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Abstract
 From 2017-2021, Mississippi State University’s De-
partment of Chemistry has hosted a 10-week summer 
Research Experience for Undergraduates (REU) program, 
focused on research related to food, energy, and water 
security topics. The goals of this program were to train 
students by providing an intensive research experience, 
recruit minority and underrepresented students, and pro-
vide advising for future career goals. The program hosted a 
growing cohort of undergraduate students each summer, 
113 in total, recruited from a pool of underrepresented 
students and those with limited research opportunities. 
The pre- and post-program survey results covering three 
summers showed consistent self-reported growth among 
the student cohort in the program’s focused skill sets. This 
manuscript presents three years of the program’s success, 
from initial planning stages and recruitment to final re-
sults including a description of the value of each program 
component.

Introduction
 Undergraduate STEM students can be encouraged to 
remain in STEM fields through research-focused experi-
ences that allow better access to research-involved faculty 
(Craig, 1999; Frederick, 2012; Ries & Gray, 2018), more 
modern or needed facilities (Farnsworth et al., 2005; 
Graham et al., 2013), or a research-focused curriculum 
(Dillner et al., 2011; Karukstis, 2004; Lindsay & McIntosh, 
2000; Wilson et al., 2013; Woodin et al., 2010). A num-
ber of summer programs exist to expand these oppor-
tunities to students at smaller Primarily Undergraduate 
Institutions (PUIs),  community colleges and liberal arts 
universities (Craney & DeHaan, 1991). Students in pro-
grams at smaller institutions may graduate never having 
performed research or experimental work outside of the 
rigidly structured curriculum-coupled laboratory courses. 
Exposure to external research experiences is particularly 
beneficial to these students and can support continued 
student engagement with STEM.
 Our program promotes inclusion of underrepresented 
students in STEM fields to address an increasing national 
concern. Students of color face barriers in education, es-
pecially within STEM education, which lead to much low-

er proficiency in STEM courses in K-12 which negatively 
effects their university readiness and performance (Scott 
& Martin, 2013). Women face more internal and external 
barriers than men, such as sexism amongst the male-
predominant STEM environments, as well as cultural 
barriers such as pressures to have children (Wilkins-Yel et 
al., 2021) and expectations of being more family-oriented 
instead of career/academic oriented. And if those barriers 
are successfully navigated, there are still the economic 
barriers previously mentioned in the fact that research 
opportunities are harder to find for minority students and 
may be turned down because of financial need and a ne-
cessity for the student to work instead (Pierszalowski et 
al., 2021).
 When students are able to access authentic research 
experiences, it is believed to promote a higher interest in 
furthering their education (Russell et al., 2007) as well as 
teaching students a multitude of skills that they may not 
have had the chance to acquire through traditional labora-
tory courses (Mohan et al., 2019). Allowing students to 
integrate their own ideas into their practical chemistry 
work gives them a feeling of responsibility and control 
over their learning (Linn, 1995), makes them more likely 
to enjoy and succeed in science (Ghanem et al., 2018), 
and allows them to “be involved in the exploration of 
something new” (Wenzel et al., 2012).
 The summer-based Research Experiences for Under-
graduates (REU) programs are funded through the Na-
tional Science Foundation, with over 700 opportunities 
available throughout the United States. REU programs are 
an important supplement to the undergraduate student 
degree experience, and have been shown to promote 
higher academic success in STEM courses (Fechheimer et 
al., 2011; Junge et al., 2010), increased retention in STEM 
degrees (Fakayode et al., 2014), and support higher inclu-
sion of minority students (Nocera & Harrison, 1996; Vil-
larejo et al., 2008) in STEM fields. 
 A typical REU program supports a ten-week research 
experience over the summer, and provides students the 
opportunity to participate in individualized, hands-on re-
search, working under both graduate student and faculty 
mentors. These programs provide many students with the 
opportunity to experience research earlier in their aca-
demic career (Canaria et al., 2012), as well as giving some 
students access to training and experiences unavailable at 

their home institution. By working with knowledgeable 
researchers, students who might have not had the oppor-
tunity to perform hands-on research outside of classroom 
environments can receive invaluable experience by guided 
scientific discovery.
 Recruiting a diverse cohort of students is the ground-
work to REU programs, and there is much importance in 
choosing both students who are qualified and those who 
the experience would provide opportunities that they 
would be unlikely to experience otherwise (McDevitt et 
al., 2020). As our program focuses on recruiting under-
represented populations, we believe we have succeeded 
in providing many students with research experiences that 
were otherwise out of reach.
 A main goal of all REU programs is to encourage and 
motivate students towards pursuing further STEM re-
search work and graduate careers (Spanias & Christen, 
2018). By providing our participants with a full summer 
of both academic and social experiences, as well as giv-
ing them access to the wealth of knowledge provided 
by research advisors and graduate student mentors, our 
program has followed in the footsteps of those before us 
in encouraging and promoting graduate school and STEM 
professional fields as possible career trajectories for our 
cohort.

