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1 Introduction 
 

...liberal education elevated their 
understanding to all things, and 
empowered them to cut through 

the knots of all problems possible 
of solution; and finally, that 

liberally educated persons did not 
need the help of a teacher in order 

to understand the meaning of 
books or to find the solutions of 
questions. Such people, in other 

words, were free in that they were 
intellectually self-reliant. 

George McCully 1973 
 
ChatGPT gained 1 million users in under a week (Mollman 2022). Those users found a bot with 
capabilities ranging from writing short stories, answering undergraduate essay questions convincingly 
(Hern 2022), writing functional software (Fernandez 2022), and writing convincing software 
development advice (Masad 2022). Currently, these generative artificial intelligence (AI) tools such as 
ChatGPT are not capable of generating completely new or original ideas (Putra et al. 2023); however, 
advancements in the tool have given it the ability to pass the Uniform Bar Examination (Weiss 2023; 
Katz et al. 2024). More recent reassessment has reduced the margin of pass (Martínez 2024); however, a 
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In agricultural fields, automation is rapidly increasing, and the needs of employers are increasingly 
shifting toward integrating skills in data analysis and effectively collaborating and communicating with 
colleagues and stakeholders. Preparation for an increasingly integrated world must challenge graduates 
of agricultural programs beyond their traditional silos to gain an integrated understanding of skills and 
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integrative model where students gain experiences and professors facilitate their education more than 
talking at them for three hours per week. Here, we call for a transdisciplinary approach to education in 
agricultural economics where students are presented with opportunities to develop technical skills in 
data science and analytics and experiences to develop soft skills to ask questions and effectively 
communicate results. These skills will make graduates more competitive in the workforce as more data 
become available and more production will be needed while increasingly minimizing the ecological 
impact. 
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passing grade is impressive. ChatGPT may or may not be the doom many imagine (Hendrycks 2023; 
Rainey 2023), but the information and decision-making landscape is rapidly changing.  
 The workforce is in a transition period where many who cannot do uniquely human jobs may find 
themselves replaced by automation or AI (Manyika et al. 2017). Jobs heavily reliant on human relations 
or soft skills will likely be some of the last remaining jobs (Pink 2012). Pink’s (2012) central theme was 
that all jobs are sales jobs and that effective sales require a human touch. Adapting to this landscape 
requires that we instruct our students on their technical disciplinary skills as well as how to use 
generative AI tools (Dempere et al. 2023; Yu 2024; Tayan et al. 2024; Vargas-Murillo et al. 2023; Wu 
2024), reinforce critical thinking skills (Aithal and Aithal 2023; Hsiao, Klijn, and Chiu 2023; Rasul et al. 
2023; Wu 2024), and develop uniquely human skills, often referred to as soft skills (Aithal and Aithal 
2023; Chiu 2024; Rasul et al. 2023). 
 Decision-makers now have access to ever-growing volumes of data with varying levels of quality 
(Woodard 2016), accompanied by advancements in processing capabilities and AI. Graduates of 
departments of agriculture, agricultural economics, and agribusiness need to be provided with the tools 
to succeed in this changing world. This manuscript seeks to address this gap by (1) defining 
transdisciplinary education and its relevance to agricultural economics, (2) illustrating the advantages of 
integrating data science into agricultural economics education, and (3) proposing a model curriculum 
for implementing transdisciplinary education to prepare graduates for the challenges of the twenty-first-
century workforce. 
 

