block distorts comparison between pre and post results and narrows
the sample size of students who responded to the questions in both surveys to 3-7, depending on
the question. The survey will be modified in the future for clarification.

Although the variance in response rates from the pre to the post results in this section makes
mean comparison less significant, a more general positive shift in the post results can be
observed. The question, “How active was your role in planning/ directing?” yielded exclusively
Likert scale 1 (very unimportant), 2 (slightly important), and 4 (neither important nor
unimportant) responses in the pre results, a stark contract to the majority Likert scale 6-7
(somewhat important, very important) responses in the post results. This suggest that the students
who did have previous research experience were not placed in an administrative or leadership
role and the Fellowship provided most students with their first experience having autonomy over
the direction of a research project. In contrast, we observe a substantial decrease in the question,
“How responsible did you feel for coming up with your own ways to make progress?” where
several post survey responses indicated ‘not responsible’ and ‘somewhat not responsible.” One
possible explanation for this outcome is the structure of weekly cohort meetings, where students
were encouraged to express any roadblocks they were experiencing with projects so the group
could offer suggestions on how to overcome these issues. In some ways, this took the individual
responsibility off of the student when they felt they had stopped making progress with the
understanding they could wait until the next cohort meeting to work through any issues they
faced. Another factor which could have impacted these results is the influence of mentors on
individual projects. Mentors were given the freedom to schedule as many meetings with their
student as they felt necessary. This resulted in some students meeting with their mentor once a
month over the course of the Spring semester while others met weekly. The students who had
mentors who were more hands-on with their projects likely got more instruction on how to
overcome roadblocks with their projects.
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Figure 3: Detail graph of changes in "ownership" responses. Questions are listed in the order
which they were presented on the survey. The individual questions which correspond to the
‘Ownership’ block can be found in Appendix I.

3.3. Changes in Student Identity

This section aimed to assess how participation in the Fellowship impacted the student’s self-
perception as a researcher and their intentions to persist in research opportunities. The questions
addressed the student’s identity in the research space and focus on the student’s perception of



themselves as a current researcher, future researcher, belonging to a community of researchers,
and their perception of the importance of their contribution to the project. Questions also
addressed the student’s intention to persist in their intended degree plan, in future research
opportunities, and in courses that include a research component.

All questions from the “identity” block saw an increase in mean response value in the post
survey. The average response in the pre results was 4.69 points and 5.25 points in the post.

The questions which experienced greater than a one Likert response point increase in their mean
value include:
How much or little do you perceive yourself as...
e A researcher right now? (+1.55)
e Being a future researcher? (+1.09)

The questions which expressed the smallest increase from the identity block include:
How strong or weak is your intention to persist in...
¢ Your intended degree? (+0.18)
e Courses that include research? (+0.27)
e A research experience? (+0.27)

It was observed that the perceptions of research from a definitional standpoint were expanded
after getting to experience different forms of research first-hand and understanding that the
communication of research can take on many forms. This shift, among other changes in student
identity in research spaces, is observed in quotes from the students:

“I was scared to apply at first because I thought things like this were for over-achievers to do. I
wanted to get through my undergrad with my head down, not standing out. But then I did it and 1
was proud of myself for trying something that actually scared me because I was initially
Jjudgmental of it. Now that I've learned that lesson, all these new doors are open to me. Since
then I've actually applied to another fellowship within my department and gotten it, mostly
because of that initial confidence boost I got from the Grand Challenges Water Science
Fellowship.”

-Third-year student majoring in Environmental Science

“I do think participating in the Fellowship affected my confidence to succeed because it
equipped me with skills that I could utilize throughout my career and made me realize that I am
far from alone in the academic world. I often worried that everyone around me was doing
hundreds of hours of research and work so I would never match up, but this Fellowship showed
me that interest is all that is really needed to get into research. Some of my group members had
more experience while others had less but there was a lot of support and an understanding that
research is about expanding collective knowledge not about competing. This kind of environment
grew my confidence over the semester that I worked with the other fellows.”

