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Abstract
]

Developing undergraduate student skills in conducting
research and communicating findings in the emerging area
of integrated agronomic systems is increasingly important.
Undergraduates in agricultural colleges are often trained in
individual facets of their disciplines and not necessarily in
research and extension activities in integrated agronomic
systems. To address this, we hosted 24 undergraduate
students for 10 weeks in three summers (2016, 2017, and
2018) at the University of Nebraska-Lincoln. The students
conducted research experiments in cropping systems,
forage systems, and soil science, and participated in
workshops and extension activities. The scholarly outputs
included extension articles and poster presentations at
national meetings. We assessed their response to research
and extension involvement through pre- and post-internship
surveys with survey questions on a 5-point Likert scale of 1
(strongly disagree) to 5 (strongly agree). The post-internship
survey showed interns valued the social aspects of the
program, research products, and presentation of research
findings. The interns also valued integrating theory into
practice, exploring scientific literature, interpreting research
data and others although the mean rating decreased by
-0.01 to -0.92 points between pre- and post-internship
surveys. Students scored extension activities high, gaining
54 to 63% in confidence after shadowing extension
educators and networking opportunities. Interns perceived
importance in working with their faculty mentor and other
interns and faculty. The post-internship survey showed that
the internship instilled a greater interest in careers related
to agriculture and 57% enrolled in graduate school. Overall,
internships enhance research and extension skills of
undergraduate students in integrated agronomic systems.

Introduction
]

Developing professional skills of undergraduate students
in agricultural science is increasingly important. Between
2018 and 2028, the need for agriculture and food scientists
and technicians is expected to increase 6 to 7% faster than
the average for most careers (BLS, 2020). Indeed, for 2020,
the average estimated number of graduates (35,000) is
lower than the average estimated number of jobs (60,000)
for high-skill agricultural jobs (USDA, 2015). Thus, a need
exists for attracting students to agriculture and similar fields.
One way to attract students to these fields is by offering
well-designed internship programs.

Undergraduate curriculum often focuses on coursework.
As such, it may not instill rigorous research training in field
and laboratory work nor strong research and extension
communication skills (Blanco-Canqui et al., 2018; Field et
al., 2017; Krzic et al., 2015; Hartemink et al., 2014). Properly-
designed undergraduate internships can be an effective
strategy to teach research and extension communication
skills while networking with peers and professionals in an
applied learning context. While benefits of internships for
hands-on experiential learning, exploring potential new
careers, and increasing chances for employment in different
disciplines are well known (Hynie et al., 2011; Good et al.,
2013; VanMeter-Adams, 2014; Binder et al., 2015; Howell
et al., 2019), most internships only prepare students for one
facet of their chosen field and not for integrated and multi-
disciplinary careers. For example, many undergraduate
research internships focus on research and not on the
combination of research with extension activities, such
as shadowing (Hansen et al., 2019). Crop consultants,
researchers, extension personnel, and others often have to
integrate a variety of skills and disciplines in order to make
proper recommendations.
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Literature on internships in physical and life sciences
including human nutrition and food sciences shows students
typically view the internship positively and report increases
in skill proficiency (Kardash, 2000; Good et al., 2013). For
example, Kardash (2000) reported that undergraduate
students who interned with physical or life science faculty
self-reported an average skill improvement of 20% across
13 research skills. As another example, interns in human
nutrition, foods, and exercise sciences, reported increased
ability to conduct research, somewhat increased ability
for public speaking, and no change in their abilities of
writing or understanding statistics in pre and post program
surveys (Good et al., 2013). Similar data from internships
in agricultural research integrated with extension is lacking
(Kardash, 2000; Good et al., 2013).

One research-based agricultural internship showed
that internships can improve student research skills (Marsh
et al., 2016). For example, after their internship, interns
rated acquiring critical thinking, developing hypotheses,
conducting literature reviews, solving a research problem,
managing data, and gaining communication skills 23%
higher (Marsh et al., 2016). Similarly, extension internships
can be beneficial for undergraduate students (Rogers et al.,
2001; Wilken etal., 2008; Muscio, 2011; Grotta and McGrath,
2013). For instance, Musico (2011) found that extension
internships improved skills in the use of spreadsheets or
databases, presentation skills, and other select skills in
80% of interns. Yet, the internships discussed previously did
not integrate research with extension across different facets
of agriculture including crop science, forages, livestock, sail
science, and others.

