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WIP: Designing a program for convergent research in
Artificial Intelligence and Agriculture

Rapid global population growth and increased human consumption has put unprecedented
demand pressure upon agricultural systems [1], [2], [3]. Meeting the challenges posed by
weather, disease, and pests to meet this demand requires co-creating solutions across sectors that
call upon skills from the domains of engineering, fundamental plant science research, and
applied plant biology research through a robust convergence approach. Such an approach
requires researchers to engage in boundary-spanning work that overcomes historical disciplinary
silos and separation of knowledge, often necessitating the onboarding of advanced skills in
metacognition, knowledge integration, and management of interpersonal dynamics. Current
student training falls short of providing opportunities for academics to develop these
convergence research skills [4], [5].

The National Science Foundation defines convergence as “driven by a specific and compelling
problem” and showing “deep integration across disciplines” [6]. To achieve the latter, the fields
of Integration and Implementation Sciences (I2S) and Science of Team Science (SciTS) have
developed robust methodologies and tools [7], [8], [9]. However, for individuals to effectively
integrate knowledge across disciplines, they must be given the opportunity and resources to
invest in developing their own convergence capacity [10], [11], [12]. GRAD-AID for Ag, our
National Science Foundation National Research Traineeship (NSF-NRT), aims to provide this
training in the context of addressing the complex problem of sustainable agriculture through a
hands-on, project-based learning approach. PhD students from engineering, bioinformatics,
biomath, and plant and soil sciences work in cross-disciplinary teams to apply artificial
intelligence and machine learning to plant science research to develop solutions that will increase
the sustainability of row crop agriculture. In this paper, we will 1) describe the activities of the
first year of this program designed to help students develop convergence research skills and 2)
present evaluation data to demonstrate the effectiveness of these activities.

Convergence Training in GRAD-AID for Ag

GRAD-AID for Ag is a 5-year grant where two cohorts will participate in a 2-year training
program in which students develop a convergent-translational research project in cross-
disciplinary teams. This program was conceived to provide students with the skills and expertise
to design and implement these projects. In this section, we describe the first 6 months of this
program including how we curated a disciplinarily diverse cohort of students, implemented a 3-
week Summer Graduate Bridge Program, and taught a semester-long capstone course.

Student recruitment

Convergence research is complex and time consuming. Its success depends on the ability of the
participating researchers to navigate the uncertainty that comes with combining knowledge
across disciplines both individually and as a team. This can be particularly challenging for early
career researchers who are still developing expertise in their own disciplines [11]. While training
and structure in a program such as this NSF-NRT can increase the likelihood of success in a
convergent-translational team, students must possess the drive and motivation to overcome



inherent challenges in their work. The leadership team developed a rigorous process for selecting
the fellows that evaluated students beyond just their academic success to encompass 1) their
motivation and alignment with program goals; 2) perseverance, passion, determination, and
resilience; 3) career goals and impact of the program on them; 4) qualitative measure of
enthusiasm for the student by the rater. In addition to selecting students from a diversity of
disciplines, a mix of current and prospective students was chosen to encourage peer mentorship.

Summer Graduate Bridge Program

GRAD-AID for Ag began with an immersive 3-week summer bridge experience where the nine
fellows gained first-hand knowledge of the challenges faced by farmers and industry in the
agricultural sector. Field experiences such as this provide opportunities for students to develop a
foundation of community and shared knowledge that is key to subsequent brainstorming [13].
Building an intellectual community for effective convergence is essential in supporting strong
team function from the beginning of the program [14].

The first week was spent visiting regional biotech companies, including start-ups, single-product
focused research firms, and global agribusinesses (“industry week”). In their second week, the
fellows visited farms and agricultural extension stations, learning first-hand about the issues
facing growers and how they do or do not use data in their decision processes (“on-farm week™).
In the final week, students were cross-trained on data analytics tools and basic plant biology
(“Camp Converge”).

The purpose of industry week was to introduce students to different local businesses that engage
in agricultural research or support research with Al tools and allow the trainees to network with
the hosts to ask questions and learn more about their businesses, particularly how they may be
integrating Al into their research. The agricultural businesses engaged in all aspects of the
research pipeline from micro-cap businesses engaging in basic research that are supported by the
NC State Plant Sciences Initiative to multinational companies that engage in basic and applied
research in multiple lines of business along with product marketing and sales.