-Fourth-year student majoring in Sociology and Environmental Science



Figure 4 shows results from the pre and post survey for responses to questions on identity as a
researcher. Results are shown on a Likert scale of 1-7, where low values correspond to ‘very
weak/unimportant/little’ and high values correspond to ‘very strong/important/much.” Most of
the participating students had no previous experience with research before the Fellowship, which
offers an explanation for the increase in response for students’ general perception of themselves
as a researcher. Of the three blocks of interest, the lowest numerical responses (Likert response
option 1-4) from students in the pre survey consistently came from questions in the “identity”
section related to their identity as a researcher. Generally, in the post results the mean value of
responses increased, but only about half of the respondents reflected a somewhat strong or better
(Likert response options 5-7) relationship to the different components of research. The question
which experienced a significant positive shift in the post results relating to identity as a
researcher was: “How much do you perceive yourself being a future researcher?”. One of the
goals of the Fellowship as an interdisciplinary program was to broaden the participants definition
of research, and the results of the post results for this question and the student quotes from above
support the conclusion that the Fellowship accomplished this goal. Another question which
yielded interesting results was: “How strong is your intention to persist in a research
experience?” which had identical responses in the pre and post results. Most of the students in
this cohort were 3™, 4", or 5" year students (Table 2), and the question with the greatest number
of Likert scale 6-7 (i.e., high) responses in both the pre and post survey was: “How certain are
you that you will earn a degree in your current major?”. The academic classification and
motivation to complete the intended degree of most of the cohort suggests that the participating
students likely have a plan for the kind of extracurricular experience they want to gain during
their collegiate experience. It is possible that that if the cohort were composed of students who
were not as far into their degree and were unsure of what career they wanted to pursue, the
Fellowship could have had a greater impact on their decision to pursue research experiences in
the future.
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Figure 4: Detail graph of change in "identity" responses. Questions are listed in the order which
they were presented on the survey. The individual questions which correspond to the ‘Identity’
block can be found in Appendix I.

4. Limitations

Although the survey results from this initial cohort provided useful insight into the effectiveness
of the Fellowship, the study faced several key limitations. The sample size limited the scope of
statistical analysis that could be performed on the data set, subsequently limiting the
comprehensiveness of the conclusions drawn from the results. The Fellowship consisted of 12



students, but one student failed to respond to the post survey effectively limiting the sample to 11
complete responses.

The study exhibited several biases due to the nature of how the Fellowship was constructed. The
Fellowship is open to all levels of undergraduate students and the results are not filtered by
academic year. This lack of uniformity in participants makes comparison across student
experiences difficult, as Fellows more senior in academic standing are likely to suffer from
different self-efficacy and confidence related issues than first year students. The Fellowship also
takes place over the course of a full academic semester, and without a control group, it cannot be
said conclusively that the increases in confidence can be attributed solely to the Fellowship.
Continued experience over the semester with college level courses and subsequent established
familiarity could influence the post survey responses. By increasing recruiting efforts in scale
and with the specified intention of reaching a wider scope of undergraduate students we can
diversify the pool of applicants and begin to address the sampling bias.

5. Conclusion and Future Work

The preliminary results of the Fellowship show promising outcomes considering the goals of the
Fellowship and the guiding research question. The survey data results tentatively reflect that
participation in the Grand Challenges Water Science Communication Fellowship positively
impacts the participating student’s self-efficacy and confidence in academia and research. The
Fellowship organizing team plans to continue to offer the Fellowship in upcoming years and will
attempt to address current limitations and expand the nature of the cohort as discussed. Future
iterations of this Fellowship may expand to other disciplines outside of Sustainable Water
Resources and data may be compared between students studying water and other disciplines.
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Appendix I: Survey Instrument

Welcome to the Grand Challenge Water Science Communication Fellowship! We are excited to
be a part of the beginning of your research journey. You are being asked to take a survey at the
start and end of the program so that we can better understand the program’s impact on your
research identity and self-efficacy.

We understand that it is likely you do not have any previous research experience. Please know
that will not impact your success in this program, and we are excited to have you!

For this purpose, research means investigating a question or problem where no one (including
your instructor or other researchers) is certain what the answer will be or should be. Participation
with research can be individual (where you independently investigate the question or problem),
or social (where you collaborate with others, possibly including instructors and peers within your
school or major)

To connect your survey responses before and after you participate in the program, we ask that
you create a self-identification code. Please provide the last 5 digits of your University ID.