It is also essential to assess the effectiveness of an
internship (Muscio, 2011; Grotta and McGrath, 2013; Good
et al., 2013). Pre- and post-internship surveys can be a
method to assess how integrated agriculture internships in
research and extension benefited students. In this study, we
assessed how undergraduate intern responded to research
and extension activities through pre- and post-internship
surveys with the ultimate goal of the interns transitioning to
graduate school in an agronomic, crop, and soils research
area.

Materials and Methods
]

We recruited 24 interns with an interest in agronomic,
crop, plant, soil, or related sciences from land grant
universities, community colleges, and minority-serving
institutions across the US to participate in a 10-week
summer research and extension internship over three
summers (2016, 2017, and 2018) at the University of
Nebraska-Lincoln.

Student Recruitment and Selection

We used three strategies to recruit students for our
internships. First, we contacted some of our colleagues in
other universities to encourage their students to apply to
this internship program at University of Nebraska-Lincoln.
Second, we placed announcements with the American
Society of Agronomy (ASA), the Soil Science Society of
America (SSSA), and the Crop Science Society of America
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(CSA). Collectively, these organizations represent more
than 12,000 members, many of whom are affiliated with
colleges and universities. Third, we collaborated with the
Nebraska Summer Research Program (NSRP) organized
by the University of Nebraska-Lincoln Office of Graduate
Studies. The NSRP hosts a website with program information
and a centralized application platform to recruit applicants
through direct contact with undergraduate programs across
the country, particularly minority-serving institutions. Some
of the benefits of the internship being connected to NSRP
are that interns were housed together in dormitories, which
allowed interns from different disciplines to connect, attend
seminars, and travel together, and allowed for another
opportunity for the interns to share their posters.

Applicants submitted a cover letter detailing their
experience in research, plant science, soil science,
agronomy, or related fields, future plans, curriculum vitae,
college transcripts, and two letters of recommendation.
Applicants also responded to two questions: “How would
this research experience help you to meet your educational
goals?” and “Describe your previous experience and/or
personal strengths that would benefit a research team?”. We
invited up to 10 students to participate each summer based
on the following criteria: passion and intellect in agronomic,
crop, plant, soil, or related sciences; interest in earning an
advanced degree (Master’s or Ph.D.); and possession of
diverse talents and skills to bring to the research team;
displaying passion for research and/or extension work;
evidence of high academic achievement and preparation to
carry out research; evidence of teamwork and independent
problem-solving skills; and recommendations from faculty
regarding academic performance.

Among the interns, information from a faculty member
at their home institution was the primary way they learned
about the internship (n=12, 50%). Several interns also
mentioned receiving an email from University of Nebraska-
Lincoln about the program (n=9, 38%). A few interns
mentioned learning about the internship by conducting a Web
search (n=4, 17%), outreach from a University of Nebraska-
Lincoln faculty member (n=2, 8%), or encouragement from
a previous intern (n=2, 8%). Due to the sample size and
sample selection process being purposive, the results
should not be generalized beyond the sample.

Table 1 summarizes the interns’ demographics. The
interns were primarily female (n=21, 88%), white (n=15,63%)
and junior (50%) or senior (42%) students (Table 1). Seven
(29%) interns indicated they were eligible for a Pell Grant
at their home institution. Most of the interns (n=14, 58%)
had previous research experience prior to the internship.
Many of the interns (n=7, 29%) had prior experience with
extension programs as 4-H members. The high percentage
of female interns was potentially due a variety of factors.
First, the intern pool may have had more qualified female
than male applicants. For example, Lewin (2006) discusses
how females are more conscious of how they appear on
paper and work harder in their classes than males. Second,
females have traditionally been underrepresented in STEM
fields, a trend that has persisted in some STEM fields like
agriculture (Xu, 2016). Thus, in order to facilitate female
enrollment in STEM fields, those with interest and/or those
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that display a certain propensity for the field, are highly
encouraged to pursue those degrees (Xu, 2016). Third,
males may have different preferences or career goals after
graduation, and may prefer to enter the workforce directly.

