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Abstract
To fulfill the needs of the food industry for future 

food and agriculture students with skills and knowledge 
needed to produce healthy products for the marketplace, 
a cross-discipline program is necessary. The proposed 
course incorporates interdisciplinary teams of sophomore 
students to focus on healthy products for children. A 
treatment with comparison group design was used to 
measure gains by a subject knowledge assessment 
(SKA). The course includes culinary demonstrations, 
industry interviews, department and lab tours, field trips, 
faculty consultations, and product development labs. 
Food technology, nutrition and packaging science teams 
work ideation to packaging to create healthy children’s 
products while gaining knowledge in each subject area 
regardless of their chosen major. The SKA was used to 
evaluate the mean percent difference value (MPDV) of 
food science, nutrition, packaging science, and general 
product development knowledge gained through the 
course. SKA results indicated that the MPDV were 
significantly different (α=0.05) between the treatment and 
comparison groups in overall score and in every subject 
area score except packaging science. After establishing 
a cohesive, replicable framework for implementing this 
course in food and agricultural sciences, the goal is to 
disseminate the curriculum to other universities to make 
product development education accessible nation-wide. 

Introduction
The health status of American children has been a 

major concern for decades. In the past 30 years, the 
incidence of childhood obesity in the United States 
has doubled in children and quadrupled in adolescents 
(Ogden et al., 2014 and CDC 2013). Many factors have 
contributed to the current obesity epidemic including 
increasingly sedentary lifestyles, declining socio-eco-

nomic status, and poor eating habits. The worsening of 
childhood nutrition in the U. S. has created a demand for 
food companies to develop healthy, convenient options 
for children. This demand has created a financial oppor-
tunity for food companies that develop healthy products 
for the growing children’s food and beverage market. 

The initiation of this course was made possible by 
the United States Department of Agriculture, National 
Institute of Food Agriculture (USDA-NIFA), Second-
ary Agriculture Education Challenge Grants Program, 
and the Creative Inquiry (CI) undergraduate research 
program at Clemson University. The USDA Higher Edu-
cation Challenge (HEC) grant led to the idea of address-
ing the national need of developing possible solu-
tions for declining childhood nutrition. The CI program 
at Clemson University concentrates on encouraging 
student and faculty participation in engaging activities 
for students in all disciplines and allows undergraduates 
to participate in research opportunities that would nor-
mally not be accessible to them.

This two semester course on product development 
was tailored for sophomore students in the Food, Nutri-
tion and Packaging Science (FNPS) department at 
Clemson University and is a uniquely designed course 
as described by its title: Applied Interdisciplinary Product 
Development (AIPD) for Sophomore Students. The term 
“applied” refers to the hands-on learning style the stu-
dents experience when they create their own food prod-
ucts. This course is interdisciplinary because it involves 
both students and professors in each of the disciplines 
of food technology, human nutrition, and packaging 
science, and the subject of product development is a 
common discipline of all of these majors. Sophomores 
are the students targeted to take this course to help 
them feel engaged with the department at a time in their 
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college career when they may feel uncertain about their 
career path. 

The AIPD course focuses on the competencies 
set by the Research Chefs Association for a Culinol-
ogy® program (Cheng, 2012). In addition to having a 
team create a product focusing on childhood nutrition, 
the broader outcomes of this course are to (1) increase 
discipline knowledge, (2) increase critical thinking, 
reading, writing, and mathematic skills of project partic-
ipants, (3) hone communication and presentation skills, 
(4) increase level of student engagement in the FNPS 
department, and (5) increase positive experiential learn-
ing leading to higher levels of student satisfaction and 
industry readiness. 

Rationale for Product Development 
Course Design

This course was designed to get students engaged 
with the subject matter in an applied and experien-
tial learning environment. Experiential learning is the 
process of acquiring knowledge through firsthand expe-
rience (Dewey, 1938). This differs from most college 
classes where students learn by listening to lectures 
and studying written materials. By simulating a product 
design situation and asking students to apply knowledge 
and skills, these students may become better prepared 
for the industry and will have experience with the process 
even before their first day on the job. Students are held 
accountable for the success of the product development 
process, which can result in a greater sense of achieve-
ment and empowerment. This type of hands-on experi-
ence may furthermore increase student satisfaction and 
the student’s connection with the department.

In Interdisciplinarity: History Theory and Practice, 
Julie Thompson Klein (1990) described interdisciplinary 
work as collaboration and teamwork between persons 
of different disciplines. By integrating department 
wide majors in the AIPD course, students can learn to 
work with individuals that may have a different way of 
thinking and to encourage expansion of their way of 
thinking to include other views. Interdisciplinary teaching 
also shows a student the ways in which their chosen 
discipline can interact with others, often in a manner that 
can be mutually beneficial. For example, a packaging 
science student may want to design a milk carton to 
have a window where consumers can see the beverage, 
but a food technology student would know that light 
oxidizes milk leading to a shorter shelf life. In the food 
industry setting, disciplines are not segmented as they 
are in college. Collaboration is constant and the ability 
to effectively communicate with professionals in other 
fields will translate to more rapid completion of tasks 
and, potentially, to greater profitability. According to 
the Boyer Commission Report (1998), interdisciplinary 
programs should be a standard feature of any research 
university.