Section 1: Your Past Experiences Conducting Research

We would like to hear about any of your past experiences conducting research. Do not worry if
you do not have previous experience.

1. Describe a prior experience you have had CONDUCTING research prior to this semester,
either in college or high school. What was the goal of the research? What did you do? What
course was this in? If you have had no such experiences, please write NONE in the box, and skip
to the next page.

2. How important or unimportant was the research that you described...

Neither
. Very Unimportant S(?mewhat unimportant nor Somewhat Important | . Very
unimportant unimportant . important 1mportant
important
...to other
researchers © © © © C © C
...to solving
problems that e) @) @) O O O @)
matter to you?
3. How responsible or not responsible did you feel...
Not Somewhat Nelth§r
. Not responsible |  Somewhat . Very
responsible bl not . Responsible .
at all responsible responsible nor nqt responsible responsible
responsible
...for the
outcomes of the
research that you © © © © © O O
described?




...for coming up
with your own
ways to make
progress on the
research that you
described?

Section 2: Your Research Communication Experience

We are interested in hearing about your previous research communication experience. Do not
worry if you do not have previous experience.

4. Describe a prior experience you have had COMMUNICATING research to your peers, your
family or your communities. The research you communicated could be yours or that of
another researcher. If you have had no such experiences, please write NONE in the box, and

skip to the next page.

5. In the experience you described, how active or passive was your role in planning/directing
the communications and selecting the medium (i.e., essay, podcast, video, poster), where
very passive means carrying out instructions given to you by someone else? Leave blank if
you have not had such an experience.

. . Somewhat |Neither passive| Somewhat . .
Very passive Passive . . . Active Very active
passive nor active active
(©) ©) ©) ©) ©) ©) ©)

6. How important or unimportant was the research communication project that you described...

Neither
Very . Somewhat |unimportant | Somewhat Very
unimportant Unimportant unimportant nor important Important important
important
to other
researchers © © © © © © ©
to solving
problems that O O O O O O O
matter to you?
7. How responsible or not responsible did you feel...
Not Somewhat Nelth§r
. Not responsible | Somewhat . Very
responsible . not . Responsible .
at all responsible responsible nor not responsible responsible
responsible
for the outcomes
of the research
communication O @) @) @) @) @) @)
project that you
described?




for coming up
with your own
ways to make
progress on the

research © © © © © © ©
communication
project that you
described?
Section 3: Your Identity as a Researcher
We are interested in learning more about your identity as a researcher.
8. How important or unimportant is...
Neither
Very . Somewhat |unimportant | Somewhat Very
unimportant Unimportant unimportant nor important Important important
important
being a researcher
to your self O O O O O O O
image?
9. How strong or weak is your...
Neither
Very weak Weak Somewhat weak nor Somewhat Strong Very strong
weak strong
strong
sense of
belonging to a
community of © © © © © © ©
researchers?
10. How much or little do you perceive yourself as...
Very little Little Somewhat Neither little| Somewhat Much Very much
little nor some much
a researcher right
now? @) @) (@) (@) (@) (@) (@)
being integral to
the research O O O O O O O
process?
being a future
researcher? © © © © © © ©
11. How confident or unconfident are you that you can...
Neither
Very Somewhat | unconfident| Somewhat Very
unconfident Unconfident unconfident nor confident Confident confident
confident




effectively
communicate
research to the
general public?

use technical skills
(use of tools,
instruments, and/or
techniques of your
field of study) to do
research?

generate a research
question to answer?

figure out which
data/ observations
to collect and how
to collect them?

explain the analysis
results?

use academic
literature to guide
your research?

speak publicly to a
broad audience?

communicate with
professors/ faculty
researchers?

Communicate with
professionals in
their field e.g.,
water managers,
scientists, lawyers,
etc.?

communicate with
your research peers
and fellow
students?

Section 4: Your Perception of Water Research

We would like to hear about your perception of water research.

12. How much or little do you see these fields have a role in water resources research?

Very little

Little

Somewhat
little

Neither little
nor some

Somewhat
much

Much

Very much

Biology

(@)

(@)

(@)

(@)

(@)

(@)

(@)

Chemistry

Communications

Community,
Regional and
Urban Planning




Economics

Education

Engineering

Environmental
sciences

Geography

Law and policy

Mathematics

Physics

Political science

Public health

Section 5: Your Future Plans

We would like to hear about your future plans.