Student Learning Outcomes
Our learning outcomes for the summer research
internship included:

1. Interns will understand integrated agronomic
systems (i.e., use of cover crops and annual
forages in corn and soybean cropping and pasture
systems).

2. Interns will learn how agronomic experiments
are designed and arranged in corn and soybean
cropping and pasture systems.

3. Interns will learn how to measure and analyze
fundamental agronomic variables such as stand
establishment, crop phenology, vegetative cover,
species identification, and soil properties.

4. Interns will learn how to develop an extension
case study to address a specific concern from
producer. In developing the case study, interns
will learn how to frame the concern as a question,
conduct an appropriate literature review to identify
evidence-based practices, identify experts in the
field to consult with regarding their findings, and
communicate their findings with the producer.

5. Interns will learn how to effectively communicate
about their extension and research work verbally
and in writing.

Integrated Agronomic Systems

Soil Management

Row Crops and Cover
Crops

Annual Forage Grasses
and Legumes

Perennial Grasses

Does Cattle Grazing of Cover Crops
Compact Soil? an Analysis of
Existing Literature and Short-Term
Data

Assessing Cover Crop Effects on Soil
Health Parameters

Do Cover Crops Ameliorate Corn
Residue Removal Impacts on Wind
Erosion?

Temporal Changes in Greenhouse
Gas Fluxes and Related Soil
[Properties Under Long-Term Tillage
Systems

Can High-Carbon Char Improve
Soil Properties?

How Does Cover Crop Planting Date
Affect Soil Erodibility in Corn
Rotations?

Impact of Cover Crop Management
on Carbon Sequestration

Carbon and Nitrogen Content of
‘Winter Cover Crop Dry Matter

What Are the Remnant Effects of
Rye and Oat Cover Crops on Corn
Development?

Non-Irrigated Corn Growth &
Development Following Cover Crops

Corn Growth and Development
Following Cover Crops

Corn Growth and Development
Following Cover Crops

Soil Microbial Community Changes
after Four Years of Rye Cover Crops

Harvest Effects on Switchgrass
Persistence

Seeding Rate and Weed Control Effects
on Indiangrass Growth and
Development and Forage Yield

Seeding Rate Effects on Forage Mass
of Sod-Seeded Sorghum-Sudangrass

Establishment of Binary Perennial
Legume-Annual Warm-Season Grass
Mixtures

Effect of Row Spacing on Switchgrass
Forage Yield and Nutritive Value

Establishment of Interseeded Annual
Warm-Season Grasses in Smooth
Bromegrass

Impacts of Burning, Disking, and
Spraying on Big Bluestem Forage Yield
and Nutritive Value

Influence of Cool-Season Annual
Grasses on Perennial Grass and

Do Switchgrass Barriers Improve
Legume Establishment

‘Water Infiltration Compared to Row
Crops?

‘Weed Control and Seeding Rate
Impacts on Indiangrass Establishment
and Persistence

Effect of Row Spacing on Legume
Establishment in Switchgrass for
Bioenergy

Figure 1. Integrated agronomic systems undergraduate summer research and extension program areas and projects conducted by the
summer interns.
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6. Interns will develop networks with other students,
government scientists, industry leaders, faculty,
and extension personnel in the field of integrated
agronomic systems.

7. Interns will learn specific skills necessary to apply
to graduate school.

Student Research and Mentoring

We paired student interns with one of four faculty
mentors specializing in row crops and cover crops, annual
forage systems, perennial grasses, or soil management.
Interns selected a topic to research in coordination with
their mentor that was original or supporting research (Fig.
1). Original research projects were those developed by the
mentor. Interns selected a topic to research in coordination
with their mentor that was either an original topic developed
by the mentor or a side project in support of an existing
research project that would otherwise not have been
accomplished (Fig. 1). Deconstructed research included
understanding the project by identifying hypotheses and
methods and analyzing the data in small portions as
described by Clark et al. (2009). Guided by their mentors,
technicians, postdoctoral associates, and graduate students
in the mentors’ labs, interns learned how to conduct a
literature review, the proper techniques for collecting plant
and soil samples, procedures for analyzing their data, and
how to communicate their results effectively. It is important
to note that given the growing season in Nebraska and
the summer program dates, interns sometimes conducted
analysis on data collected prior to their arrival.