Overview of Program
 The aim of this Mississippi State University Depart-
ment of Chemistry REU program (now in its 5th year) was 
to expose undergraduate students to research experiences 
regarding interrelated Food, Energy, and Water Security 
issues (Innovations at the Nexus of Food, Energy and Wa-
ter Security; REU-INFEWS). We have offered a productive 
training ground for our country’s future leaders in areas 
of renewable energy, water purification and the science 
of soil amendment to enhance food security. Targeted 
students for this program included undergraduates in the 
majors of chemistry, biochemistry, engineering, and other 
related STEM fields. We focused on recruiting minority, 
first generation and women students into our program 
and our recruiting efforts were aimed at the rich student 
pool from undergraduate institutions, HBCUs and com-
munity college programs located in the Southeastern 
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United States that typically have limited research oppor-
tunities. Our program exposed undergraduate students to 
a breadth of research on related Food, Energy and Water 
Security topics and allowed for connections across disci-
plinary boundaries.
 This program hosted 8 students each summer (2017-
2019) and 10 students 2020 (funded through 2024) 
through the NSF-REU program.  Additional students were 
included in the research experiences, summer training 
workshops and social activities as an expanded research 
cohort (Figure 1).  Some students were paid from ex-
ternal individual professor funded programs, some from 
independent scholarship programs, and some students 
were from our host institution and financially supported 
through the Chemistry department.  Additional students 
also included were doing research for course credit dur-
ing the summer. This has brought our total cohort of stu-
dents to approximately 38 per summer (2017: 32, 2018: 
39, 2019: 42). An important partner for us has been the 
Jackson Heart Scholarship Program which financially sup-
ports students from Tougaloo College, an HBCU located 
in Jackson, Mississippi.  This program, combined with 
financial support from our MSU Provost office, has funded 
9 students to participate in the summer research experi-
ence.  Many of our summer students were hosted in the 
MSU dorms which created a vibrant support community 
for student socialization. In addition, the inclusion of local 
MSU students expanded the social connections for out-
of-town participants. 
 The program was housed within the Department of 
Chemistry at Mississippi State University (MSU) and in-
cluded professor mentors and research groups from four 
colleges and seven departments at the university, includ-
ing Chemistry (College of Arts and Sciences), Biochemis-
try, Landscape Architecture and Plant and Soil Sciences 
(College of Agriculture and Life Sciences), Civil Engineer-

ing and Biological Engineering (College of Engineering) 
and Sustainable Bioproducts (College of Forestry). Our 
ten-week summer program included seminars on career 
paths and entrepreneurship with a focus toward small 
business and regulatory concerns in environmental in-
dustries. Summer housing, instrumentation and labora-
tory access have been provided through Mississippi State 
University.

Program Research Focus
 Mississippi State University has a rich history of inter-
disciplinary research aimed at the utilization of biomass 
(Chen et al., 2018; Dewage et al., 2018; Karunanayake et 
al., 2018; Pyrolysis of Wood/Biomass for Bio-Oil:  A Critical 
Review | Energy & Fuels, n.d.; Seepaul et al., 2011; Wi-
jayapala et al., 2014; Yan et al., 2013; Yw et al., 2017) as 
our warm weather and plentiful water allows for long and 
productive growing seasons. Our ability to produce high 
density, high volume biomass within the region is the 
foundation of this bioproducts program and overlaps with 
a targeted research focus area of our institution. Many re-
search groups at MSU actively conduct research aimed at 
converting biomass and microbes into renewable sources 
of energy (Hu et al., 2012; Kokabian et al., 2018; Wijaya-
pala et al., 2016; Yan et al., 2014). During the production of 
biofuels we also produce biochar, a ‘waste’ product which 
can be used to purify water and amend soil depleted from 
years of intensive agricultural utilization (Bombuwala De-
wage et al., 2018; Essandoh et al., 2015; Karunanayake 
et al., 2018; Dinesh Mohan et al., 2014; Dinesh Mohan & 
Pittman, 2006). Mississippi is a state with strong agricul-
tural and forestry industries and the core of this program is 
the combination of research training for students entering 
environmental fields with an understanding of regulatory 
concerns, environmental fate and hazards of contami-

nants, and engineering approaches to support practical 
solutions to agriculture, energy and water environmental 
issues. In addition, our program has a focus toward the 
start-up and operation of a small business, so that stu-
dents can understand pathways forward toward launch-
ing and sustaining an entrepreneurial effort.