13. What is your current or intended major?

14. Do you have a minor, specialization, or concentration? If so, please enter it below.

15. At this moment in time, how certain or uncertain are you that...

Neither
. hat . . .
Very. Uncertain Somew a uncertain Somewhat Certain | Very certain
uncertain uncertain . certain
nor certain
you will earn a
degree in your
current or © © © © © © ©
intended major?
16. How strong or weak is your intention to persist in...
Neither
hat
Very weak Weak Somewha weak nor Somewhat Strong Very strong
weak strong
strong
your pursuit of
your current or O O O O O O O

intended degree?

courses that
include research
experiences?

aresearch
experience, such
as a summer
program or
working in a




faculty or national
lab?

17. Do you think participating in a research experience is beneficial to you? Why or why
not?

Section 6: Your Approach to Research
We would like to hear about your approach to research.

18. Imagine that you collected data based on your research question and conducted analysis.
However, your results don't make sense. A professor whose research is related looks over
your work and provides very critical feedback, including reference to your "lack of
understanding" and "poorly described procedure," but also provides suggestions. You
want to have an excellent research experience because you have clear career goals and
you don't want to disappoint your family. Based on the scenario above, how likely or
unlikely would you be to...

Neither
Very | Unlikely | SOMEWhat |ty nor | SOMeWhat | iy | Very likely
unlikely unlikely ) likely
unlikely
work harder? @) O O (@) @) O @)
keep trying? O O O O O O O
use the feedback
to improve your O O @) (@) @) @) O
work?
just give up? O O O O O O O
think more about
your strengths and
weaknesses to @) O O (@) (@) O @)
help you work
better?
give yourself
encouragement? O O © © © © ©
seek
encouragement
from your family © © © © © © ©
and friends?
try different ways
to solve the @) @) O (@) O O @)
problem?
feel everything
was ruined and @] @) @) @) @) (@) @)
was going wrong?
begin to think
your chances of
success doing O @) @) O O O O
research were
poor?
get depressed? O O @) @) @) @) @)




be disappointed? @) O O @) @) @) @)

19. Imagine that you presented a poster or talk on your research at a public undergraduate
conference. The audience asked you insightful questions after your presentation and gave
you feedback on future research you could explore. At the end of the conference, the
Director of undergraduate research came up to you and personally congratulated you on
your achievement. They asked if you were interested in continuing research and applying
for a future graduate fellowship. Based on the scenario above, how likely or unlikely
would you be to...

Neither
Very | Unlikely | SO™EWhat |ty nor | SOMeWhat | iy | Very likely
unlikely unlikely . likely
unlikely
work harder? O @) O O O O O
keep trying? @) O O O O O @)
use the feedback
to improve your O O @) (@) (@) @) O
work?
just give up? @) @) @) O O O O
think more about
your strengths and
weaknesses to @) O @) (@) @) O @)
help you work
better?
give yourself
encouragement? O © © © © © ©
seek
encouragement
from your family © © © © © © ©
and friends?
try different ways
to solve the @) @) O (@) O @) @)
problem?
feel everything
was ruined and ®) @) @) @) O @) O
was going wrong?
begin to think
your chances of
success doing O @) @) @) O O O
research were
poor?
get depressed? O O @) @) @) (@) (@)
be disappointed? O O @) @) @) (@) (@)

20. Is there anything else you would likely to share before submitting your survey?




Appendix II: Student Advertisement

Grand Challengeé

SUSTAINABLE WATER RESOURCES

~ « $1000 STIPEND TO COMPLETE A
COMMUNICATION PROJECT BASED ON
EITHER:

o A FACULTY MENTOR'S WATER RESEARCH

o YOUR OWN WATER-RESOURCE RELATED

RESEARCH

NO RESEARCH EXPERIENCE NECESSARY!
ANY RESEARCH DISCIPLINE CAN APPLY -
PARTICIPATION FROM BOTH STEM FIELDS &
HUMANITIES IS DESIRED
PRESENT AT [REDACTED] UNDERGRADUATE
RESEARCH OPPORTUNITY CONFERENCE
(UROC)

Scan to learn : :':.. ,M Applications due
more and apply! i is December 1st

Advertisement used for student recruitment in the Fall semester (2022). The advertisement was
printed out to be distributed as flyers around campus and attached as a PDF with clickable links
in emails.