Interns prepared a report and poster of their findings.
They presented the poster at three events: 1) Agronomy
Department summer research symposium, 2) a campus-
wide research symposium that showcased posters of all
university interns, and 3) the ASA-CSSA-SSSA International
Annual Meeting in the fall or winter after the internship. Our
program provided funding for interns to attend and present
their project at the International Annual Meeting. Throughout
the internship, interns were encouraged to assist each
other in all facets of research to exchange ideas, address
research questions, gain experience, build camaraderie,
and complete tasks. Table 2 details the program activities
over the course of the 10 weeks.

To enhance the learning experience, we provided interns
with tours of public, private, and federal research stations
throughout Nebraska as well as a series of professional
development workshops that included:

1. Corn and soybean cropping systems, cover crops,
crop residue management, soil management,
integrated  crop-livestock  systems, pasture
management, and climatic, economic, cultural, and
environmental challenges.

2. Developmental morphology and physiology of corn,
soybean, cover crops, and annual forages.

3. Crop establishment considerations including
species and cultivar selection, pH and fertility,
legume inoculation, seeding rates and depth, time
of planting, seeding methods, weed management,
and compatibility of species mixtures.

4. Crop residue management, cover crops, and
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perennial grasses and their implications on soil
conservation and other soil ecosystem services.

5. Experimental design, an overview of the scientific
method, developing hypotheses, defining the
inference space, selecting factors to be studied,
selecting variables to be measured, selecting
experimental units, developing the layout, writing
the model, and specifying the analysis.

6. Weekly seminars for interns to enhance their
knowledge of research fundamentals and current
literature, how to make effective presentations,
provide feedback on presentations by interns, and
enhance their scientific writing skills.

Student Extension Experiences

In addition to conducting research, interns were
engaged in several different outreach or extension activities
to gain knowledge and experience with the role of extension
education in integrated agronomic systems. These activities
included learning about web-based extension programming
through seminars and workshops, extension educator
shadowing for two days with a different educator each
day, touring farms in the University of Nebraska-Lincoln
On-Farm Research Network (https://cropwatch.unl.edu/
on-farm-research), and attending several other field days.
While shadowing an extension educator, interns toured
additional farms and learned about local soils, visited about
day-to-day activities, conducted crop stand counts, pest and
disease scouting, and diagnostics, and discussed different
approaches to stakeholder engagement (social media and
technology vs. publications vs. on-farm visits). The field
days on weeds, soil health, and crops facilitated participant
interaction and discussion with farmers, industry personnel
and presenters in addition to learning about the various
topics presented. The interns each wrote an extension
article for applied audiences based on their research project
which are available online (Fig. 1) (CropWatch March 15,
2019; CropWatch February 16, 2018; CropWatch November
18, 2016). The preparation of these articles allowed the
students to disseminate the results of their project to a
different audience than those for the research poster.

Assessment of the Research and Extension
Experiences

Matriculation to graduate school in a crop and/or soils
research area was one of the long-term goals for students
and the focus of our mentoring activities and student learning
outcomes. We measured interest in graduate school, along
with other skills related to research and careers in Science,
Technology, Engineering, and Mathematics (STEM) through
pre- and post-internship surveys. The NSRP collected
general survey data from interns through SurveyMonkey
(SurveyMonkey, 2019) in week one and week ten of the
internship. We collected supplemental survey data specific
to interest in extension through in-person paper and
pencil surveys during the same time frame, in addition to
conducting, pre-, mid-, and post-internship focus groups.
The survey was conducted using a 5-point Likert scale (1
through 5 scale with responses of 1 = strongly disagree, 2 =
disagree, 3 = neutral, 4 = agree, 5 = strongly agree).
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m Research Activities Extension Activities Professional Development

10

Begin work on research
projects

Learn about equipment used
in agronomic, crop, and soil
science research

Continue with research work

Continue with research
experiments and analysis of
data

Submit first draft of research

report and assist with research

projects of mentors

Submit final research reports
Complete final survey

Shadow an extension educator
Tour farms participating in
University of Nebraska-Lincoln
On-Farm Research Network in
southeastern Nebraska

