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Abstract
Undergraduate research experiences have well-established benefits on under-
graduate education, such as improved critical thinking, professional develop-
ment, and increased interest in graduate studies. In addition, the host faculty
can benefit by increasing their research impact and gaining exposure to potential
graduate candidates. In the production animal science field (study of domestic
livestock raised for meat, milk, or fiber), research also allows for additional live-
stock handling experience outside of the classroom, which is critical for students
without agricultural backgrounds. At Kansas State University, the swine (Sus
scrofa domesticus) nutrition research group developed a swine-specific under-
graduate research program. Several different models for projects are in place
to maximize the research experience for students. Steps in the process include
recruitment, initial student evaluation, project execution, presentation, evalua-
tion, and post-graduate status update. There are several key roles in this training
process. Graduate students serve asmentors and benefit from leadership training
and development of interpersonal andmanagerial skills. Evidence collected after
students have completed the program reiterates the importance of exposing stu-
dents to not only the scientific method, but the swine and feed industries. Many
of the students who complete projects ultimately pursue graduate or veterinary
degrees, whereas those who choose nonresearch-related careers recognize the
value of research and appreciate exposure to the swine industry. This case study
will outline aspects of a swine-specific undergraduate research program, which
can be applied to any life sciences discipline.

1 INTRODUCTION

The advantages of undergraduate research are well-
demonstrated throughout literature (Healey & Jenkins,
2009; Lopatto, 2004; Russell, Hancock, & McCullough,
2007). The benefits are multi-factored and exist for all

Abbreviations: KSU, Kansas State University; UGRP, undergraduate
research program; UGRC, undergraduate research coordinator.
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parties participating in the program. For the student,
undergraduate research provides increased comprehen-
sion in the field of study, confidence, and desire to pursue
graduate education (Russell et al., 2007). Additionally,
critical thinking skills are improved, oral and written
communication ability increases, and students develop
professionally (Petrella & Jung, 2008). At Kansas State
University (KSU), Jones and Lerner (2019) established
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that critical thinking gains are increased for students who
complete undergraduate research compared with those
that do not. The host program or faculty mentoring stu-
dents are able to increase their research impact, whereas
the university gains exposure via increased presentations
and publications, and the ability to provide a more robust
undergraduate experience (Petrella & Jung, 2008). Applied
research also allows for hands-on, practical experiences in
the field of study, especially, in the animal science curricu-
lum, when increased numbers of students are originating
from urban or suburban backgrounds (Harrison, 2015).
This demographic shift makes hands-on activities with
livestock, such as research or internships, increasingly
critical in addition to traditional classroom training
(Baranko, 2018; Sterle & Tyler, 2016). Furthermore, the
swine industry, along with many other agricultural sec-
tors, is facing significant challenges in finding, hiring, and
retaining employees (Boessen, Artz, & Schulz, 2018); thus,
it is important to expose students to opportunities within
the swine industry during their undergraduate careers.
Faculty at many universities mentor undergraduate stu-

dents and oversee research projects yet may not have an
official program. Over time, the KSU applied swine nutri-
tion team developed a formalized swine nutrition under-
graduate research program (UGRP) that has allowed for an
increased number of students to experience swine-based
research and the swine industry, and also increased the
number of research projects that can be completed. Pre-
viously, one to three undergraduate projects were com-
pleted per year. Yet, with the implementation of the new
undergraduate research model, in addition to a course-
based research class that provides 20 students access to a
research project, 25 to 30 students complete swine-based
projects each year. This case study will review the swine
nutrition-specific research program that was developed at
KSU, outline key characteristics that contribute to project
and student success, and provide anecdotal evidence to
support program efficacy. This concept and approach can
be applied to any life-science discipline and provide similar
student learning gains and program benefits.

2 DEVELOPMENT OF A
SPECIES-SPECIFIC UNDERGRADUATE
RESEARCH PROGRAM

2.1 Types of projects

One of three individual project models can be selected to
provide the best experience for both the student andproject
mentor. Type of project is based on the undergraduate’s
talent, prior experience, and time availability. In coordi-
nation with the KSU Animal Science and Industry Under-
graduate Research Program, students can earn varying lev-

Core Ideas

∙ Undergraduate research connects classroom
concepts with industry skills in applied sci-
ences.

∙ A discipline-specific, undergraduate research
program increases students exposed to the dis-
cipline.