Appendix I11: Examples of Student Projects

é

What are the most effective methods
of CONSUMER WATER CONSERVATION
in arid regions?

Case Study: Albuquerque, New Mexico (the largest city in the most water-stressed state in the US)

oo o T a e

LOW-FLOW TOILETS

FIRST INSTALLATION REDUCES

USAGE BY 37.98 GALLONS PER DAY

WITH A LEVELISED COST OF $0.97
PER 1000 GALLONS SAVED

Cost Tip:

The most cost-effective intervention is the installation of a

low-flow showerhead. This is followed by the dishwasher,
first low-flow toilet, and washing machine. 2nd toilets, 3rd
toilets, and xeriscape have the highest levelised costs.

LOW-FLOW WASHING
MACHINE

REDUCES USAGE BY 30.43 GALLON
PER DAY WITH A LEVELISED COST OF
$0.97 PER 1000 GALLONS SAVED

Consumer Tip:

Low-flow dishwashers, like shower heads, may have a
lifespan of up to 10 years, and toiles up to 25 years.

&‘“ XERISCAPE

= g REDUCES USAGE BY 3.08
GALLONS PER DAY WITH A
LEVELISED COST OF $4.51 PER
1000 CALLONS SAVED

Conservation Fact:

While one low-flow toilet is associated with the
greatest reduction in demand, adding a second and
third also has a significant impact on usage.

LOW-FLOW SHOWERHEAD

REDUCES USAGE BY 37.98

GALLONS PER DAY WITH A

LEVELISED COST OF $0.39 PER 1000
GALLONS SAVED

Conservation Fact:

Since 1995, toilets were the most popular rebates in
Albuquerque (43,046), followed by washing machines
(19,342), shower heads (9,209), dishwashers (4,512) and
xeriscape (3938).

LOW-FLOW DISHWASHER

REDUCES USAGE BY 17.84 GALLONS
PER DAY WITH A LEVELISED COST OF
$0.95 PER 1000 GALLONS SAVED

Economics Term:

Outdoor water use is more responsive to price changes than
indoor use (it's more elastic). This suggests that rebates
encouraging conservation can be influential for outdoor water
use in particular!

Impact of EDUCATION:

Workshops and Consumers:

For a low-usage household (lowest 25% of households
recorded),workshop attendance results in the lowest
decrease in water consumption, between 79 to 164 gallons

saved per day. For a moderate-usage household, attendance

results in a moderate decrease, between 183 to 464 gallons
saved. The high-usage household (top 25%) conserved the
most water, ranging between 846 and 1886 gallons per day.
Acknowledgments:

The Albuquerque Bernalillo County Water Utility Authority

Implications for Water Managers:

When there is a short-term conservation objective with
limited budget, water managers should consider targeting
high- usage households early in the irrigation season. Water
utilities should also consider how during the summer
months in arid regions, even though the education-based
workshops may not be as cost-effective as other
interventions, the marginal benefit of saving water
outweighs the cost.

Wang, J., Chermack, J. (2021). Is less always more? Conservation, efficiency and water education programs. Ecological Economics. 184, 1-13.
https://doi.org/10.1016/j.ecolecon.2021.106994

Price, J., Chermak, J., Felardo, J. (2013). Low-flow appliances and household water demand: An evaluation of demand-side management policy in
Albuquerque, New Mexico. Journal of Environmental Management. 133, 37-44. http://dx.doi.org/10.1016/j.jenvman.2013.11.025

Student work example: Infographic created on the most effective methods for consumer water
conservation in arid regions for the Grand Challenges Water Science Communication
Fellowship. [10]



Student work example: Mosaic éir'ti-;i‘éégcretéd illustrate diatoms collected from a local water
source for the Grand Challenges Water Science Communication Fellowship.[10]

WATER
RIGHTS WILL
MEAN
NOTHING
WITHOUT
WATER

AL AGUA NO
SIGNIFICARAN
NADA SIN
AGUA

Student work example: Campaign ad featured on a website which brings awareness to proposed
policy, and details consumer specific social changes that could reduce water usage in a water-
stressed climate for the Grand Challenges Water Science Communication Fellowship. [10]



Appendix IV: Follow-Up Questionnaire for Students

Grand Challenges Water Science Communication Self-Efficacy and Confidence Questionnaire

General:

1) Please state your Major/Minor and year in school.