Our REU site had three objectives:

 1. Train students on state-of-the-art instrumenta-
tion and provide intensive research experience within 
the breadth of Food, Energy and Water Security.  Projects 
emphasize environmental issues, renewable energy con-
cerns, water purification and soil amendment.
 2. Our program recruited talented minority, first gen-
eration, and female students from institutions with lim-
ited research opportunities. We have included students 
from all over the United States with strong emphasis 
toward the Southeastern region. 
 3. Seminars complemented the skills and research training 
with career advising, training in scientific communication, and 
identification of career goals and trajectories.  Students prac-
ticed discussing their projects to outside groups and presented 
their work at an Undergraduate focused Research Conference 
at end of the 10-week program. 
 The overarching goal of this program was to support 
under-represented groups toward careers in STEM fields, 
with an emphasis toward graduate school and advanced 
degrees.  We have included additional students supported 
through external funding sources within each summer 
cohort so that career advising, and training is expanded 
to more students.  In this paper, we share what we have 
learned with the recruitment process, student training 
and experience along with the outcomes of this program. 
Elements that have made our program successful will be 
discussed for possible inclusion into other, existing, and 
future programs with a STEM research training focus.

Figure 1.  Participating MSU NSF INFEWS REU students and mentors. Also shown are 29 students participating in MURPs (Mlsna Undergraduate Research 
  Program)  that also enjoyed a summer research experience. Group photo (research students and mentors) taken at the Shackouls Honors College 
  Undergraduate Research Symposium 2019.
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Program Design and Evaluation
Recruitment and Selection of students
 Our advertising materials for the REU-INFEWS pro-
gram was shared via email with science department 
heads and undergraduate coordinators throughout the 
Southeastern United States.  In addition, recruiting fly-
ers were shared at National American Chemical Society 
conferences and the Southern Undergraduate Research 
Conferences to connect with students from Primarily 
Undergraduate Institutions (PUIs).  The PI and Co-PI es-
pecially encouraged colleagues at HBCUs in the State of 
Mississippi and surrounding regions to promote a strong 
response from HBCU student applicants.  As our program 
received recommendation letters for students, we retained 
the professor email addresses in a database to be included 
in subsequent year recruiting efforts.  Thus, our number of 
applicants grew each year.
 Our program was awarded initial funding in March of 
2016.  Our cohort from 2017 was selected from 70 ap-
plications, with significant growth in applicants in 2018 
and 2019 (130 and 159 applications respectively).  Each 
student applicant for the program was tasked to provide 
two letters of recommendation from math or science 
professors, we also required student essays on their previ-
ous research experience (if any) and their intended career 
goals. 
 The 10-week program as funded by the National Sci-
ence Foundation provided a stipend of $500 per week, 
along with dormitory housing and a meal stipend.  The 
dorms at Mississippi State University were initially as-
signed as single occupancy residence in the cheapest 
dorm option (2017, 2018).  In 2019, administrators at 
MSU collaboratively agreed to allow REU summer re-
search students to house as double occupancy in the 
premium dorms for a reduced housing rate. This housing 
switch worked extremely well for the students in summer 
2019 and demonstrably increased student satisfaction as 
queried through exit interviews.  These exit interviews 
provided an indication that our REU participants preferred 
having a roommate in the dorms (over having single oc-
cupancy) and vastly preferred a private bathroom over 
a communal hall bathroom.  The INFEWS program col-
laborated extensively with other REU programs housed 
on campus to offer social connections and opportunities 
for student engagement.  Access to the gym facilities was 
provided at extreme discount for the summer, along with 
parking passes and access to all university academic facili-
ties.  Participating students took advantage of these perks 
throughout the summer and helped to promote an enjoy-
able student experience.
 Our initial application deadline was March 15th for a 
program that started at the end of May. We have adjusted 
our application deadline earlier (now March 1st) with an 
initial selection of students beginning in February.  We 
have found that high-achieving students are in demand 