∙ Majority of students have gone on to enter grad-
uate or professional school.

∙ This approach can be implemented in other
animal science disciplines or other applied-
science programs.

els of course credit based on project involvement. Aligning
the swine nutrition UGRP with the departmental research
programmaximizes student experience and contributes to
the departmental goal of increasing the number of under-
graduate research experiences. Through this program, stu-
dents completing projects can enroll in 0–3 hours of course
credit, with 1 credit hour representing 45 hours of labor.
The first type of project is a shadow project. In this sce-

nario, the student strictly shadows the graduate student
mentor. Typically, this project is already designated as a
part of the graduate student mentor’s research program;
thus, the undergraduate would not present these data as
a stand-alone project. The student is expected to be at all
chore activities and data collection days (i.e., pig weighing,
sample collection, and feeding animals), but other pre- and
post-trial activities (such as animal allotment, data entry
and review, feedmanufacturing, andwriting of experimen-
tal results) may be up to the student’s interest level ormen-
tor’s discretion. This type of project is ideal for students
that are seeking their first experience with pigs, unsure
about research, or not ready for additional responsibility.
Depending on the student’s time commitment, skill set,
and interest, this projectmay count for course credit and be
presented at the KSU Department of Animal Sciences and
Industry Undergraduate Research Symposium but would
not be presented at regional or national scientificmeetings.
The next type of opportunity is an add-on project. In this

experience, the student is responsible for helpingwith data
collection, along with accompanying the graduate student
mentor in the pre- and post-trial activities to increase
learning opportunities and provide complete exposure to
the research process. Oftentimes, this project may be an
“add-on” to another research trial, where the graduate
student mentor is already conducting an experiment, but
additional response criteria can be collected to create an
independent research trial for the undergraduate. In one
example, a graduate student was conducting a sow feeding
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trial evaluating sow and litter performance, while an
undergraduate collected colostrum samples and had own-
ership in presenting these data. In another instance, the
effect of nursery diets on nursery growth performance was
being studied, and the undergraduate student presented
fecal scoring data as it related to diet. These projects can
be presented at departmental or college-level research
forums and competitions, as well as regional or national
scientific meetings. All students are asked to present at the
departmental level. Additional presentations are decided
based on student interest and capabilities and substance
of the data set and criteria of various forums.
The final type of individual project model is a true inde-

pendent project. The undergraduate is still supervised by
a graduate student mentor, but the undergraduate is ulti-
mately responsible for the project. This is an ideal UGRP
type for projects funded specifically for an undergradu-
ate (i.e., U.S. Pork Center of Excellence Swine Research
and Education Experience grant). It is also independent
in that it is not included in a graduate student’s dis-
sertation. This model is ideal for upper-class students,
those who have already completed a shadow project, add-
on project, or course-based research project, or graduate
school candidates.
Another notable type of project, although not for indi-

vidual students, is the course-based research project.
In this model, approximately 20 students complete a
swine research project within the bounds of a traditional
semester class. The swine section is typically offered once
per calendar year. The class is lecture- and lab-based, and
the lab section consists of on-farm data collection for the
experiment. This course began in the fall of 2017 and has
significantly increased the number of swine-based under-
graduate research projects. Additionally, it provides amen-
torship opportunity for a graduate student to be a teach-
ing assistant for the course and increases interaction with
research faculty and students. Jones and Lerner (2019) pro-
vide further detail on implementing course-based research
within the animal sciences and the efficacy of class projects
comparedwith students who complete individual projects.
Key findings from these data set demonstrate that there
is no evidence for difference in critical thinking gains
between course-based and stand-alone projects, but that
participation in any type of undergraduate research pro-
vides improved critical thinking skills compared with stu-
dents who do not complete a project.