2) What are your academic goals? Career goals?

3) If your academic goals have changed since entering university, please explain how. Why did
they change?

4) How would you define success as a student?

Confidence:

1) A) Are you confident in your ability to succeed as a university student? why or why not?

B) How has your confidence to succeed changed during your experience as a university student?
Why or why not?

C) How do you think participation in the Fellowship may have impacted your confidence in your
ability to succeed as a university student? Why or why not?

2) How confident are you in your ability to succeed in your chosen major? In a Master’s or
Doctoral program? In your desired career? Why or why not?

Self-efficacy: (For context) is a person's belief in their ability to complete a task or achieve a
goal.

1) How do you feel your self-efficacy as a university student has changed since participating in
the Fellowship? As a researcher? Explain in what ways.

2) A) What aspects of the Fellowship did you feel you struggled with the most? (i.e. public
speaking, professional communication, time-management, etc..)

B) How has your relationship with your answer to part A changed since participating in the
Fellowship?

Long-Term Impacts:

1) Are you still in contact with your mentor/ participating in the research you learned about
during your project? If yes, please explain how.

2) Are you participating in any research following the conclusion of the Fellowship? If yes,
please explain the work you are involved in.

3) If the Fellowship had any additional impact on you that you would like to share with the
Grand Challenges team not covered in the previous questions, please discuss here.



References

[1] S. Donohue, K. G. Zachek, A. Webster, T. L. Schroeder, and A. Mulchandani, “Engaging
early-stage undergraduate students in research through a Science Communication Fellowship,”
presented at the 2023 ASEE Annual Conference & Exposition, Jun. 2023. Accessed: Jan. 07,
2024. [Online]. Available: https://peer.asee.org/engaging-early-stage-undergraduate-students-in-
research-through-a-science-communication-fellowship

[2] L. A. Henkel, “Increasing Student Involvement in Cognitive Aging Research,”
Educational Gerontology, vol. 32, no. 7, pp. 505-516, Aug. 2006. doi:
10.1080/03601270600723684.
[Online].https://libproxy.unm.edu/login?url=https://search.ebscohost.com/login.aspx ?direct=true
&db=nlebk& AN=1865366&site=eds-live&scope=site

[3] National Academies of Sciences Engineering and Medicine. (2017). Undergraduate
Research Experiences for STEM Students: Successes, Challenges, and Opportunities.
Washington, DC: The National Academies Press.

(4] K. Shaaban and A. Alsarhan, “Impact of Undergraduate Research Activities on
Engineering Students’ Persistence,” 2023 Intermountain Engineering, Technology and
Computing (IETC), Intermountain Engineering, Technology and Computing (IETC), 2023, pp.
148-152, May 2023, doi: 10.1109/IETC57902.2023.10152271.

[5] O. Akbari and J. Sahibzada, “Students’ Self-Confidence and Its Impacts on Their
Learning Process,” American International Journal of Social Science Research, vol. 5, no. 1, pp.
1-15, Jan. 2020, doi: 10.46281/aijssr.v5il.462.

[6] A. Carpi, D. M. Ronan, H. M. Falconer, and N. H. Lents, “Cultivating minority scientists:
Undergraduate research increases self-efficacy and career ambitions for underrepresented
students in STEM,” Journal of Research in Science Teaching, vol. 54, no. 2, pp. 169-194, 2017,
doi: 10.1002/tea.21341.

[7] S. S. Shim, A. M. Ryan, and J. Cassady, “Changes in self-esteem across the first year in
college: the role of achievement goals,” Educational Psychology, vol. 32, no. 2, pp. 149-167,
Mar. 2012, doi: 10.1080/01443410.2011.627837.

