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The animal science and production industry is one of the leading economic drivers of agriculture, generating approximately 250 billion dollars annually from cash receipts for animals and animal products (Farm Income Team, 2025). From livestock producers to animal nutritionists, the animal science industry has always played a vital role in supplying food to the world (Hartung, 2013). Despite the primary purpose of the animal science industry remaining intact today (Dunlap et al., 2019), the scope of the industry has evolved. This expansion of the industry has not come along easily; from advocacy challenges to environmental disruption and sustainability needs, the industry must constantly overcome various trials (Lamm et al., 2020). One of the most significant issues is the lack of a qualified workforce to address challenges in the animal science industry (Lamm et al., 2020). The International Labour Organization (2011) has stated that “the future prosperity of any country depends ultimately on the number of persons in employment and how productive they are at work” (p. 4). The same idea can be applied to industries: The future prosperity of any industry depends ultimately on the number of persons in employment and how productive they are at work. For the animal science industry to meet the needs of the 21st century, the industry must have access to a workforce with the skills and competencies needed to be successful. 

The combination of industry changes and lack of a qualified workforce indicates that a rigorous evaluation of animal science education is needed. By seeking ways to improve the education of future animal science employees, colleges and universities can prepare capable 21st century workers. Over three decades ago, Kauffman (1992) stated, “animal science curriculums not only should change, but must change, if they are to succeed” (p. 2593). In a modern and technology-enhanced world, we argue this statement is even more true in the animal sciences today. If the goal of the curriculum is to prepare students to contribute to a changing industry, then the curriculum should be consistency examined and updated to best prepare students for the workforce, while simultaneously meeting the current and future needs of employers. Competency and skill categories can broadly be defined into soft skills, personal qualities or skills from a social and emotional perspective, and technical skills, the job-specific knowledge and abilities needed to perform the duties of a job (Birt, 2025).  

The purpose of this study was to determine the skills and competencies that are needed for graduates of 4-year degree animal science programs to be successful as they enter the animal science industry. In consultation with the Animal Science Department in Herbert College of Agriculture at the University of Tennessee-Knoxville, we sought to identify these skills and competences to provide recommendations for curricular revisions for animal science undergraduate programs. Additionally, we sought to identify the experiences, beyond the required curriculum, that employers also valued. To fulfil the purpose of our study, we utilized a Delphi research method (Warner, 2014), using a panel of industry experts in the animal sciences. The objectives that guided are study were: (1) Determine the soft skills that animal science industry experts believe graduates of 4-year animal science programs need for success as they enter the animal science industry; (2) Determine the technical skills that animal science industry experts believe graduates of 4-year animal science programs need for success as they enter the animal science industry; and, (3) Determine the experiences external to the curriculum that animal science industry experts believe graduates of 4-year animal science programs need for success as they enter the animal science industry. 

Conceptual Framework

We used human capital theory (Becker, 1993) and the concept of Backward Design (Wiggins & McTighe, 2005) as the framework for our study. Human capital theory is the idea that “individuals and society derive economic benefits from investments in people” (Sweetland, 1996, p. 341). These investments include resources in health, nutrition, and education (Sweetland, 1996). According to human capital theory, investment in individuals’ education will improve their success and productivity in the workforce, thus enhancing economic productivity. Investments in education not only include access to education, but also the quality of education received, and exposure to an educational program that best aligns to the skills and competencies required in the anticipated discipline of work. The principle of Backward Design (Wiggins & McTighe, 2005) allows agricultural educators to develop curriculum based on desired learning outcomes. It begins by identifying what is desired for students to know. Then, working backwards, curriculum content and activities are developed according to the identified student learning outcomes (Diaz et al., 2018). All educational programs wanting to prepare successful, qualified graduates need a well-defined curriculum (Walsh et al., 2001). To accomplish this, educators should seek the human capital needs of the current industry to guide their curricular decisions. 