2.2 Roles of mentor and
research coordinator
In the current undergraduate research model, there are
two key graduate students involved in the training pro-

cess for undergraduate research (Table 1). The undergrad-
uate research coordinator (UGRC) is the graduate student
within the swine nutrition program that is responsible for
assigning students to projects and mentors and overseeing
completion of requirements. The graduate student mentor
spends the most one-on-one time with the undergraduate
student, and the project may be a part of this student’s offi-
cial research program work. The graduate student men-
tor in charge of the research project will act as the main
advisor for the undergraduate student through the dura-
tion of the trial. During the trial, communication is most
effective directly between these two parties, involving the
UGRC and faculty when needed.
This model is similar to the apprenticeship model

described by Hunter, Laursen, and Seymour (2007), except
that the current program relies heavily on graduate stu-
dents to complete a significant portion of the training pro-
cess. The benefit of having these graduate student roles in
the UGRP is multifaceted. First, it allows the responsibili-
ties of project execution and day-to-day communication to
be delegated between multiple parties. Secondly and most
notably, it provides teaching and leadership experience
for the mentor and the UGRC. Although graduate stud-
ies provide significant technical training in a given area of
expertise, another important focus is development of inter-
personal and leadership skills. Many graduate students
enter the swine industry or academia, where they obtain
leadership roles or are expected to mentor undergradu-
ate students or other employees. Therefore, this experi-
ence in teaching an undergraduate, communicating, and
project execution is invaluable. Oversight is, of course, pro-
vided by faculty members. This also provides the under-
graduate with a very real-life taste of graduate school and
increases interaction between the graduate student cohort
and undergraduates, which is critical if the student is a
potential graduate school candidate.
The UGRC was formerly responsible for mentoring all

undergraduate projects. Utilizing other swine nutrition
graduate students as mentors with oversight and coordi-
nation provided by the UGRC has allowed for an increase
in the number of projects. It also delegates the onboarding
process to several leaders and allowsmore students to gain
experience in teaching and training.

2.3 Recruitment and initial
student evaluation
Identifying undergraduate students that will be a fit to the
program can be one of themost significant challenges. The
first step is getting word out about the UGRP. Advertise-
ment is conducted in core undergraduate classes related
to the discipline (principles of feeding, fundamentals of
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TABLE 1 Role of undergraduate research coordinator and graduate student mentor

Undergraduate research coordinator
∙ Pair undergraduates with swine nutrition projects and arrange initial meeting of mentor and student to outline expectations and
project details.

∙ Openly communicate with undergrad students, graduate students, and faculty, any approaches to improve the dynamics of the
coordination process.

∙ Develop a mentor-student relationship ensuring a positive student experience while challenging students to commit to take a project
from concept to completion.

∙ Stimulate the development of the student’s skill set including decision making, stockmanship, and personal accountability.

∙ Provide support to the mentor, particularly in the preparation of the undergraduate abstract, poster, and presentation. The
undergraduate research coordinator and faculty will be involved in the editing process as well as presentation preparation for each
student.

Graduate student mentor

∙ Instruction on day-to-day research tasks.

∙ Fully describe the expectations of the student before the work event begins.

∙ Provide a robust learning experience by thoroughly explaining all processes completed for the project. Take advantage of any
opportunity during work events to teach the student by both explanation and demonstration. Although timeliness and efficiency are
key in most data collection events, they are secondary to teaching students in this scenario.

animal nutrition, swine science). Other opportunities for
advertisement include clubs (swine-interest club), depart-
mental or collegiate newsletters, and student welcome
events. Also, many students are directed to the program
through word of mouth. Typically, initial contact is made
when the student makes an inquiry to swine faculty or
graduate students.
Once student contact is initiated, an initial meeting

between the UGRC and the student takes place. In this
meeting, information gathered includes major, career
goals, and reasons for interest in swine-related research.
In addition, the student is provided information regard-
ing the swine nutrition research group, including, but
not limited to, core faculty, types of projects, and expec-
tations of completing a research project. In this meet-
ing, the UGRC must evaluate students for project readi-
ness, which includes traits such as attention to detail, time
management, communication, and relevant research, live-
stock, and/or swine-related experiences. These traits can
be demonstrated via resume and interview describing rel-
evant experiences such as extra-curricular activities, work,
and previous livestock ownership or care experiences. Stu-
dents demonstrating these traits, as well as leadership abil-
ities, desire to learn, and strong work ethic, are selected to
participate in the UGRP.