with all REU programs and are applying to multiple 
programs. Late communication with the student often 
means they have already committed elsewhere.  We have 
therefore found that early communication in the selection 
process (early February) is crucial for recruitment success. 
Students are tasked to respond to the program invitation 
within one week if possible so that the next candidate can 
be selected in event of a rejection.
 Our application is available on the Department of 
Chemistry website with questions on demographic 
background and math/science courses taken with 
grades. Three essays are requested: description of previ-
ous research experience, career goals, and why student 
is interested in this summer research program.  A holistic 
approach was taken for applicant consideration and es-
says weighed heavily in the process with priority given to 
students expressing interest in research and career goals 
of research scientist.  Two reference letters were part of the 
application process sent directly to program administra-
tor and we prioritized students that demonstrated strong 
work ethic and the ability to work as part of a group. In 
addition, students were asked to rank available projects 
on their degree of interest. Project ranking often became a 
determining factor in selection as our program filled.
 Priority for student selection were the following 
criteria:  gender, ethnicity, first-generation criteria in 
addition to GPA, courses taken and letters of recom-
mendation.  Our program attracts students from a vari-
ety of majors, and we have included students majoring 
in engineering (chemical, civil, mechanical, biological, 
and environmental) along with students majoring in 
chemistry, biochemistry, biology, and environmental 
sciences.  Students have been included after freshman, 
sophomore or junior years with some students matricu-
lating from community college programs.  Since many 
of our projects focus on the chemical sciences, most 
students have completed organic chemistry courses 
before program start although some students with less 
chemistry background have been included on projects 
that would be successful with less chemistry knowledge.  

Program Research Training 
Approach
 

Mentoring Workshop
 Our program scheduled a faculty advisor and gradu-
ate student mentoring workshop 4 weeks before program 
start.  This mentoring workshop had two primary goals: 
One was the outline and planning of a 10- week summer 
undergraduate research project that seemed achievable 
for the student.  The project outline included specific goals 
and timelines with a recognition that our summer pro-
gram is keeping students engaged and busy for 40 hours 
per week.  We encouraged project timeline to revolve 
around data collection for a published manuscript, with 

identified goals that would result in publication of results. 
Project plan creation four weeks prior to program start al-
lowed the research groups to consider chemical and sup-
ply needs with enough time to order anything that was 
missing. Each mentor was given up to $500 for student 
supplies.  The second goal of the mentoring meeting 
was to discuss interpersonal interactions and mentoring 
of undergraduate students. Discussions focused on com-
munication of expectations, possible conflicts, methods to 
resolve conflicts and tools were provided to the graduate 
students to support their time management planning for 
the summer.  
 Selected REU student participants were matched 
with their research group before the program start, and 
their research project was included in their offer letter. 
Most of the research skill development was mentored by 
the faculty advisor and graduate students of that project 
group, although official training for library resources and 
SciFinder was included during our first week orientation 
(further explained under social components of program).  
Important deadlines for our program included an “eleva-
tor pitch” in week 2 that encouraged each undergraduate 
student to share the overview of their project and their 
defined goals for the summer research.  Each student also 
presented a poster of their summer research at the end 
of summer Undergraduate Research Conference hosted 
by our institutions Honors College and turned in a draft 
manuscript report of their summer results to their faculty 
supervisor. 

Research Projects 
 The overarching research theme of this REU program 
was on Food, Energy, and Water Security and each stu-
dent was assigned their own individual research project 
in areas relevant to this focus. The specific research areas 
included projects addressing issues with energy deple-
tion, freshwater contamination, and food security. Over 20 
faculty members and multiple graduate students partici-
pated in this program as research mentors. Specific areas 
of research include:

Professional Development 
And Socialization Of Students
 Upon campus arrival, our students were checked in to 
their dormitory housing on campus.  Our initial program 
utilized single-occupancy housing in our cheapest dormi-
tory available with shared bathroom facilities on the hall-
way.  In year 3, we were able to afford double-occupancy 
rooms in our expensive dorms where each student room 
had a private bath. The dorm rooms had a full-sized re-
frigerator and microwave in each room, plus communal 
kitchen facilities on the floor.  Our students had access to 
all university facilities, including a campus gym member-
ship for the summer ($2 for all summer access) and re-
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duced rate parking ($40 for summer). Campus food courts 
and dining halls were available, and students could use 
their paid meal stipend to access restaurants or groceries. 
The first week of the program included an initial orien-
tation to the program schedule and available amenities 
with an orientation packet that included local restaurants, 
activities and the campus bus schedule.  The first morn-
ing of program was focused on this orientation overview 
followed by connecting each student in with their desig-
nated research group so they could meet group members, 
get assigned desk space and keys, and get oriented with 
research.  The remainder of orientation included official 
seminars on laboratory safety, hazardous waste disposal, 
library orientation, SciFinder training and introduction to 
campus services and amenities. 
 Two weekly seminars were scheduled for the ten 
weeks of summer.  One scheduled every Wednesday at 
lunch with meal provided, focused on the Responsible 
Conduct of Research, Career trajectories in STEM fields, 
information on how to get in to graduate school, an Indi-
vidualized Development Plan document (2 sessions), how 
to create a poster for a research conference presentation, 
and how to write a research manuscript. Our program 
secondary focus is on small business development and 
entrepreneurship, so several lunch seminars included 
guest speakers from local chemical businesses with tours 
of their facilities.  
 A second weekly seminar featured faculty speakers.  
These talks comprised a short overview of research focus 
(15 minutes), but a larger portion on their career trajec-
tory, why they made major life choices during their career 
and what they wish they had known.  Students were very 
engaged with these talks and have commented on them 
extensively in exit interviews. At this stage in their aca-
demic training, many students were eager to learn about 

the range of possible paths forward towards successful ca-
reers.  The comments reflect that it helps them realize that 
there isn’t just one “right” pathway.  Careers can happen 
from more than one defined pathway, and students have 
commented that it vastly reduced stress about their future 
to recognize that a variety of routes can lead to reward-
ing and productive careers. We discovered that our faculty 
really buy in to this discussion and enjoy the mentoring 
interaction as a way of dispensing life advice to the stu-
dents.  The common theme was that faculty shared how 
they came to their current position. No two faculty stories 
were alike, and students gained the understanding that 
there are many paths that can lead to success. This series 
of presentations served provided an important life lesson 
for many of the students who began to understand that 
‘bumps in the road’ towards a career were common and 
that persistence often was rewarded.
 The Individualized Development Plan (IDP) was a pa-
per document used with students to identify career goals 
and specific skills and experiences that would help them 
toward their defined goal.  These documents allowed us to 
pursue conversations with the students on life priorities as 
well as the specific experiences the students could pursue 
to help expand their resume and grow their marketable 
skills.  A specialized discussion with this IDP centered on 
the components of a strong recommendation letter, what 
the student identified that they would like said in a letter 
written about them, and specific approaches the student 
could do to garner those statements.  For example, a stu-
dent might identify that a strong statement in a rec letter 
is “strong work ethic”.  We would go through ideas and 
examples of how a student could manage their summer 
experience and their interaction with their research group 
to garner that statement in a future rec letter.  A strong 
theme for the IDP discussions was that the student had 

the means to identify specific skills or outcomes that could 
help them toward their future.  We would then explore 
ways to access those skills or support the defined out-
comes.  Many students commented in our exit interviews 
that this process was the point at which “life got real”.  The 
targeted discussions helped support students to recognize 
that they can be active participants in their growth and 
can both identify and pursue their defined goals.
 Participants were given many opportunities to con-
nect with each other, such as field trips and other social 
events. GroupMe chat groups were created to organize 
social outings, trips to the gym, and weekend activities. 
The inclusion of PIs varied from summer to summer; some 
participant groups were happy to keep their PIs involved 
in the GroupMe chat while others created splinter groups 
that included only student participants. In addition to 
these groups, Photo of the Week contests were hosted, 
encouraging participants to submit photos each week 
with various themes (selfie with their research group, best 
group photo, best nature photo, etc).
 Field trips included the Teacher Education EPSCOR 
workshop hosted at Tulane University and the University 
of Alabama, and the ERDC government lab in Vicksburg 
MS (2017, 2018, and 2019, respectively). A second field 
trip was held each summer based on the participants’ 
interest, and those have included the Huntsville Space 
Flight Center, the MSU Energy Institute, and a local Water 
Park. An opening barbecue and pool party welcomed par-
ticipants each summer, and small evening and weekend 
social activities such as ice cream and movie nights hap-
pened approximately once per week.

