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Abstract

This is the evaluation for the eleventh year of the MacREU-UCR REU site. As it has in
each of the past years, the program performed very well in exposing students to science and
engineering, building their scientific skills, and encouraging them to pursue a Ph.D. The
evaluation of the program showed that the students gained considerable research skills and
professional development over the summer in every respect we measured. This evaluation
shows that the 2024 program equaled the already very strong results of the previous years.
In particular, the program maintained high levels of exposure to research and mentoring,
which translated into the acquisition of research skills, professional development, and
aspirations of a career in science and engineering on the side of the participants.



1 Introduction

“Materials Connection REU” (MacREU R’Side) was a 10 week REU site, held in the
summer of 2024, in which XX undergraduate students, mostly from Southern California
colleges, had the opportunity to conduct research in science and engineering labs on
the UCR campus. The students largely came from demographic groups that are under-
represented in STEM fields, including XX percent Hispanic, XX percent non-Hispanic
URM students, and XX percent female or not gender identified.

The PI carefully screened students with ZOOM interviews and selected among ap-
plicants those who showed promise in science but were at risk of not pursuing a career
in science. Among the XX students, XX hailed from two year colleges, XX came from
non-research intensive four-year colleges and the remaining from research-intensive uni-
versities. In particular, besides UC Riverside, the students had the following home institu-
tions: XX. XX out of the XX participants originated from institutions without significant
research infrastructure, XX of them from a community college.

All of the students’ research projects were related to the growth, characterization,
simulation and application of thin films or monolayer materials. Students were placed in
a variety of labs within the Materials Science and Engineering program. Participants are
exposed to a wide area of fields from catalytic chemistry to semiconductor processing and
from solar cell manufacture to the improvement of medical devices. To learn more about
the MacREU site at UCR, visit http://macreu.ucr.edu/. At this site, one can view short
video presentations from program alumni that describes their research and experience in
the program.

This evaluation draws on a survey of participating students based on the REU sur-
vey template available on the “Student Assessment of Learning Goals” website http:
//salgsite.org, providing both qualitative and quantitative evaluation data. Unfortu-
nately, the SALG website has crashed so we implemented a similar version of the survey
locally in Qualtrics.

Overall, the 10th cohort of the program (MacREU skipped 2020) well met its academic
goals and broader impacts of exposing these students to research, building their academic
research skills, and gaining their interest in pursuing science and engineering as a career
at the Ph.D. level. In every measure in this evaluation, the 2024 program equaled the
extremely strong results we observed from the previous years of the program. In sum, the
program was a strong success and met its goals of instilling an interest in science and engi-
neering among students from under-represented backgrounds. In particular, the program
maintained high levels of exposure to research and mentoring, and also showed significant
improvements in the program’s on-campus administration and students’ experience.

2 Student Assessment of Learning Goals Survey Re-
sults

In this section, we present the results of a survey we administered to the XX NSF-funded
students; each of these students filled out a survey. The survey comes from a template
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for REU evaluations available at the Student Assessment of Learning Goals website.! We
used this website to administer the survey and to generate the figures showing results.

GAINS as Scientist and Engineer

Understanding the basis and
foundation of my research in my
coursework

Understanding the connections
ameong scientific disciplines

Understanding the theory and

concepts guiding my research —_—
project
Identifying limitations of research
methods and designs
Formulating a research guestion

—
that could be answered with data |
Problem-solving in general —_—

Figuring out the next step in a
research project

Analyzing data for patterns

A little Moderate Good Great

Mo gains
gain gain gain gain

Figure 1: Gains in Thinking and Working Like a Scientist

Overall, the program well met its goals of introducing students to scientific research as
a career and helping them to build capacity for conducting scientific research. This can
be seen for example in Figure 1. In this section of the survey, students were asked to rate
their own gains from the program in learning how to think scientifically and work like a
scientist, and to apply scientific knowledge to research. Overall, students report good to
great gains in skills such as analyzing data for patterns, formulating a research question
and understanding theory and concepts. While there is a little variability in responses,
virtually all students report good or great gains in developing this capacity.

Likewise, in figure 2 students reported considerable personal gains in their own capacity
to do research, in areas such as their own ability to contribute to science, their confidence
to do well in future science courses, and understanding what everyday research is like.
Each confidence interval essentially exceeds a good level of gain response.

Figure 3 also presents firm evidence that students improved their professional skills
such as how to prepare a scientific poster, communicating their research orally to others,
critically evaluating data for validity, and using instruments to conduct measurements or
experiments. Students tend to report moderate to great gains in these skills across the
board. That said, students report only making modest gains for some of the research

!See https://salgsite.net/, accessed February 8, 2023.
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Personal GAINS

Taking greater care in condueting
procedures in the lab or field

Understanding what everyday
research work is like

Developing patience with the slow
pace of research

Ability to work independently

Confidence in my ability to do well
in future science courses

Gomfort in working collaboratively
with others

3

5
-
-

Comfort in discussing scientific

——
concepts with others
Confidence in my ability to
contribute to science
A little Moderate Good Great
No gains i
gain gain gain gain

Figure 2: Personal Gains Related to Research Work

skills, such as programming computers, using software to analyze data, writing scientific
papers, or keeping a detailed lab notebook, which might reflect that working in labs over
the summer does not impart the same amount of writing or analysis skills that one would
get in coursework. It is possible too that some of the labs use some system other than
notebooks to record procedures and outcomes.