2.4 Onboarding

After the student is selected and paired with a mentor,
several steps are taken to get the student onboarded and
ready for the experiment. First, the student, mentor, and
UGRC will review anticipated student learning outcomes
(Table 2). Then, the undergraduate will complete required
Occupational Health and Safety forms, Institutional Ani-
mal Care and Use Committee modules and quizzes, and a
Domestic Animal Activity Liability Waiver. They are also
provided with a complete list of graduate student and fac-
ulty contact information. Lastly, a contract (Table 3) is
signed that outlines the anticipated time input for each
aspect of the project, procedures for project termination
upon second unexcused absence, animal welfare, or biose-
curity issues.
When the undergraduate student first visits the KSU

Swine Teaching and Research Center, they will be met by
their mentor to walk through the biosecurity practices of
entering a commercial swine farm. It is especially impor-
tant to get students who lack pig experience comfortable
with biosecurity steps to establish a good foundation and
avoid any biosecurity breeches. This is also an example of
how the program can provide real-life experience relevant
to the commercial swine industry.
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TABLE 2 Student learning outcomes

Treatment design and objective of the trial
Daily chores and the importance of good animal husbandry as it relates to data integrity
Data collection and how it relates to growth response criteria measured
Data review
Basics of data analysis (What statistical software was used? What types of comparisons were made between treatments? What is the
significance level? What does a P value mean?)

Technical writing skills and scientific presentation style
Communicate the results to the swine industry and technical audience

TABLE 3 Undergraduate research student contract items

1. Undergraduates that take on a project are expected to participate in all events related to the research trial that do not conflict with
their class schedule.

2. When you sign up for an event, you are expected to show up accordingly. It is your responsibility to know when and where you are
to be for each event.

3. If you cannot help after you have committed (strongly discouraged), you must provide a minimum of 24 hours notice to the
graduate student in charge of the event. Failure to provide this notice or reoccurring absences will result in a warning and second
occurrence will result in termination of student’s involvement in the project and/or penalties to the final grade at the discretion
of the graduate student mentors and faculty members.

4. Grounds for immediate dismissal: A student’s involvement in a project may be terminated at any time with the occurrence of the
following events:

∙ Animal cruelty or welfare problems

∙ Breach of biosecurity

∙ Second unexcused absence (first will receive a warning, second results in dismissal)

2.5 Project execution

In all project types, undergraduates are expected to partic-
ipate in daily chores and animal care along with the grad-
uate student. Specifically, the undergraduate will visit the
farmdaily and evaluate feed/water status, health, and envi-
ronmental quality. Although this is a large time commit-
ment for students, it substantially increases student learn-
ing gains by providing livestock experience, understanding
how data is impacted by daily decisions during chores, and
cultivating a sense of responsibility to the trial. Previously,
the student was allowed to decide whether they wanted to
participate in farm activities beyond justweigh days.When
given the choice, many decided to only attend weigh days,
either due to interest level or time commitment. Over time,
it was discovered that requiring participation in daily ani-
mal care increased the robustness of the project and stu-
dent learning gains. It increased accountability of the stu-
dent and allowed additional time for discussion with the
mentor and learning about pig production.
Exposing the student to all areas of completing a

research project (beyond just data collection) is a criti-
cal feature of this program and included for add-on and

independent projects. Activities completed during the pre-
data collection phase in relation to swine nutrition include
diet formulation, feed manufacturing, and allotment of
pigs. In addition to being critical components of swine
nutrition research, these activities increase exposure to
swine production and may cultivate interest in the swine
industry. Post-data collection activities include analyzing
the data, examining outliers, and preparing abstracts and
research presentations.

2.6 Presenting the project

Presenting data to a scientific audience allows for broad
application and thorough understanding of the research
subject. In a review of undergraduate research litera-
ture, Linn, Palmer, Baranger, Gerard, and Stone (2015)
reported that students are most often involved in project
execution and not data interpretation. The KSU program
seeks to deliver a wide-ranging experience, and thus, all
students completing add-on or independent projects are
encouraged to present research abstracts and posters at the
Animal Science Research Forum each semester. This
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F IGURE 1 Post-project status updates for graduated students
who completed undergraduate research. Ten students were asked to
complete the survey, of which six responded

component can be as time consuming as completing the
project because it is often the student’s first exposure to sci-
entific writing and statistics. However, preparing a presen-
tation provides a well-rounded understanding of the data
and application of the information.
The KSU Department of Animal Sciences and Indus-

try Undergraduate Research Forum occurs each semester.
Students who have completed independent or course-
based projects have the opportunity to share their research
in the form of poster presentations. It is judged by vari-
ous faculty, andwinners are awarded scholarships. Criteria
for judging at this event include many of the aspects rec-
ognized at scientific meeting research competitions, such
as abstract readability, poster organization, materials and
methods clarity, communication of results, professional-
ism, rate of speech, and word choice. This benefits the
undergraduate greatly as it may be the first time giving
a scientific presentation. Students who complete shadow,
add-on, and independent projects can present at this event.
If the student is presenting an add-on or a stand-alone

project, it will typically be submitted for competition at
Midwestern or National Meeting of the American Society
of Animal Science. In addition to providing a peer-based
competition to showcase their efforts, attending these sci-
entific meetings also exposes students to animal science
experts from around the country. At these meetings, they
can connect with industry professionals and begin net-
working in their desired field. Presenting in this environ-
ment develops presentation skills and teaches students
how to answer questions related to their project.