The primary objective of on-farm week was to expose students to growers and the issues that
they face. In addition, students were introduced to the work of agricultural research stations
operated by NC State and the North Carolina Department of Agriculture. The primary activities
of the week were to visit several farms in the “blacklands” area of NC, to visit research stations,
and the Blackland Farm Managers Tour. There was also a kayaking trip for recreation and
teambuilding. Lodging was in a central location for the week which allowed several members of
the leadership team and students’ advisors to participate with the students in a day or two of
activities and share meals.

Camp Converge was a four-day workshop where students learned basic phenotyping using corn
leaves collected at a research station during on-farm week and were introduced to several
software applications for data analysis. It allowed the engineering and data science students who
had no experience in basic biology protocols to learn basic lab skills and all students to learn
about Al tools available at NC State and from local companies.



Exploratory Course

Onboarding the cross-disciplinary knowledge as well as the metacognitive and integrative skills
that students need to complete a convergent-translational research project requires facilitated
skills development [8]. Therefore, following the Summer Graduate Bridge Program, students in
the NSF-NRT program enrolled in a semester-long exploratory course where they participated in
guided exploration of team formation, disciplinary methods, and convergence research skills.
The culmination of this course was a project proposal to address an industry or grower challenge
using advanced data analytics and basic and applied plant science research. The students will
spend the balance of their two-year fellowship working together on their project, culminating in
dissertation chapters for each student. Over the duration of this course, students participated in
classroom activities that demonstrate convergence competencies such as shared habits of mind,
systems thinking, and interpersonal team skills through a series of guest lectures. Lectures on
methods from 128, SciTS, and Systems Thinking were combined with hands-on brainstorming
sessions to develop projects in groups of three (one applied plant scientist, one basic plant
scientist, and one data scientist). Additionally, disciplinary knowledge was explored through
lectures given by each student's graduate advisor to demonstrate the methods their group uses
and the types of research questions they explore.

Assessment and Outcomes
Student Recruitment

The NSF-NRT received 84 applications from 14 basic plant scientists, 29 applied plant scientists,
and 41 data scientists. After initial scoring, 25 students were considered for the program. After
discussion of each candidate by the leadership team, 3 basic plant scientists, 3 applied plant
scientists, and 3 data scientists were selected. It was most difficult to find qualified basic plant
science students. The final cohort included eight women and one man in the disciplines of
Electrical and Computer engineering (2 students), Biological and Agricultural engineering,
Bioinformatics, Biomath, Soil Science, Crop Science, and Genetics (2 students).

Summer Graduate Bridge Program

At this point, the evaluation was exclusively formative. In this evaluation, the evaluator fully
participated in the experiences with the trainees as a participant-observer for the on-farm and
industry weeks. Participant observation permits the evaluator to understand a program to a
degree not possible from second-hand accounts, such as interviews [15, p. 23]. In addition to the
evaluator participating in the activities and taking contemporaneous notes, trainees were also
asked to respond to short daily surveys about each day’s activities and a longer survey at the end
of each week in which they reflected on the full week’s activities. Students were also asked to
reflect on the summer bridge experience during a focus group following the capstone course.

Industry week was fast-paced with students being introduced to the project, hearing from a panel
of start-up companies, visiting nine local businesses over 3-%2 days, and receiving professional
development. While the purpose was to learn about how the companies use Al in plant science



research, most visits tended to focus on one or the other, indicating to the students that there are
significant gaps that can be addressed with convergent research. Success metrics from this week
included whether students reported ending the week with a better understanding of how
companies apply (or do not apply) Al to plant science and if they left the week with additional
convergence research ideas. Many students reported high levels of success on both of these
metrics.