Prior research in the animal sciences has indicated that employers highly value and look for employees with soft skills. Bundy et al. (2021) conducted a study to understand the importance of various skills and experiences on student success in animal industries. The researchers found that, in the opinion of industry representatives, personal and team-based soft skills are the most necessary skills for success. A similar study seeking to find the most important skills for new professionals in the fed beef industry concluded that integrity, honesty, and dependability were most important to industry professionals (Williams et al., 2014). The importance placed on soft skills are not unique to the animal industry but have been identified as a critical need from employers across agricultural industries (Colclasure, 2020; Conner et al., 2013; Stone et al., 2025)  

While soft skills can be developed throughout a program’s curriculum (Otermans et al., 2023), specific courses can be design and scaffolded in the animal sciences to best develop students’ technical skills that are needed in the profession. In the animal sciences, Williams et al. (2014) found that skills such as spreadsheet use and technical competencies in the biological sciences are highly important to employers. The most important technical skills found in the study by Bundy et al. (2021) were understanding proper handling of animals and treating animals humanely. Slusher et al. (2010) found that high school graduates who participated in agricultural education courses in the animal science career pathway were expected by employers to be able to use basic math, practice farm safety, and understand animal needs. These prior findings on human capital needs of the animal science industry, prompted us to seek both soft and technical skills needed to inform curricular decisions. 

Methods

We conducted a modified Delphi study, where experts in a specific discipline are identified and recruited to become members of an expert panel in a digital format (Stewart, 2001). The panel contributes their knowledge, opinions, and perspectives in several rounds of surveys to form a consensus answering the phenomena under investigation (Warner, 2014). In this study, we identified animal science industry experts by seeking recommendations from animal science faculty in the Animal Sciences Department at Herbert College. The only criteria to be identified as a potential panel member was that the individual be considered as holding expertise in the animal science industry (non-veterinary) and whose opinion would be valued toward the hiring needs of 4-year animal science program graduates. Animal science faculty recommended 49 animal science industry experts, and all identified experts were recruited by email. An informational email was sent to the prospective participants. The email included the background, description, and purpose of the study along with a biography page of the researchers, and a request for their participation. Twenty-nine experts responded and agreed to participate, but two did not provide informed consent and were excused from the panel, leaving 27 animal science industry representatives. We believed 27 experts on our panel was ideal and was above Dalkey’s (2002) minimum recommended number of expert members (n = 13) to achieve reliability.  

The modified Delphi method we employed included three rounds of surveys delivered in August–October, 2025. The online survey distribution platform Qualtrics was used for each round of the study. Each round was conducted online and used the Tailored Design survey method (Dillman et al., 2014). Correspondence with survey links and follow-up notifications were sent online via email.

In Round 1, participants were asked three open-ended questions. These questions asked participants to list technical skills (job-specific knowledge and abilities), soft skills (personal qualities of an employee from a social and emotional perspective), and student experiences (experiences external to the curriculum) that they believe to be important to college animal science graduates’ success in the animal science industry. The open-ended questions mimicked studies by Edgar et al. (2012), Long and Morgan (2010), and Rinker et al. (2020). Also included in this round were a series of demographic questions, which were used to describe the panel. These questions asked about gender, age, race/ethnicity, highest level of education completed, years of work in the animal science industry, and current position title. Round 1 results were exported from Qualtrics to an Excel document. Data was reviewed by the three researchers and aggregated for each question. To complete data aggregation each researcher reviewed the data individually and looked for commonalities in responses. Like responses were aggregated to form a single statement. After each researcher completed this task individually, the three researchers met and discussed their responses and formed an agreed upon final listing of first-round responses.  

In Round 2, the aggregated responses from Round 1 were made as items. Participants were asked to indicate their extent of agreement if each listed skill was required of 4-year animal science program graduates to be successful in the animal science industry. To indicate agreement, participants select a response on a 6-point Likert-type scale (1 = strongly disagree, 2 = disagree, 3 = slightly disagree, 4 = slightly agree, 5 = agree, 6 = strongly agree). The same scale has been used in similar Delphi studies (Conner et al., 2013; Ramsey & Edwards, 2011). For analysis, data was exported from Qualtrics to SPSS. Items that had an extent of agreement between 75% and 100% (agree or strongly agree) reached consensus in Round 2 (Ramsey & Edwards, 2011). Items that had an extent of agreement between 51 and 74% (agree or strongly agree) were retained for Round 3. Items that had an extent of agreement less than 51% (agree or strongly agree) were dropped.