Fortunately, the FNPS Department at Clemson 
University can take advantage of the diverse majors 
within its department in order make the AIPD course 

possible. Professors from each discipline provide 
lectures on their respective field of study. Subsequently 
students may be more comfortable revisiting faculty for 
discussion on product design, testing and development. 
Students within the majors  work together on small teams 
each with four to five members. Within these teams the 
students can teach and learn from each other about 
their respective major and help their teammates through 
steps in the product development process where their 
skill set is needed. 

According to the 2013 reports on Occupational 
Employment and Wages of Food Scientists and Tech-
nologists by the Bureau of Labor Statistics as well as the 
U. S. Department of Labor, the highest level of employ-
ment within the described career fields is that of food 
science. Therefore, it is imperative that food technol-
ogy majors learn product development skills during their 
undergraduate career. Typically, a product development 
class is taught as a senior capstone course, represent-
ing a culminating experience where students are asked 
to utilize everything they have learned thus far. However, 
introducing this course earlier on in the students’ sopho-
more year can impact their academics and overall moti-
vation (Saad, 2010).

A crucial time in the college career is known as the 
“sophomore slump”. Freshman year excitement has 
passed and with the sophomore year may come periods 
of disengagement, dissatisfaction, developmental con-
fusion, indecision, and failure to meet expectations. At 
the beginning of sophomore year, FNPS students at 
Clemson University have almost completed their general 
education classes, however they are just starting the 
courses specific to their major. By the end of their soph-
omore year, packaging majors have completed introduc-
tory packaging classes, Food Technology students have 
completed three food science classes, and nutrition 
majors are engaged in their science and nutrition curric-
ula. Thus, actively engaging students in a relevant and 
exciting product development project through experien-
tial learning at the sophomore level may add a benefi-
cial dimension for all majors. A national survey on soph-
omore year initiatives that aim to combat the sophomore 
slump (Tobolowsky and Cox, 2007) found that the most 
successful initiatives are customized to the culture of the 
institution. 

The current food technology, human nutrition and 
packaging science students at Clemson University 
and elsewhere are the product developers of the next 
generation and have the potential to improve the market 
for healthy children’s food products. The AIPD course 
will empower the students with the knowledge and skills 
to realize this potential.

Materials and Methods
Course Description

Product development is an interdisciplinary activity 
in which disciplines share expertise throughout the 
process in order to bring about the final product. At 
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Table 1. Descriptions of Activities for the AIPD Course Curriculum

First Semester Course Content 
Type of Activity Title of Activity or Presentation Description

Subject Area  
Introductions

Introduction to Nutrition, Culinology®,  
Sensory Evaluation, and Packaging Science

During the first class period, brief (approximately 10-minute) presentations about the 
subject areas were given by each of the three instructors.

Lectures
Childhood Nutrition, Sensory Evaluation,  
Packaging Science, and Tools for  
Market Research

Each of these lectures was given during a 50-minute class period. The lectures  
provided the foundational knowledge for each subject area that students would require 
for the AIPD course.

Assignments

Supermarket Product Assignment Students were asked to visit a local grocery store and purchase a kid’s food product. 
Then, they were asked to bring the product to class and describe its key features.

Ideation Activities

In these activities, student groups were given a scenario and asked to develop three 
concepts for a retail or foodservice food item that would fit the scenario. For one of the 
concepts, students were asked to elaborate on the food science, packaging, culinary, 
nutrition, and marketing aspects of the concept. These activities allowed the students to 
practice ideating concepts without fully developing them.

Overview of second semester project

At the conclusion of the first semester, student groups were asked to present a concept 
that they would develop during the second semester. The presentations included a 
recipe, ideas for packaging, and a market analysis, which included market demand and 
justification for potential success of the product.

Field Trips

Lunch at a Local Restaurant
Students met at a local restaurant for lunch. They were only allowed to order items from 
the kid’s menu. Before eating their entrees, students were asked to estimate the amount 
of calories, protein, carbohydrates, fat, and sodium for the dish.

Elementary Cafeteria and Kitchen Tour Students were taken to a local elementary school for a tour of the kitchen facilities. They 
were also able to eat lunch with elementary school students.

Industry Visits Students were taken to the corporate headquarters of two national foodservice  
restaurants chains.

Culinary  
Demonstrations

Demonstration and Tasting of On-Trend 
Dishes

Culinary science upperclassmen demonstrated various dishes for students to taste and 
evaluate.