2 Transdisciplinary Education Defined 
Transdisciplinary education transcends traditional disciplinary boundaries, fostering an 
interrelationship between scientific disciplines and societal needs. Unlike interdisciplinary education, 
which involves cooperation among disciplines to create coherence, transdisciplinary approaches 
integrate perspectives from academia and society to address complex challenges holistically 
(Alvargonzález 2011). This broader framework enables students to tackle real-world problems through 
collaboration, role-sharing, and consensus-building (Jasani 2019; Daneshpour and Kwegyir-Afful 2022). 
 Training students in transdisciplinary practices equips them with the mindset and tools to 
navigate challenges that demand knowledge from diverse domains (Yeh 2016). This participatory 
approach requires active involvement in all stages of problem-solving, distinguishing it from more 
traditional, segmented methodologies. 
 In an interdisciplinary approach to science, each participant does their part. For example, if an 
agronomist, an animal scientist, and an agricultural economist were doing research on improved 
forages, the likely flow of work would be that each member of the team would contribute their 
disciplinary contribution, coming together only for common tasks such as introductions on grant 
proposals. Extending that approach to education, an interdisciplinary program maintains distinct 
disciplinary boundaries to portions of a curriculum.  
 Transdisciplinary education occurs when teachers create learning experiences that require 
students to integrate multiple disciplines and the community or stakeholders to achieve a solution 
(Guyotte et al. 2014). It requires flexibility at the university level; subject-matter experts still do 
teaching, but the instructors themselves need a transdisciplinary perspective to assist students in 
learning how to integrate knowledge in the various disciplines (Nicolescu 2005). 
 Data science spans disciplines by its nature. Data science as a term is not precisely defined 
(National Academies of Sciences, Engineering, and Medicine 2020) but is commonly understood to 
involve using data to answer questions in a way that is actionable. The National Library of Medicine’s 
definition emphasizes the use of knowledge from multiple disciplines, the purpose of the exercise is to 
solve a problem, and that the learned knowledge is communicated (National Library of Medicine 2022). 
Wickham, Çetinkaya-Rundel, and Grolemund (2023) claim data science “allows you to transform raw 
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data into understanding, insight, and knowledge.” Statistical learning, database management, and 
parallel computing are all important components to an education in data science (Dyk et al. 2015; 
National Academies of Sciences, Engineering, and Medicine 2020). No consensus exists on the 
foundations of data science or what a data science program should consist of; however, it is expected 
that as consensus emerges, it will depend on institutional contexts and opportunities (National 
Academies of Sciences, Engineering, and Medicine 2020). The importance of domain expertise in data 
science separates the concept from pure computer science or statistics, and most curriculums have a 
collaborative practicum as a core component (National Academies of Sciences, Engineering, and 
Medicine 2020). 
 

3 Advantages of Transdisciplinary Education in Agriculture 
Academic disciplines, including agriculture, business, and engineering, emerged in response to unmet 
societal needs rather than as a result of intentional design. The evolution of agricultural disciplines, for 
instance, is deeply intertwined with the history of land-grant universities, which were created—albeit 
controversially—to address educational gaps (Sorber 2018). These universities aimed to provide 
practical education, distinct from manual labor training, to prepare leaders for American industry and 
science (Gilman 1867). Still rooted in classical education, such institutions included applied sciences as 
societal needs shifted.1 

Agricultural economics exemplifies how disciplines adapt to serve society. Traditionally housed in 
colleges of agriculture rather than business or arts and sciences, it emerged due to a lack of interest in 
agriculture by traditional economists and the availability of applied research funding (Warren 1932). 
Early leaders in farm management were agronomists, reflecting the focus on applications practically 
relevant to the major stakeholders of the era (Warren 1932; Runge 2006). Today, maintaining relevance 
to stakeholders is crucial as the discipline faces pressures from constrained university budgets (Just and 
Rausser 1993). 

Universities must balance liberal arts traditions with career-focused education. Graduates should 
not only possess applied knowledge but also the ability to independently learn and adapt (Crawford and 
Fink 2020), hallmarks of a robust liberal arts foundation (McCully 2018). This dual focus ensures 
disciplines continue to evolve while preserving the advantages of their historical frameworks. 

The application of data science to agriculture is attractive from multiple perspectives, both in the 
undergraduate and graduate space. The obvious technical skills are only the beginning. Crawford and 
Fink (2020) identified eleven skills that are critical growth areas for agriculture and natural resources 
graduates. The skills ordered by Mean Gap Rank from highest to lowest employer-based on a mean 
importance-preparedness gap are listed in Error! Reference source not found.. Many of the skill gaps i
dentified by Crawford and Fink (2020) are “soft skills.” A transdisciplinary approach (integrating data 
science in agriculture, etc.) would address these skills gaps through their collaborative and integrative 
nature. Embracing the transdisciplinary approach means that all participants are involved in all parts of 
a project, rather than parting the project out to individuals. Achieving consensus requires soft skills, and 
transdisciplinary projects provide opportunities to develop and practice those skills. 

At its core, data science is the application of statistics to an applied problem, communicated in a 
way that decision-makers can understand (Dyk et al. 2015;  

 
1 Gilman (1867, p. 27) proposes a vision for the newly created land-grant university as a national system of universities of 
science. As part of his concluding remarks, “This leads us to a final remark, We trust that the managers of the National Schools 
of Science will feel that a great responsibility rests upon them to maintain these institutions on as elevated a plane as the 
means at their command will permit. We do not think it likely or desirable that they should train young men to go back and 
labor with the hoe or the anvil. They are rather to train men by scientific courses of study for the higher avocations of life, and 
especially to take charge of mines, manufactories, the construction of public works, the conduct of topographical and other 
scientific studies—to be leading scientific men.” 
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National Academies of Sciences, Engineering, and Medicine 2020). One should expect a properly 
designed curriculum to address skills such as “Identify and Analyze Problems,” “Communicate Accurately 
and Concisely,” and “Listen Effectively.” The transdisciplinary approach pushes students to 
collaboratively apply knowledge outside of their disciplinary silo (Godemann 2008; Flores, Soto and 
Holliger 2012; Jasani 2019). In their description of shifting into a transdisciplinary pedagogy, Clarke and 
Ashhurst (2018, p. 153) wrote, “it is even difficult for us to be clear about which disciplines we are 
combining, given that our primary focus is on the problem rather than disciplinary knowledge.” To do 
that, students must learn to “ask good questions” and must have the disciplinary “pliability” to 
understand how to apply disciplinary knowledge to problems that defy disciplinary definition (Prior, 
Cusack, and Capon 2018).  