In Round 3, participants again indicated their agreement toward the importance of the retained items by identifying their extent of agreement using the same 6-point, Likert-type scale.  Items that had an extent of agreement between 75% and 100% (agree or strongly agree) were determined to have reached consensus (Ramsey & Edwards, 2011).

Results

Animal science industry representatives who served as experts on our modified Delphi panel had a broad range of experiences. A majority of panel members were White (n = 26; 96.3%) and male (n = 18; 66.7%). The most common age range was between 46 and 55 (n =8, 29.6%). Twelve participants (44.5%) held a doctoral degree, six (22.2%) held a master’s degree, and nine (33.3%) held a bachelor’s degree for their highest attained education level. Most panel members indicated having worked in the animal science industry between 6 and 15 years (n = 8; 29.6%), followed by between 26 and 35 years (n = 6; 22.2%), and between 46 and 55 years (n = 5; 18.5%). 

Round Results

Round 1. All members of our panel (n = 27) responded to each of the three open-ended questions in round 1 of the survey. All responses were combined and formed a comprehensive list of 180 soft skills, 186 technical skills, and 100 experiences external to the curriculum. These responses were condensed by the research team, removing duplicates, and grouping responses into like categories. A total of 59 unique soft skills were identified by the panel members. Our grouping of these skills included the following categories: communication skills (n = 14); professional skills (n = 13); cognitive and problem-solving skills (n = 12); leadership and initiative (n = 8); interpersonal and teamwork (n = 7); and organization and productivity (n = 5). The 186 technical skills identified by our panel were condensed into 99 unique technical skills. These skills included the following groupings: animal industry knowledge (n = 24); animal science and health (n = 21); collecting and using data (n = 15); business skills (n = 9); animal handling and transportation (n = 8); production agriculture (n = 8); scientific knowledge (n = 8); and laboratory skills (n = 6). Panel members listed many of the same experiences external to the curriculum they deemed important for students, and the list of 100 was condensed into 19 unique experiences. 

Round 2. Twenty-three of 27 panel members completed Round 2 of the Delphi, which is an 85.2% response rate. Panel members ranked each skill based on their extent of agreement, and consensus was met with 75% or more of responses agreeing or strongly agreeing the skill was required. A total of 39 soft skills (66%) reached consensus at the conclusion of Round 2. Fifteen soft skills (25.4%) were carried into Round 3, and five skills (8.5%) met the parameters for non-consensus. A total of 27 technical skills (27.3%) reached consensus at the conclusion of Round 2, while 48 skills (48.5%) were carried into Round 3, and 29 skills (29.3%) met non-consensus. Lastly, out of 18 external experiences, five (27.8%) reached consensus, seven (38.9%) carried into Round 3, and 6 (33.3%) met requirements to be removed. 

Round 3. Twenty-four panel members (88.9%) completed Round 3 of the Delphi. In this round, panel members again ranked the skills that received an agree or strongly degree by more than 50%, but less than 75%, of panel members completing Round 2. This provided respondents the opportunity to reconsider their initial rankings and for us to include the input from respondents who did not complete Round 2. Consensus was again defined as a skill or experience receiving an agree or strongly agree by 75% or more of panel members. Three additional soft skills, two additional technical skills, and one additional external experience met consensus in Round 3. 

Consensus Results 

Soft Skills. We identified 42 soft skills that met consensus from industry experts for being needed by graduates of undergraduate animal science programs for success in the animal science industry. We grouped these 42 soft skills into the following categories: professional skills (n = 11); cognitive and problem-solving skills (n = 11); communication skills (n = 8); leadership and initiative (n = 5); organization and productivity (n = 4); and interpersonal and teamwork skills (n = 3). Due to space limitations, we only provide the top ten soft skills identified by the panel, as shown in Table 1. 