2.7 Undergraduate student and
mentor evaluation

Upon completing the project, both the student andmentor
fill out surveys evaluating the other party. This is benefi-
cial in providing feedback about any obstacles or areas for
improvement. The mentors are asked to evaluate whether
the student completed project requirements in a satisfac-
tory manner and provide a letter grade if students are com-
pleting the project for credit. The undergraduates are asked
to comment on the mentor’s communication, helpfulness,
preparation, and increasing their desire to learn about the
subject. This information helps theUGRCunderstandhow
well students are paired with mentors and helps identify
areas that can be improved in future projects.

2.8 Evaluating the impact of a
species-specific research program

It is challenging to quantify student learning gains and
benefits. Jones and Lerner (2019) described methods for
evaluating critical thinking pre- and post-project and
demonstrated that critical thinking can improve with an
independent research project. Although improved critical
thinking skills are undoubtedly a desired outcome of the
UGRP, we have sought to evaluate the impact of the UGRP
from a swine industry perspective by collecting anecdo-
tal evidence.
Approximately 1 year after this program was imple-

mented, students who had conducted projects provided
a “status update” and completed a survey on the under-
graduate research program. Some students had already
graduated, whereas others were still enrolled in under-
graduate. Ten students were asked to complete the sur-
vey, and six responded, although three of these students
had completed multiple projects. Out of the respondents,
almost all (78%) students who had graduated were pur-
suing advanced degrees in either graduate or veterinary
school (Figure 1). Areas of discipline include swine nutri-
tion and feed science, both of which have direct impact on
commercial swine production. Many students noted that
completing undergraduate research was a relevant decid-
ing factor in their desire to continue education and helped
them select their field of study. This is similar to findings
by Lopatto (2004), who described that 83% of survey par-
ticipants planned to complete graduate studies. Further-
more, those who chose industry jobs acknowledged the
value of undergraduate research and learned that graduate
school was not in their current interest, which is a valuable
finding for a young person when making career choices.
Students acknowledged the opportunity to participate in
research before committing to graduate school, connecting
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TABLE 4 Responses from follow up survey for students who completed undergraduate research

“I am currently working at an Equine Hospital where I am able to use the problem-solving skills and other such skills, I learned
during my research here in my job.”

“This helped me gain a greater understanding of the work that goes into and the process of research. I have been able to demonstrate
my work ethics and knowledge to prospective employers as a result of completing an undergraduate research project.”

“My experiences helped me figure out I’m interested in a career in swine nutrition research, and also helped prepare me for an
internship where I was able to apply and further expand on what I’d learned.”

“I think this is a great opportunity for students to really get a feel for research and see if this is a career or post graduate field that they
would like to continue with.”

“I’ve gained a lot from working with my graduate student mentor and the undergraduate research coordinators I’ve interacted with;
working with them helped to develop some of my first connections within the industry. I also had the chance to engage with my grad
student mentor’s research beyond the trials I presented on, which helped broaden my research experience significantly, and he’s
also someone I’ve been able to ask for advice as I’ve been working to figure out my plans for grad school and my future in general.”

with the swine industry, and benefits of one-on-one time
with their mentor as strengths of the UGRP (Table 4).

3 CONCLUSION

The development of a swine-specific UGRP has allowed
the KSU applied swine nutrition team to increase contri-
bution to undergraduate research goals of the department
and university and seek out potential graduate school can-
didates. Students who have completed the program cite
critical thinking, exposure to research practices, experi-
ence with pigs, and career selection as useful benefits of
the program. Undergraduates who complete the projects
regularly pursue graduate or veterinary school and often
remain connected to the commercial swine industry. This
approach can be applied to other animal science disci-
plines or applied science programs seeking to increase
undergraduate research experiences.
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