Develop and practice of extension | « Tour Monsanto Water Utilization

presentations
Writing a CropWatch article

Learning Center at Gothenburg

« Deliver final presentation at
University of Nebraska-Lincoln
undergraduate research
symposium

* Attend student sendoff
celebration
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Fig. 2A-B. Intern responses to questions regarding their expected gains pre-internship and if the internship met those expected gains post-

internship. On a scale of 1 to 5 with 1 being “strongly disagree and 5 being “strongly agree.”
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Fig. 3. Student responses to questions regarding confidence in extension pre- and post-internship. On a scale of 1 to 5 with 1 being “strongly

disagree and 5 being “strongly agree.”
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4. My project was
appropriate for the
program time frame.

6. The amount of
advising was balanced
with independent work.

7. The mentoring I
received met my
expectations.

8. The project I
completed was what I
expected based on the
description provided

when applying.

5. My faculty mentor
was involved with my
summer project.

Fig. 4. Student agreement to statements regarding their interactions with their mentor and others and their specific research project. On a
scale of 1 to 5 with 1 being “strongly disagree and 5 being “strongly agree.

The pre-internship questionnaire included questions
on how confident the interns were in research skills
including conducting experiments, scientific writing, and
presentations, and in understanding extension as well as
how to present extension case studies. It also included
questions on what the students hoped to gain through the
experience including skills, social functions, and readiness
for the next phase of their careers. The final part of the
pre-internship questionnaire was about their current career
plans. The post-internship survey included the previous
questions plus questions regarding their project, their
interactions with their mentor and others, and general
questions about the program. The survey questions and
responses are shown in Tables 3-4 and Fig. 2-4.

Data Analysis

We downloaded data from SurveyMonkey and then
transferred it to the Statistical Package for the Social
Sciences (SPSS, 2019). We entered the paper and
pencil data directly into SPSS. We then computed means
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and standard deviation for each question by pre or post
internship. We did not use t-tests or other statistical
procedures to compare pre- and post-internship responses
due to lack of intern responses on some questions or lack of
response to the follow-up survey by some interns.

Results and Discussion
]

Intern Gains in Skills

Figure 2 summarizes participant responses to what they
expected to gain and what they actually gained in terms
of skills from the internship experience. Based on Fig. 2,
interns typically agreed with statements regarding various
aspects of the program or research skills in both pre- and
post-internship survey. The interns showed the greatest
gains (0.24 to 0.43 points) between the pre- (4.20 to 4.30)
and post-internship (4.44 to 4.73) surveys for statements of:
friendships with peers, relationships with graduate students
in the lab, and a research product worthy of publication or
presentation (Fig. 2A). The interns reported small gains
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(0.08 to 0.13) regarding presentation of research and skill
in contributing to a research team between the pre- (4.25
to 4.30) and post-internship (4.38) survey (Fig. 2A). These
responses suggest that the social functions of the program
(i.e., working with and time spent with the other interns
and graduate students) and having an end-product from
the internship were highly valued aspects of the program.
The positive responses of our interns to having a product to
present (Lopatto, 2007) and various other social functions
of the program are similar to those in other STEM fields
(Sloan et al., 2016).

While not directly related to gains in skills, three
statements: letter of recommendation for graduate school,
tolerance for research obstacles, and clarification of career
path showed no change between the pre- and post-
internship surveys (Fig. 2A-B). The lack of change in these
questions may be due to the already high agree response
(>4.00) in the pre-internship survey.

Several questions regarding expected gains (questions
9-16, Fig. 2B) were rated -0.14 to -0.92 points lower in
the post-internship (3.53 to 4.13) than pre-internship
survey (4.20 to 4.65). The statements with the greatest
rating reductions between pre- and post-internship were:
confidence as a researcher (-0.50), ability to conduct
research independently (-0.71), and knowledge of laboratory
techniques (-0.92), which may indicate that a 10-week
program or how the program is structured is not sufficient to
allow gains in these particular areas. It is interesting to note
that skills in interpreting results, literature comprehension,
and readiness for more demanding research showed
<10% reductions in expected gains. Many of the internship
participants had prior research experience, which may
explain the small gains in some research skills. However,
the rigor of the combined research-extension internship may
have surprised some participants leading to the reductions
in expected gains at the end of the internship. The minimal
or lack of gains in some research skills in Table 3 is in line
with intern responses in other disciplines (Kardash, 2000).