Figure 4 continues to support the view that students gained in their self-efficacy for
conducting research, where students typically indicated their gained a fair amount or
a great deal in their own feelings of efficacy in engaging in real-world science research,
feelings of responsibility for their research project, feeling part of the scientific community;,
and interacting with scientists from outside of the school. Many also felt confidence in
their own ability to try out new ideas or procedures on their own, although at a lower
rate than the other attitudes reported which might reflect that undergraduate students’
experience is more about mentorship than research production. Most students report
interacting only a little with national labs.

Overall, figure 5 shows that students rated the quality of their research experience as
excellent, including their working relationships with their research mentor, the amount
of time doing meaningful research and the overall experience, and the amount of time
spent with their graduate student mentors, interactions with their peers, and getting
advice from their mentors about graduate schools. Students report having good access to
their faculty mentor, but the lower rate of access to the faculty mentor compared to the
graduate student mentors is by design of the program and so not unexpected..

The questionnaire also give students an opportunity to add more thoughts on the
quality of their research experience and they wrote as follows. The students overall write
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GAINS in Professional and Lab Skills
Managing my time

Conducting database or internet
searches

Critically avaluate data for thair
validity

Programming computers or
Instrumants ta perform rasaarch ar
analysis lasks

Using instrumsaivts to conduct
measurements or experiments.

Using software and statistics to
analyze data

Conducting observations in the lab
o fighd

Keeping a detailed lab notebook

Preparing & sciantific poster

Explaining my project to people

L m—
outside my fiekd
Datanding an argumaent when askad
guestions
Making oral presentations P—
Writing scientific reports of papers —_—
e gains Alittle Moderate Good Great
gain gain gain gain

Figure 3: Gains in Academic Skills

very positive comments about their experiences in the lab.

e This opportunity gave me the chance to perform real, relevant biochemical research,
which was great for learning techniques and gaining experience I will need in grad
school. It also gave me an idea of what life as a grad student looks like, and I was
able to collaborate with other phenomenal scientists, gaining great guidance and
mentorship.

e My research experience was very excellent. I learned a lot about myself as a scientist
and I proved to myself how capable I am of being a good scientist

e Had a great experience with my graduate student and my Pi.

e My graduate student and faculty mentor made this an extremely memorable expe-
rience.

Figure 6 continues to lend support to our belief that the program enhanced students’
interest in science and engineering as a career, typically indicating that the program
confirmed and clarified their scientific career interests. Across all of the measures, students
report agreeing that participating in the program enhanced their preparation for a career
in science, especially in confirming their interest in their field of study and the field they
wish to pursue, preparing them for advanced coursework and graduate school. They also
feel the experience prepared them for a job and exploring opportunities at national labs.

Figure 7 also confirms that the program enhanced students’ expectations and interests
in pursuing research and science as a career, indicating gains in interest in enrolling in a
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How much did you

Interact with National Labs

Feel a part of a scientific community

Interact with scientists from outside
your research group

‘Work extra hours because you were
excited about the research

Feel responsible for the project e
Try out new ideas or procedures on
your own
Think creatively about the project _—
Feel like a scientist ——
Engage in real-world science
research

A little Moderate Good Great

No gains
gain gain gain gain

Figure 4: Attitude and Behavioral Changes

STEM PhD or masters’ program and working in a science lab or national lab. This figure
overall indicates both the effectiveness of the program in enhancing students’ interest in
science and also that the program did not typically select students already on the science
track, since if students entered program on a science career track they also would have
indicated no gains.

The questionnaire also asked students to type in their intended degree and, “compared
to your intentions BEFORE doing research, HOW LIKELY YOU ARE NOW to enroll
in a graduate program leading to an advanced degree.” Students wrote,

e My intended degree was MD, now I am considering MDPhD

Materials Science and Engineering - extremely likely

Biochemistry & Molecular Biology; much more likely to pursue grad school

I want to go to graduate school for Pharmacy. I always knew I wanted a PHd

[ am a hundred percent sure I am pursuing my master degree.

[ am currently aiming for an Associates in Biology, aiming for a Bachelors in Animal
Biology and I am much more likely to enroll in a graduate school.

Intended degree — Bachelor’s of Science; likeliness now - significantly more likely to
pursue Master’s
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What was your experience

The research experience overall

The amount of time | spent with my
faculty mentor

The amount of time | spent with my
graduate student or postdoctoral
mentor

The amount of time | spent doing

%
meaningful research
My working relationship with other
—_—
research group members
My working relationship with my
—_—
faculty
My working relationship with my D |
graduate student or postdoctoral —_—
mentor
Fair Good Excellent

Figure 5: Quality of Research Experience

e Mechanical Engineering Major, I feel most likely to enroll in a graduate program

e Aerospace Engineering, highly likely or almost certain given my circumstance.

e [ intend to pursue a bachelor’s in Public Health Sciences. Before this program, I was

hesitant to do any kind of research into graduate programs. Now, I know what I am
looking for when it comes to a graduate program and what kinds of options there
are for me. I am looking more into Environmental Health Sciences or Environmental
Epidemiology programs after my time in an environmental engineering lab. I feel
more confident in what I'm looking for when it comes to these programs.