[8] H. W. Marsh and J. W. Parker, “Determinants of student self-concept: Is it better to be a
relatively large fish in a small pond even if you don’t learn to swim as well?,” Journal of
Personality and Social Psychology, vol. 47, no. 1, pp. 213-231, 1984, doi: 10.1037/0022-
3514.47.1.213.

[9] “About Grand Challenges :: Grand Challenges | The University of New Mexico.”
Accessed: Jan. 09, 2024. [Online]. Available: https://grandchallenges.unm.edu/about/index.html
[10] “UROC 2023 Presentations :: Undergraduate Research Opportunity Conference (UROC)
| The University of New Mexico.” 2:00PM-2:50PM Special Group Presentations. Accessed:
Feb. 04, 2024. [Online]. Available: https://uresearch.unm.edu/uroc/presentations/uroc-
2023/index.html

[11]  T. Schroeder et al., “Comprehensive Project Report: Cohort Two (2021-22)” ECURE:
Expanding Course-Based Undergraduate Research Experiences Project. pp. 17-26, Mar. 31,
2023.

[12] S. Gregerman, J. Lerner, W. von Hippel, J. Jonides, and B. Nagda, “Undergraduate
Student-Faculty Research Partnerships Affect Studen Retention,” The Review of Higher
Education, vol. 22, pp. 55-72, Sep. 1998, doi: 10.1353/rhe.1998.0016.



https://peer.asee.org/engaging-early-stage-undergraduate-students-in-research-through-a-science-communication-fellowship
https://peer.asee.org/engaging-early-stage-undergraduate-students-in-research-through-a-science-communication-fellowship
https://doi.org/10.1080/03601270600723684
https://libproxy.unm.edu/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=nlebk&AN=1865366&site=eds-live&scope=site
https://libproxy.unm.edu/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=nlebk&AN=1865366&site=eds-live&scope=site
https://doi.org/10.1109/IETC57902.2023.10152271
https://doi.org/10.46281/aijssr.v5i1.462
https://doi.org/10.1002/tea.21341
https://doi.org/10.1080/01443410.2011.627837
https://doi.org/10.1037/0022-3514.47.1.213
https://doi.org/10.1037/0022-3514.47.1.213
https://grandchallenges.unm.edu/about/index.html
https://uresearch.unm.edu/uroc/presentations/uroc-2023/index.html
https://uresearch.unm.edu/uroc/presentations/uroc-2023/index.html
https://doi.org/10.1353/rhe.1998.0016

[13] Nancy H. Hensel, Course-Based Undergraduate Research : Educational Equity and
High-Impact Practice, vol. First edition. Sterling, Virgina: Routledge, 2018. Accessed: Dec. 21,
2023. pp. 20-97, [Online].

[14] L. A. Henkel, “Increasing Student Involvement in Cognitive Aging Research,”
Educational Gerontology, vol. 32, no. 7, pp. 505-516, Aug. 2006, doi:
10.1080/03601270600723684.

[15] K. Shaaban and A. Alsarhan, “Impact of Undergraduate Research Activities on
Engineering Students’ Persistence,” 2023 Intermountain Engineering, Technology and
Computing (IETC), Intermountain Engineering, Technology and Computing (IETC), 2023, pp.
148-152, May 2023, doi: 10.1109/IETC57902.2023.10152271.

[16] J. K. PETRELLA and A. P. JUNG, “Undergraduate Research: Importance, Benefits, and
Challenges,” Int J Exerc Sci, vol. 1, no. 3, pp. 91-95, Jul. 2008.

[17] S.S. Shim, A. M. Ryan, and J. Cassady, “Changes in self-esteem across the first year in
college: the role of achievement goals,” Educational Psychology, vol. 32, no. 2, pp. 149-167,
Mar. 2012, doi: 10.1080/01443410.2011.627837.

[18] L. C. Auchincloss et al., “Assessment of Course-Based Undergraduate Research
Experiences: A Meeting Report,” LSE, vol. 13, no. 1, pp. 2940, Mar. 2014, doi:
10.1187/cbe.14-01-0004.



https://doi.org/10.1080/03601270600723684
https://doi.org/10.1109/IETC57902.2023.10152271
https://doi.org/10.1080/01443410.2011.627837
https://doi.org/10.1187/cbe.14-01-0004