Regarding extension, the interns began the internship
rating skills in extension (Fig. 3) 1.46 to 1.83 and knowledge
and familiarity as 2.71 to 2.96. However, by the end of the
summer, the interns showed 0.04 to 1.12 point increases in
confidence in preparing an extension paper for publication,
developing an extension case study, and giving effective
extension presentations. These gains were likely due to the
first hand experiences gained by writing an extension paper
which was subsequently published online and by giving an
extension presentation. However, the interns reported only
small gains in familiarity with extension skills, knowledge,
and the role of extension, which may in part be due to
the observational (passive) role of shadowing versus the
experiential (active) role they had in writing the CropWatch
article.

Student Assessment of Mentorship,
Interactions with Others, and Their Specific
Projects

Figure 4 summarizes student response to statements
regarding mentorship, interactions with others, and their
specific project. Interns generally agreed (3.50 to 3.81)
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that their mentor was accessible, a benefit, communicated
regularly, and was interested in working with them. These
perceptions were accomplished through weekly meetings
with the interns and the integration of the interns into the
greater research group of each mentor, which increased
the number and diversity of intern-researcher interactions.
Further, mentors often worked directly with the interns
on sample collection, analysis, data management, and
development of the poster. Interns responded neutrally to
agree (3.5 to 3.8) on questions regarding how involved
the mentor was in the project and that the mentoring met
expectations. The lower response to these questions
suggests further mentoring and involvement may be needed
in some cases.

It can be difficult to determine the level of mentorship
each participant required in the first couple weeks of the
internship. However, careful discussions of related activities
on their resume or curriculum vitae may elucidate the level
of mentorship needed by each participant. For example, an
intern who was involved with soil or crop judging but not
with research, likely has stronger background in those areas
and may need more mentorship in research. By contrast, an
intern that had previous research experience in a laboratory
but did not have soil or crop management experience
may need more mentorship in field data collection and
operations. Studies evaluating animal science student
response to mentors during internships have reported that
learning plans developed by the intern can facilitate learning
in internships (Anderson, 2015). Further, in medical fields,
others have reported that frequent contact between the
mentor and intern fosters learning and ensures the intern is
on track to complete tasks in a timely manner (Howell et al.,
2019). The previous studies from medical fields on mentor-
intern interactions supports our findings.

The interns rated working with the graduate students
and post-doctoral associates as well as interaction with
other students in the program as 4.0 to 4.5 (Fig. 4) and
indicated it improved their overall experience. These
responses or perceptions were accomplished through
integrating the interns within their respective research
groups. These interactions allowed the interns to discuss
graduate school experiences with the graduate students
and post-doctoral associates, allowed for further mentorship
opportunities, mentorship of a different style, and first-
hand learning opportunities. For example, in at least two
of the research groups, the interns worked extensively
with a post-doctoral associate or graduate student on their
project. The interns appeared to have better experiences
when they worked collaboratively on similar projects than
individually. For example, in year 1, the two interns in the
soil management group worked on separate projects and
had little collaboration between them. However, in the same
group in year 3, the two interns worked on different aspects
of the same project, often analyzing samples together.

Interns agreed (3.8) that their projects were appropriate
for the time frame (Fig. 4). Interns did, however, respond
more neutrally (3.5) to the project being what they expected
based on the description provided when applying (Fig. 4).
The mentors met with their interns shortly after their arrival
to pair the intern with an appropriate project. The lower
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rating on the question regarding the project description
matching the intern’s expectation likely reflects changes
to the availability of the project or the intern selecting a
different project based on discussions with their mentor. For
example, two interns switched research work from forages
to soil management projects within the first couple of weeks
of the program.