The questionnaire included an open-ended question asking students to reflect on how
their research experience influenced their own thinking about future career and graduate
school plans. The students wrote,

My research experience definitely made me consider graduate school and has sparked
my interest in research.

I was uncertain what the way forward was. I was able to network and make proactive
goals to prepare for grad school applications.

I have wanted to pursue a Ph.D since my second year of college, but getting this
experience showed me the life of a grad student. This made me certain that I want
to enroll in graduate school.

I know now I have options and I'm more confident in my choices
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My Take-Away is

My research work has motivated me

to explore opportunities at National —_—
Labs
My research experience has
———
prepared me for a job
My research experience has
[ e —
prepared me for graduate school
My research experience has
prepared me for advanced
coursework or thesis work
Daing research clarified for me
which field of study | want to pursue
Daing research cenfirmed my
interest in my field of study
Strongly Strongly
Di Ay
disagree e ares Agree

Figure 6: Effects of Research Experience on Personal Advancement

e Watching and working with graduate students in the field. Getting their perspec-
tives on the program and reflecting on it.

e This research had me wondering if I wanted to change my major to what department
I was working in (Bioengineering), and made me wonder if I would double major
and pursue both paths in grad school.

e [ now have a more clear idea of which specific project I would like to work on in the
future

e [t definitely helped me get a better understanding of what it looks like to work in a
graduate program, and has sparked my interest to pursue

e Extended my aspirations in conducting research by hovering me hands of training
and guidance through experiments and various aspects of the process.

e After experiencing just this sliver of research, I feel less intimidated and more curious
about graduate school and the research process overall. My graduate student was
open to all my questions and made graduate school look manageable and realistic,
while still stressing the workload and commitment it takes to be successful. 1 would
say it greatly pushed me towards a future career in research and graduate school.

The questionnaire also asked students to reflect on other ways the program enhanced
their interest in science as a career and led to personal gains, and they wrote,
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Compared to BEFORE my research experien

work in the semiconducter industry?

work in a National Lab?

work in a sclence lab? »—;—1

Not more A little Somewhat Much  Extremely
likely more likely more likely more likely more likely

enroll in a Masters program in
STEM?

enrell in a PhD pregram in STEM?

Figure 7: Effect of Experience on Entering the Pipeline

ing with some Cell Cultures

I met incredible people and will keep in touch

subjects and machine learning

Interpersonal relations and references.

I definitely made gains in communication and confidence in my abilities.
I gained a better awareness of various fields of research that seem interesting.
I gained a lot of new skills and a ability to be confident in research

Yes, I gained from researching in my grad students work doing Hydrogels and work-

I gained more knowledge in the study of chemistry and overall different science

I would say that it motivated me even further to do well in my current classes. I

know that these classes are the foundation for this greater future I can already see

myself living.

Figure 8 indicates that students overall were satisfied with the organization and struc-
ture of the program itself. The program included training and involvement with lab
personnel; we had a dedicated staff person (Rebecca Ryan) and graduate research assis-
tant who were able to provide constant attention to the group training and activities, and
more planned social activities. Overall we see high levels of satisfaction regarding the
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How Satisfied were you with

Seminars
Professionalization
PosterTalk Training

Career Training

Safaty Training

Financial supgort

;

Very Somewhat Somawhat Very
Dissatis. Dissatis. Satisfied Satisfied

Figure 8: Satisfaction with the Program

seminars, professionalization events, poster and talk training, career training, and safety
training. Students also report satisfaction with the level of financial support. Separately,
the students rated the fellowship payments they receives as very to extremely important
for their participation in the program.

Finally, students were given an opportunity to write suggestions on how to make the
program experience better. The students wrote:

e More time

e Better advance notice of events and changes, though that was only an issue a couple
of times.

e If it was longer probably since you can only do so much in a 9 week span
o If we were about to notify our PIs about our program schedule.

e [ wish I had worked more hands on in the lab

e If the program received more funding to house more students on campus

e Overall I felt that the experience was great the transit to get to my lab could have
been better but overall not a big deal

e Fxtended amount of time

3 Conclusion

Overall, the program was very successful in its goals of interesting students in a career in
science and engineering, in equipping them for such a career, and providing with strong
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research experience and skills. Furthermore, the evaluation scores for this year were equal
to or greater across the board compared to the the baseline year of the program (2106) and
equaled the high scores from the program’s previous years. In addition, while the program
maintained high levels of exposure to research and mentoring, it also showed significant
improvements in the program’s on-campus administration and students’ experience.

We look forward to building on this evaluation and even improving MacREU even
more in 2025.
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