Table 1. The Top 10 of 42 Soft Skills that Achieved Consensus from Industry Experts 
	Skill/Competency 
	% Agreement

	Professional responsibility (e.g., ethical decision-making, integrity)
	100.0

	Honestness/Trustworthiness 
	100.0

	Coachability (i.e., accept constructive criticism, willingness to learn) 
	100.0

	Problem-solving/Troubleshooting
	100.0

	Self-awareness (e.g., admitting when you do not know something)
	100.0

	Verbal communication – adapting to varying/diverse audiences (e.g., customers, producers, stakeholders)
	95.7

	Listening skills (i.e., active listening, listening to understand)
	95.7

	Curiosity (try new things, ask questions, etc.)
	95.7

	Flexibility/Adaptability 
	95.7

	Attentiveness 
	95.7



Technical Skills. We identified 29 technical skills that met consensus. These skills included the following groupings: animal industry knowledge (n = 10); business skills (n = 5); animal science and health (n = 4); scientific knowledge (n = 4); collecting and using data (n = 3); and animal handling and transportation (n = 3). No skills in our groupings of production agriculture or laboratory skills met consensus. The top 10 technical skills are shown in Table 2. 

Table 2. The Top 10 of 29 Technical Skills that Achieved Consensus from Industry Experts 
	Skill/Competency 
	% Agreement

	Proficiency with Excel and other Office suite programs (Word, email, PivotTables, spreadsheets) and ability to adapt to company-specific software)
	100.00

	Basic math and English proficiency 
	100.00

	Ability to develop job-specific technical skills based on intended career path (e.g., dairy consultant, beef production specialist)
	95.7

	Ability to apply scientific knowledge pragmatically to industry challenges and decision-making
	95.7

	Ability to read, interpret, and critically evaluate scientific and extension articles
	91.30

	Ability to apply core animal science principles (genetics, nutrition, physiology) to practical commercial decisions (e.g., feedstuff choices, genetic sources)
	87.0

	Understanding animal behavior, including flight zones, body language, and how to interpret signals (e.g., behavior vs. data)
	87.0

	Ability to build credibility and trust with producers by demonstrating real-world livestock handling knowledge and experience
	87.0

	Ability to analyze and interpret data, draw valid conclusions, and apply findings to real-world scenarios with variability 
	87.0

	Basic understanding of cores sciences, including biology, chemistry, statistics, and finance relevant to animal science 
	87.0



Experiences External to the Curriculum. We identified six experiences external to the curriculum that met consensus from industry experts for being required by 4-year animal science program graduates to be successful in the animal science industry. These experiences, and the extent of panel member agreement, were industry/farm tours (i.e., exposure to diverse operations) (100.0%), internship (95.7%), hands-on animal experience (91.3%), leadership experience/training (87.0%), job shadowing (82.7%), and part-time job (79.2%).  

Conclusion, Discussion, and Recommendations

We successfully identified 42 soft skills, 29 technical skills, and six external experiences that met consensus from the animal science industry experts who served on our panel. Therefore, we determined these skills, competencies, and experiences as the most important to develop in undergraduate students majoring in the animal sciences with an intention to enter a career in the animal sciences (non-veterinary) after graduation. Our findings revealed the upmost importance of soft skill development in these students, corroborating findings from similar studies (Bundy et al., 2021; Williams et al., 2014). The technical skills reaching consensus varied in complexity, but a majority were related to general competencies in animal industry knowledge (n = 10). Five business skills, including proficiency using spreadsheets, were found supporting Williams et al. (2014). Although advanced data and technology skills were suggested by the panel members in Round 1 (e.g., responsible and effective use of artificial intelligence tools for data analysis and decision support), few of these skills reached group consensus. We recommend prioritizing foundational curriculum around the skills that achieved consensus, while identifying specialized pathways or courses for skills that were highly ranked (e.g., above 65% agreement) but did not meet consensus as defined in our study. 
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