Career Goals and the Overall Internship
Experience

Table 3 summarizes participant responses to questions
regarding career field selection pre- and post-summer
research internship. Prior to the summer internship, the
interns did not plan to or were unsure about pursuing a
career in agronomy, agriculture, integrated agronomic
systems, soil science, or extension. However, after the
internship, participant ratings of plans to pursue a career
in agriculture increased by 0.60 and extension by 0.05
points. This increase suggests the internship positively
affected their outlook on careers in agriculture. Two yes or
no questions regarding future plans in terms of graduate
school and extension careers were also included in the
questionnaire. After completing the internship, seven interns
were considering an extension career, three were planning
on an extension career, eight were in graduate school, four
were planning on graduate school, and one was considering
graduate school. Only one participant responded that
they were not considering an extension career, and one
responded they were not planning on graduate school.

Table 4 describes participant responses to statements
regarding the internship overall. The interns responded
neutral to agree (3.54 to 3.64) that the internship
improved understanding of research in the field, improved
professional development, and gave broader understanding
and interest in research in their field. They responded
more neutrally (3.15) that the internship increased interest
in commercialization of ideas and technology in the field.
These data indicate that the program did slightly improve
intern understanding of research, interest in the field, and
professional development.

Challenges and Potential Solutions

The internship program provided guidance and many
positive experiences for the interns; however, the program
was not without challenges. The first challenge was
determining the skills and backgrounds for each intern, so
mentoring could be tailored appropriately. For example,
some of the research interns had little experience in soils or
agronomy and needed more mentoring and support in these
aspects. Others, however, had extensive soils knowledge
through participation in soil judging or other activities but did
not have research experience. Knowing prior skillsets and
background is therefore critical to targeting and enhancing
the research experience and knowledge gained by the
interns.

A second challenge is the short timetable for the
internship. A typical graduate research program lasts 2
years for a Master’s degree and a typical college semester
runs about 15 weeks. Our summer research internship was
only 10 weeks (Table 1), indicating that the project had to
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fit within the days allocated to research or extension while
remaining days were allocated to tours or other activities.
The time split often left about 3 days per week for research
activities. Further, the interns started in early June, after crop
planting, cover crop termination, and typical soil sampling
periods, and the interns completed the internship in mid-
August, before crop harvest. This meant that the interns
often missed some of the critical periods of plant or soil
data collection. The short time table also led to compressed
windows for completing statistical analysis and tended to
reduce learning opportunities for statistical analysis toward
the end of the program. Creating the posters was a time-
consuming activity and was often the first poster the majority
of the interns had created, which did increase stress and
frustration for some interns. Scaling back on the amount
of data collected and increasing time for statistical analysis
and interpretation would be beneficial for future internships.
Alternatively, a blend of data given to the participant plus
some they collect during their internship could be a potential
compromise.

A third challenge is the mentor-mentee relationship.
This included differences in expectations and tolerance to
perceived stressors, such as the completion of the poster.
The differences in expectations could be alleviated through
the same clear expectations delivered from all mentors
and by encouraging the interns to tackle the larger tasks in
smaller pieces.

The fourth challenge is following-up with the interns for
the post internship surveys. The email addresses students
gave at the beginning of their summer research experience
were typically their college emails. These emails often
expire 6 to 12 months after graduation, which, along with
lack of response, can make following up with the interns for
the post internship surveys difficult.

Conclusions
]
This study on the perceptions of 24 summer experiential
research and extension interns in a 10-week summer
integrated agronomic systems internship showed that, in
general, the internship enhanced skills of undergraduate
students. Participant perception of having a research
product to present and skills in presenting research
improved between the pre- and post- internship surveys.
However, interns reported no gains in confidence regarding
certain research skills (integrating theory into practice,
comprehending primary literature, and interpreting results)
suggesting the 10-week internship is not sufficient to teach
all aspects of research effectively. The extension aspects of
preparing paperforpublication, developingan extension case
study, and giving effective extension presentations showed
the greatest gains in confidence. Interns sometimes found
their research project different from what they expected but
typically rated their experience with their mentor positively.
The social aspects of the internship, including collaboration
among interns and working with graduate students, post-
doctoral associates, and technicians were rated very
positively by the interns, suggesting that a multi-mentor
approach can be useful. The research and extension
internship also appeared to increase appreciation for
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agriculture as there was a 0.60 point increase in favorability
for taking a job in this field. Overall, integrated agronomic
systems internships that allow for experiences in research
and extension can improve skills of undergraduate students
in these areas.
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