The collaborative nature of transdisciplinary approaches helps students develop soft skills (Flores 
et al. 2012), like those listed in Table 1. For example, if students are tasked with developing a solution to 
a food security crisis or similar “wicked problem” (see Worosz, Farrell, and Jenda 2020) all of the 
members of the group would educate themselves on the particulars of the food security crisis and then 
come to consensus on the nature of the problem. Only then, students can form a hypothesis, analyze data, 
and propose a solution—again, coming to a consensus at each step. Wicked problems by their nature are 
ambiguous and multiple or no solutions may exist (Worosz, Farrell, and Jenda 2020). This process of 
learning requires asking good questions, listening effectively, and communicating accurately and 
concisely as some students would certainly grasp different aspects of the problem at differing levels. 
Some students may have previous research or life experience that would provide insight for the group to 
transfer into this problem. Once understood, the problem can be identified and analyzed, and the effects 
of proposed solutions can be understood. The intense communication required to reach a consensus is a 
key part of the process. It requires conflict negotiation, and if there is a hierarchy of the group, an 
understanding of each member’s role. Skills of timeliness, presentation, teamwork, accountability, and 
critical thinking are in demand from business and technical graduates, and transdisciplinary approaches 
to the curriculum can be part of the process of training technical and soft skills (Larson, Sanders, and 
Bohler 2021). 

Not only will graduates be better prepared than their peers to meet the outlined needs in 
Crawford and Fink (2020), but they will also graduate to strong demand in the workplace. Between 2020 
and 2025, the U.S. Department of Agriculture (USDA) expects 2.6 percent growth from the previous five 
years in already strong opportunities for students with interest and expertise in food, agriculture, 
renewable natural resources, and the environment (FARNRE) (Fernandez et al. 2020). Data science is 

Table 1: APLU Mean Gap Rank Ordered from Highest to Lowest Employer Mean 
Importance-Preparedness Gap 
Skill Identified 
Understand Role in the Workplace and Have Realistic Career Expectations 
Recognize and Deal Constructively with Conflict 
Accept and Apply Critique and Direction in the Workplace 
Listen Effectively 
Communicate Accurately and Concisely 
Realize the Effect of Decisions 
Build Professional Relationships 
Navigate Change and Ambiguity 
Identify and Analyze Problems 
Transfer Knowledge from One Situation to Another 
Ask Good Questions 

Source: Crawford and Fink (2020) 
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among the opportunities classified in the engineering and science category, where 46 percent of 
positions are not filled by graduates with degrees in FARNRE disciplines (Fernandez et al. 2020). 
Graduates with strong analysis and domain-specific skill sets will have opportunities.  

Agriculture and agricultural economics are natural domains for data science. Unprecedented 
challenges lie ahead to produce substantially more food with less environmental impact than in the past. 
Along with that unprecedented challenge are new opportunities in digital agriculture (Van Es and 
Woodard 2017). A transdisciplinary approach means that instead of developing an agricultural 
economist who writes code, agriculture departments build partnerships with the computer science 
department or whatever departments are needed to bring individuals to the project with the necessary 
skills and perspective to solve the problem at hand. This collaboration would integrate the disciplines to 
develop a true expertise in agricultural data analysis.  

 

4 An Example Program of Study 
As we are unlikely to remake the university model of colleges, schools, and departments, and students 
are typically inclined to like some subjects more than others, a transdisciplinary data science degree 
would be administered by departments. The institutional context will inform the exact form of a 
transdisciplinary data science program. The transdisciplinary distinction would be the intentionality to 
meaningfully integrate content areas brought to the classroom by faculty. The integration of content 
areas is fertile ground for offering more established certificates and minors, or micro-credentials and 
badges of all kinds, and those should be explored within each university’s individual administrative 
structure and the academy as a whole, as they have meaning to students (Gish-Lieberman, Tawfik, and 
Gatewood 2021).  

The transdisciplinary approach advocated in this manuscript is one of multiple tracks. In the 
simplest application, computer science majors get a basic understanding of the scale of challenges faced 
in the agricultural sciences, agricultural economics students get a basic understanding of data science 
and computational tools, and the two come together for a series of practicum capstone classes where 
they work in groups with real data to find answers to real-world problems. Students are more engaged 
with real problems provided by partners outside the university along with meaningful feedback on 
proposed solutions. Increasing complexity can be gained from adding partnerships with plant, animal, or 
food science students without leaving a typical college of agriculture, and an increased understanding of 
humanity can be gained through the integration of students majoring in humanities.  