On-farm week afforded the opportunity for the students to see different approaches to farming,
from one farmer leasing several hundred acres to family farms up to 8000 acres. These visits
were evaluated based on student learning outcomes including 1) understanding the day-to-day
challenges farmers face that may or may not be solvable using Al and 2) understanding the
current ways that farmers use data to inform their decisions. Students reported ending the week
with a better understanding of how different farmers do or do not use data and technology to
make decisions about crop selection, fertilizing, weed and pest control, and the like. Students
also learned about the interconnectedness of farmers and farming with agriculture-focused
businesses such as seed producers and equipment makers. While not directly related to the
desired learning outcomes, students learned about issues farmers face such as pests, weeds,
fungi, and weather and how the farmers approach maximizing crop yield while minimizing costs.
With one exception, the farm visits were instrumental in helping the students to understand the
issues faced by farmers — particularly the engineering and data science students who did not have
a lot of experience around crops and farming. Additionally, visits to the research stations showed
students cutting edge agricultural research and how they partner with both NC State researchers
and area farmers to use data to make informed decisions. Students also reported that the
dormitory-style accommodations with communal meals during this week allowed them to get to
know each other and their interests better, meeting the goal of building community and shared
knowledge. Overnight visits from project leadership and the students’ advisors allowed the
students to get to know them informally and also occasionally provided guided reflection and
brainstorming opportunities.

Camp Converge gave the engineering students in particular some basic plant research skills
while introducing some Al tools. The students were left wanting more Al information and hands-
on activities around using the various tools. The most valuable session was one discussing a
particular data analytics tool.

The students were asked to reflect on the value of the summer bridge program following the
exploratory course and after the students had selected their projects. The activities of industry
week were directly related to one of the three projects while on-farm week informed the design
of another project. Overall, the summer bridge was considered to be a valuable experience,
particularly the first two weeks. The students were able to get to know each other and their
interests and develop relationships which helped them in the process of group formation, but also
in getting to know the other members of their cohort well whose expertise they could call on
when necessary. The students did not find Camp Converge to be as directly beneficial to the
design of their capstone projects. They suggested instead that the time would be better spent
visiting the labs of the project team to get a better understanding of the research process.



Exploratory Course

A focus group was held with the trainees in lieu of a normally scheduled class period at the end
of the semester. The purpose of the focus group was to 1) gather feedback about the organization
and structure of the course; 2) reflect on the value of the Summer Bridge program in light of the
experience in the course; and 3) gather feedback on group formation and the project proposal
process. The students appreciated the professional development sessions on resumé and cover
letter writing and informational interviews. They learned how to write a research proposal, which
they found quite challenging. They felt well supported by the course instructor (who is also the
project manager) in all aspects of the course and group formation. She was responsive to
feedback and provided deadlines and milestones, a brainstorming session, and a collaborative
planning contract to make them feel well prepared to work as a team. The process of identifying
a project and forming groups was somewhat of a struggle. The students thought that the groups
were formed too late in the semester, wishing they had come together in the first couple of weeks
rather than halfway through. As they were writing their project proposals, they sought input and
feedback from project faculty and their own advisors, which was not always timely, causing one
team to go down an unproductive path before being forced to change direction late in the
semester. Students suggested that a project mentor be assigned to each team to guide them
through the research because none of their individual advisors is able to help with these
convergent research projects. At the time of the focus group, the key concern for the students
was how they would manage to fit their ultimate projects into their dissertations. This will be an
ongoing focus of the evaluation as the students work on the projects.

Conclusions

While the first iteration of the student recruitment process, Summer Graduate Bridge Program,
and capstone course proved overall successful, there are a few key areas in which the program
will need to improve upon for the next cohort. The disciplinary diversity of the students and their
eagerness to engage in the challenging process of convergence research provided a key
foundation for the development of novel projects addressing key gaps in sustainable agriculture.
This foundation was bolstered by the 3-week intensive Summer Graduate Bridge Program where
students developed a shared intellectual space in which they felt comfortable brainstorming
nascent research ideas and evaluating their potential contributions. Following this program, the
exploratory course provided the structure students needed to develop these ideas into fully
realized project proposals.

To facilitate the project development process, the Summer Bridge Program and the capstone
course need to be adjusted to allow students more time for brainstorming and disciplinary
learning. In future cohorts, student teaming will be explored early on in the exploratory course to
build upon the experiences of the Summer Graduate Bridge Program. Additionally, more time
will be provided for students to explore alternative team structures to ensure they are able to
select the team that most aligns with their interests. This will also give the students ample time to
elicit feedback from mentors and more senior researchers early on in the ideation process.