Figure 2.  Program design overview
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Program Evaluation
 Program objectives were evaluated in multiple ways.  
Written data such as student applications, research post-
ers and learning objectives survey were analyzed and 
student outcomes were tracked to identify career trajec-
tory post-program.  Exit interviews were performed with 
students each summer to gain feedback about the pro-
gram, campus experience and student training elements.  
Interviews and feedback from faculty mentors were ana-
lyzed to determine way to strengthen the program.  Each 
following year, the program included new elements in 
response to prior surveys resulting in an ever-improving 
summer package. For student participant outcomes, we 
tracked student presentations and publications related 
to their research.  We also track where students go after 
graduation from their home institution to determine their 
path - graduate school or other opportunities pursued.  
Continued tracking was achieved through LinkedIn con-
nections, Facebook interactions and direct email contact. 
To evaluate recruitment metrics, we analyzed overall 
applications and acceptance rate, towards our goal of 
recruiting women, minority, and first-generation partici-
pants and students from institutions with limited research 
opportunities.  

Program Outcomes
Recruitment Metrics
 We enrolled 24 REU students during the first 3 
summers of operation.  The first year, 2017, one se-
lected student decided she had made a mistake in 
enrolling within the program after the first week and 
she asked to leave.  We were able to roll her funding 
over into year 2 and support 9 students in 2018.  Of 
the 24 total students supported within the REU, 16 
were women, 4 were Black or African American, and 
11 were First Generation.  Eighteen students were 
from primarily undergraduate institutions (PUIs) or 
institutions with limited research capabilities.  Three 
students were from Historically Black Colleges and 
Universities (HBCUs). Undergraduate institutions rep-
resented included Mississippi College, Huntingdon 
College, Tougaloo College, Jacksonville State Uni-
versity, Stetson University, Spring Arbor University, 
Tuskegee University, Georgia Southern University, Al-
corn State University, Edinboro University and Thomas 
Nelson Community College. The majority of students 
were Chemistry majors (11 of the 24) with Chemical 
Engineering, Biomedical Engineering, Civil engineer-
ing, Biochemistry and Biology also represented. 

 For the REU program, 87.5% of our participants 
fulfilled our recruiting focus of women, Black or 
African American or First-Generation students. Ad-
ditional undergraduate researchers were supported 
through external funding grants supplied by our 
research mentor faculty. An additional 9 students 
from Tougaloo College, an HBCU located in Jackson, 
MS were supported through private scholarship and 
funds supplied from the MSU Provost office and were 
treated as full program participants even though their 
funding came from a different source.  The expansion 
of our cohort to include additional externally funded 
students allowed us to support a strong and diverse 
cohort. As well, local Mississippi State University 
students were supported through the Department 
of Chemistry, the MSU Shackouls Honors College and 
external programs to support local student research 
participation.  A full breakdown of students is shown 
in Table 2. 

Research Outcomes
 Twenty-four REU participants successfully completed 
the program and presented their research work at the 
final Shackouls Honors College Undergraduate Research 
Symposium. We had 2 students win awards with these 
presentations and 3 students presented their work at 
external conferences including the American Chemical 
Society National Meetings (Hill et al., 2018; Powell et al., 
2018) and the Annual Biomedical Research Conference for 
Minority Students (Walker & Street, 2017), 1 student won 
an award at a National ACS meeting. Another student won 
a travel award from the REU student committee to present 
their work in Washington, DC.  An additional 89 students 
from our externally funded programs presented their work 
and 1 won an award at the Southeastern Undergraduate 
Research Conference. 5 students presented their work at 
external conferences, and a further 2 students had plans 
to present their work at the National ACS meeting in 
Philadelphia in 2020 but these plans were cancelled due 
to covid-19.
 Six manuscripts (Crisler et al., 2020; Feng et al., 2019; 
Ghimire et al., 2021; Hill, Boulet, et al., 2019; Hill, Hunt, et 
al., 2019; Navarathna, Bombuwala Dewage, et al., 2020) 
have been published from the REU program participants.  
We continue to strongly encourage our research men-
tors to publish their work and more manuscripts are in 
preparation. An additional 19 publications (Alchouron et 
al., 2021; Arana & Gude, 2018; Burk et al., 2020; Cope, 
Sheridan, et al., 2020; Cope, Valle, et al., 2020; Das et al., 
2020; Herath et al., 2021; Krantz et al., 2019, 2020; Li et 
al., 2019; Liyanage et al., 2020; Mikek et al., 2017, 2018; 
Navarathna, Dewage, et al., 2020; Obi et al., 2020; Sama-
raweera et al., 2021; Shirley et al., 2020; Wolgemuth et al., 
2021; Yadav et al., 2017) have occurred with the externally 
supported students.