In the application envisioned by the authors, students choosing to major in a computer science 
program with a data science emphasis would take a minor’s worth of agriculture coursework tailored to 
give the student a practical introduction to agricultural production and economics along with practicum 
and seminar classes described below. The computer science student’s mathematics requirement would 
already be sufficient, and a focused statistics course on data mining and or AI courses, or course 
sequence, could be substituted. As the audience of this article is primarily agricultural economists, this 
side of the partnership will not be further explored in this manuscript, and we will focus our attention 
on the students on the agricultural business track. 

Students choosing to major in an agricultural business (or applied economics, agricultural 
economics, etc.) program with a data science emphasis would take a minor’s worth of computer science 
coursework tailored to give the student a basic understanding of computer languages and infrastructure. 
Students in these programs would have to take more advanced mathematics and statistics courses than 
they would in a traditional agricultural business program.  
 In Figure 1, two curricula are represented; one is meant to be representative of a generic 
agricultural business program with a blend of courses required at various agricultural business 
programs. The second is a proposed agricultural data science program. Both curricula are approximately 
120 semester hours. Most agricultural business programs have either emphasis areas or substantial  
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Figure 1: Typical Agricultural Business Program Contrasted with Proposed Data 

Science Emphasis Program 
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room for disciplinary electives. This disciplinary elective or emphasis area is where most of the credit 
hours for data science and computer science are placed. Additionally, most curricula have math and  
statistics requirements. The math requirements for the computer science major are placed here. This 
math requirement may be too rigorous for some students, and over time, it might be worth working with 
computer science faculty to find out exactly what students need and to tailor a math series to be taught 
in the department like many departments teach the courses that follow college algebra. Many 
agricultural business programs require a basic computing course, this can be met with one of the 
computer science courses. This might also need adjustment over time, as students need a basic grasp of 
Microsoft Excel in upper-division agricultural business courses, and computer science courses will not 
teach that. Both curricula include a logic course to be taught in the philosophy department. This should 
be very helpful to meet the goals of teaching students basic reasoning skills.2 There is also room in the 
free elective space for a basic agricultural survey course where the industry is toured at its broadest 
level for students who may not be familiar with the breadth of the industry. 

The data science core includes courses meant to keep the students engaged and excited all four 
years with the freshman, sophomore, and junior year seminars. These could be used to supplement the 
more difficult computer science or mathematics courses or provide research opportunities for students. 
The intent for those courses is to make a place for students to build community, participate in seminars 
on soft skills, and to build computer and research skills. 

This coursework is then followed by a yearlong sequence of practicum classes. In these classes, 
students are mixed according to the student’s home unit as much as possible. Additional room can be 
found in the curriculum if the computer science department is willing to accept the practicum courses as 
part of the minor. Fully implemented, students from the humanities, education, and across campus are 
mixed, all bringing their unique skill sets and perspectives to bear. They are to be given a task, a real-
world problem to solve, that may not even have a solution. Each course can be a subsequently more 
difficult problem. The practicum course would be team-taught in that the professors representing the 
home units of the students in the class will be available to give guidance, but not lecture or give direct 
answers. Most universities have counseling centers that can deliver meaningful content on how to be a 
good group member, providing support as students develop soft skills. Students with programming 
problems should be encouraged to use stack exchange and any other resource available. Students with  
economic or agricultural problems will be expected to seek out reputable sources of information. 
Students are expected to contribute to and gain an understanding of each part of the project rather than 
simply dividing among group members. The closest example the authors are aware of is Virginia Tech’s 
Data Science for the Public Good Program (https://aaec.vt.edu/academics/undergraduate/dspg.html), 
although this is a summer internship program.  

 

5 Conclusion 
Our graduates have opportunities to do great work, but they must be trained in both the technical and 
soft skills critical to success in the workplace. This is just one way to address those needs in a 
particularly technical application. Not all of our students will be interested or able to complete a 
program like this, but the option should exist for students who are and can. Students will benefit from 
enhanced employability and problem-solving skills. Institutions will benefit from improved stakeholder 
relevance and support as well as the fruit of increased cross-campus collaboration. A partnership 
outside of typical disciplinary silos may provide an innovative way to meet those needs and answer the 
questions of tomorrow. Future research should focus on evaluating the outcomes of transdisciplinary 
education, particularly its impact on graduate employability and problem-solving capabilities in 
agricultural contexts. 

 
2 The authors are aware of a logic course requirement at the University of Missouri, but unaware of any other agricultural 
business programs with the requirement. 

https://aaec.vt.edu/academics/undergraduate/dspg.html
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