This work is supported by the National Science Foundation, Grant No. 2345863



References

[1] P.M. Kopittke, N. W. Menzies, P. Wang, B. A. McKenna, and E. Lombi, “Soil and the
intensification of agriculture for global food security,” Environment International, vol. 132,
p. 105078, Nov. 2019, doi: 10.1016/j.envint.2019.105078.

[2] M. W. Rosegrant and S. A. Cline, “Global Food Security: Challenges and Policies,”
Science, vol. 302, no. 5652, pp. 1917-1919, Dec. 2003, doi: 10.1126/science.1092958.

[3] T. Tscharntke et al., “Global food security, biodiversity conservation and the future of
agricultural intensification,” Biological Conservation, vol. 151, no. 1, pp. 53-59, Jul. 2012,
doi: 10.1016/j.biocon.2012.01.068.

[4] K. Bourne ef al., “Research-to-action multidisciplinary projects: an undergraduate
convergence research course,” Humanities and Social Sciences Communications, vol. 12,
no. 1, p. 875, Jun. 2025, doi: 10.1057/s41599-025-05202-2.

[5] E.J.H. Spelt, H. J. A. Biemans, H. Tobi, P. A. Luning, and M. Mulder, “Teaching and
Learning in Interdisciplinary Higher Education: A Systematic Review,” Educational
Psychology Review, vol. 21, no. 4, pp. 365-378, Dec. 2009, doi: 10.1007/s10648-009-9113-
z.

[6] “Growing Convergence Research,” NSF’s 10 Big Ideas - Special Report. Accessed: Jun.
02, 2023. [Online]. Available:
https://www.nsf.gov/news/special _reports/big_ideas/convergent.jsp

[7] G. Bammer, “Integration and implementation sciences: building a new specialization,”
Ecol. Soc, vol. 10, no. 2, pp. 95-107, 2003.

[8] S. M. Fiore, “Interdisciplinarity as teamwork: How the science of teams can inform team
science,” Small Group Research, vol. 39, no. 3, pp. 251-277, 2008, doi:
10.1177/1046496408317797.

[9] D. Stokols, K. L. Hall, B. K. Taylor, and R. P. Moser, “The science of team science:
overview of the field and introduction to the supplement,” American journal of preventive
medicine, vol. 35, no. 2, pp. S77-S89, 2008.

[10] L. M. Bennett, H. Gadlin, and C. Marchand, Collaboration team science: Field guide. US
Department of Health & Human Services, National Institutes of Health ..., 2018.

[11] K. Bourne, M. Cuchiara, A. Deviney, D. Laxman, and C. O. Hendren, “Applying theory to
practice in a large research center: creating and implementing tools for building
convergence capacity in individuals and teams,” Frontiers in Psychology, vol. 16, p.
1639826, 2025.

[12] H. B. Love, J. E. Cross, B. Fosdick, K. R. Crooks, S. VandeWoude, and E. R. Fisher,
“Interpersonal relationships drive successful team science: an exemplary case-based study,”
Humanities and Social Sciences Communications, vol. 8, no. 1, p. 106, May 2021, doi:
10.1057/s41599-021-00789-8.

[13] K. Bourne and A. Deviney, “Using field experiences to generate transdisciplinary research
questions,” Integration and Implementation Insights. Accessed: Jan. 20, 2026. [Online].
Available: https://i2insights.org/2025/01/21/generating-transdisciplinary-questions/

[14] D. Stokols, S. Misra, R. P. Moser, K. L. Hall, and B. K. Taylor, “The Ecology of Team
Science: Understanding Contextual Influences on Transdisciplinary Collaboration,”
American Journal of Preventive Medicine, vol. 35, no. 2, Supplement, pp. S96-S115, Aug.
2008, doi: 10.1016/j.amepre.2008.05.003.

[15] M. Q. Patton, Qualitative research and evaluation methods 3rd. ed. Sage publications,
2002.