Table 1.  Areas of research and their focus
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Dr. Deb Mlsna was an invited speaker at the 2019 South-
Eastern Regional Meeting of the American Chemical So-
ciety (Mlsna, 2019), the 2020 International Frontiers in 
Chemical Technology Conference (Mlsna, 2020), and the 
2018 National ACS Meeting (Mlsna & Mlsna, 2018). Dr. 
Todd Mlsna was an invited speaker at the 2020 Interna-
tional Frontiers in Chemical Technology Conference (Ml-
sna, 2020), and the 2018 National ACS Meeting (Mlsna 
& Mlsna, 2018).
 The pre-and post-surveys shared with students tar-
geted our learning objectives for the summer experience 
and tracked student attitudes toward their own scientific 
confidence on 9 questions.  Students were asked to rank 
themselves on a 5-point Likert scale as “unknown” (level 
1) up through “advanced” (level 5). Students consistently 
showed improvement in their skill sets after the ten-week 
program with the strongest learning gains observed with 
designing a hypothesis and writing a manuscript. Full re-
sults are shown in Figure 2.al., 2019; Liyanage et al., 2020; 
Mikek et al., 2017, 2018; Navarathna, Dewage, et al., 
2020; Obi et al., 2020; Samaraweera et al., 2021; Shirley et 
al., 2020; Wolgemuth et al., 2021; Yadav et al., 2017)car-
diac system development and nervous system function. 
Previous studies have demonstrated that the regulatory 
domain (RD have occurred with the externally supported 
students.
 Dr. Deb Mlsna was an invited speaker at the 2019 
SouthEastern Regional Meeting of the American Chemical 
Society (Mlsna, 2019), the 2020 International Frontiers in 
Chemical Technology Conference (Mlsna, 2020), and the 
2018 National ACS Meeting (Mlsna & Mlsna, 2018). Dr. 
Todd Mlsna was an invited speaker at the 2020 Interna-
tional Frontiers in Chemical Technology Conference (Ml-
sna, 2020), and the 2018 National ACS Meeting (Mlsna & 
Mlsna, 2018).

Student Outcomes
 Six of our REU students have entered graduate school 
programs, with an additional 7 matriculated into the 
workforce or professional school programs (medical, 
dental, pharmacy school). Seven students are still com-
pleting their undergraduate degree.  Approximately the 
same number of external students have also moved on 
to graduate school programs, and we continue to monitor 
the students to determine where they move toward after 
graduation. 
 The pre-and post-surveys shared with students 
targeted our learning objectives for the summer experi-
ence and tracked student attitudes toward their own 
scientific confidence on 9 questions.  Students were 
asked to rank themselves on a 5-point Likert scale as 
“unknown” (level 1) up through “advanced” (level 5). 
Students consistently showed improvement in their 
skill sets after the ten-week program with the strongest 
learning gains observed with designing a hypothesis and 

writing a manuscript. Full results are shown in Figure 2. 
 With this evaluation, we hoped to address the ques-
tion as to whether our participants were leaving our pro-
gram feeling more capable at performing scientific tasks 
such as writing manuscripts and presenting their research. 
The evaluation surveys were designed to help students 
convey their confidence for these tasks with a simple 
number system and topics that specifically targeted areas 
of the program that we focused on. The data we received 
from these evaluations supports the conclusion that our 
program has indeed helped students feel more confident 
with these tasks.

Discussion
 The learning objectives of oral communication and 
relating their project into the larger picture were sup-
ported through a collaborative relationship developed 
with an NSF EPSCOR-funded program, Creative Science 
through Inquiry (CSI). CSI was a teacher education work-
shop designed to support middle and high school science 
teachers to expand their skills in laboratory experiences. 

The REU participants visited this workshop each summer 
to interact with the teachers and support them to perform 
a biochar adsorbance experiment created by the PI and 
Co-PI to explain the programmatic research.
 REU participants at this workshop were tasked to ex-
plain their summer research project in a 3-minute presen-
tation for the secondary school educators. This early start 
presentation, given in the 2nd week of the program, yield-
ed enormous value for our participants as it supported 
them to become familiarized with their topic and research 
focus very early in the summer program. The presenta-
tion consisted of two PowerPoint slides, the first giving 
detailed background and the importance of their summer 
research and the second detailing their project specifics 
including summer goals and a list of tasks. Scheduling 
an early student presentation was vital because it got the 
participants up to speed quickly with their project and 
fostered independence for the student in recognizing their 
own summer goals.
 In addition, the interactions between the undergradu-
ate REU participants and the teachers were brilliant to ob-
serve and was a remarkable team building experience. The 
undergraduates were able to step into a teaching role while 

Table 2.   Participants- Funded Students in Research Cohort 

*additional students were doing research for course credit
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the teachers got to see how much student growth occurs 
at the undergraduate level. Both teachers and students 
strongly endorsed this workshop experience for multiple 
years, and we believe that the completion of the CSI work-
shop helped both the teachers and students feel proud of 
their progress.  As well, the learning objective of improving 
writing skills was supported through the student research 
poster at summers end and the submission of a manu-
script draft on their project a program requirement. The 
reports were formatted to provide experience with writing 
a research publication, so all details such as introduction, 
methods, results, and discussion were required. These 
provided both invaluable scientific writing experience 
for the undergraduate participants, and a rough draft for 
their research mentors to expand on for future publication. 
 
Conclusion 
 The learning objectives of oral communication and 
relating their project into the larger picture were sup-
ported through a collaborative relationship developed 
with an NSF EPSCOR-funded program, Creative Science 
through Inquiry (CSI). CSI was a teacher education work-
shop designed to support middle and high school science 
teachers to expand their skills in laboratory experiences. 
The REU participants visited this workshop each summer 
to interact with the teachers and support them to perform 
a biochar adsorbance experiment created by the PI and 
Co-PI to explain the programmatic research.

REU participants at this workshop were tasked 
to explain their summer research project in a 3-minute 
presentation for the secondary school educators. This 
early start presentation, given in the 2nd week of the 
program, yielded enormous value for our participants as 
it supported them to become familiarized with their topic 

and research focus very early in the summer program. 
The presentation consisted of two PowerPoint slides, 
the first giving detailed background and the importance 
of their summer research and the second detailing their 
project specifics including summer goals and a list of 
tasks. Scheduling an early student presentation was vital 
because it got the participants up to speed quickly with 
their project and fostered independence for the student in 
recognizing their own summer goals.

In addition, the interactions between the 
undergraduate REU participants and the teachers were 
brilliant to observe and was a remarkable team building 
experience. The undergraduates were able to step into a 
teaching role while the teachers got to see how much 
student growth occurs at the undergraduate level. Both 
teachers and students strongly endorsed this workshop 
experience for multiple years, and we believe that the 
completion of the CSI workshop helped both the teach-
ers and students feel proud of their progress.  As well, 
the learning objective of improving writing skills was 
supported through the student research poster at sum-
mers end and the submission of a manuscript draft on 
their project a program requirement. The reports were 

formatted to provide experience with writing a research 
publication, so all details such as introduction, methods, 
results, and discussion were required. These provided 
both invaluable scientific writing experience for the un-
dergraduate participants, and a rough draft for their 
research mentors to expand on for future publication. 
 
 The authors feel that we have had a very success-
ful launch to the chemistry NSF-REU program at Mis-
sissippi State University. We have introduced many 
underrepresented students to the benefits of STEM 
careers and helped to foster a further interest in pursu-
ing these careers. All told, 113 students spent 10 weeks 
emersed in research while networking with potential 
colleagues in their cohort that may support their work 
for further decades. Along the way, they learned how to 
prepare and give presentations, write research papers, 
maximize their resumes for graduate school, navigate 
research laboratories, discuss scientific principles with 
those in their field, and had countless other opportu-
nities for progressing further into their chosen fields. 
 The program elements were supported through the 
three-year implementation of this REU-INFEWS pro-

Table 3.   Self-reported student outcomes

Figure 3.   Learning Outcomes survey results.
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gram.  The program continues at Mississippi State Uni-
versity through renewal funding and continues to expand 
in breadth and scope to support undergraduate students 
engaged in research.  Successes with this program are the 
continued inclusion of additional participants supported 
through external funding programs and private scholar-
ship.  One of the most effective recruiting components 
was to include the faculty writing recommendation let-
ters on the next year’s recruiting list.  The faculty that are 
engaged to support an undergraduate student with an 
REU application are excellent recruiters for the next layer 
of participants.  This REU program has run successfully, 
has become a model program for our university, and con-
tinues to support the mission of engaging undergraduate 
students in authentic research experiences.  
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