Industry Interview Interview with a Professional Nutritionist  
and Culinary Scientist

Students participated in a video conference and interview with a nutritionist, culinary 
scientist, and faculty member at another university.

Department Lab Tours 
and Introductions

Culinary Skills Demonstration and  
Kitchen Lab Tour, Packaging Lab Tours,  
and Food Science Lab Tour

In order to enable the students to become more acquainted with the department labs 
and facilities, they were taken on tours of labs designated for each subject area.

Second Semester
Type of Activity Title of Activity or Presentation Description

Lectures Product Development Toolkit This lecture outlined the basic steps of the food product process that the students would 
be expected to follow as part of the AIPD course.

Assignments

Group Product Development Project The interdisciplinary student groups developed their concepts for health food products 
for children during the second semester. 

Lab Notebooks

During the second semester product development, each group was required to keep 
track of their progress in a lab notebook. Progress notes included information about 
progress between classes, recipe and formulation trials in culinary labs, key takeaways 
from consultations, and meeting notes.

Final Report

Each student group was required to submit a final report for their product at the  
conclusion of the AIPD course. The final report included a market analysis, a gold  
standard recipe, a semi-commercialized formula, focus group procedure and  
subsequent modifications, and packaging.

Final Presentation At the conclusion of the semester, each student group presented their concepts (including 
product samples) to fellow students, instructors, and members of the FNPS department.

Focus Group Product Focus Group at a Local  
Elementary School

Student groups presented their concepts to 20 elementary school students to gain  
feedback about the dishes and suggestions for improvement.

Department Faculty 
Consultations

Subject Matter Specialist Consultations  
by Department Members

Faculty members in the FNPS department periodically visited the AIPD class to provide 
feedback and critiques for each group project. FNPS faculty members included  
professors who specialize in sports nutrition, sensory science, food safety, food  
packaging, graphic design, and food manufacturing operations.

the beginning of the process during ideation students 
consider which food products they would like to make 
and how to make that product healthy. During the 
development of the recipe, teams select ingredients 
with emphasis on functionality to design a ‘gold standard 
recipe’ that meets the standards for taste, nutrition, 
and composition. At the development stage students 
convert their recipe to formulas and conduct requisite 
product testing, shelf-life determinations, and selection 
of the packaging material with the most favorable barrier 
properties for the product. The team completes a market 
analysis to evaluate the environment for the product and 
uses that information for inspiration on package design.

Evaluation Tools
All student participants in the AIPD treatment and 

comparison groups completed a subject knowledge 

assessment before and after the course to evaluate the 
mean difference value of the topics of food technology, 
human nutrition and packaging sciences and general 
product development knowledge gained. An exit 
questionnaire was used to evaluate attitudes pertaining 
to product development, knowledge and skill, pedagogy, 
and department engagement.

Course Curriculum Layout
The AIPD pilot course was taught over two semes-

ters to (n=37) students. There were eight student teams 
with four to five students in each team. The first semes-
ter included introductory lectures on food science, child-
hood nutrition, sensory evaluation, basic culinary skills, 
packaging science, and the food product development 
process. Other activities included culinary and pack-
aging lab tours, a lunch time visit to a local elemen-
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tary school, an evaluation of current products marketed 
towards children, healthy cooking demonstrations, 
industry visits, and practice ideation activities. During 
the second semester, the students were placed into 
groups to develop products that focused on childhood 
nutrition. Further description of activities and presenta-
tions are provided in Table 1.

The teams were created by the faculty to represent 
diversity of majors in the teams with at least one nutrition, 
one food technology, one packaging science student 
and others to balance the team. Faculty members of the 
department routinely participated as consultants for the 
student teams during the product development process 
in the second semester. During the first semester, the 
teams met one day a week for a 50 minute class lecture/
discussion period, and another day every third week for 
a lab which consisted of a field trip or other experiential 
learning session. During the second semester, the teams 
used the 50 minute class time for group work or faculty 
consultation sessions, while the every third week lab 
meeting times were designated as three hour culinary 
lab times to work on developing their products. The 
teams were required to track project progress in a lab 
notebook, submit a report, and present their products 
to the department. The course sequence included two 
semester long courses that were two credits each. The 
format provided for 50 minute lecture/team sessions 
(classes) weekly and five labs over the course of the 
semester each at three hour blocks. 

Curriculum
Results and Discussion (Lessons Learned)

Participants in both the treatment and control groups 
completed the SKA before the course (pre) and after the 
course (post). The difference between the pre-and post-
scores was determined by subtracting the pre-score from 
the post score for each individual participant. The mean 
difference value (MDV) represents the average difference 
in scores for each group and subject area. The MDV was 
used as the primary measurement of performance com-
parison between the two groups (Weeks, 2014). 

MDV and standard error in the overall scores as 
well as the scores for each subject area of the survey 
are shown in Table 2. Significant differences existed 
(α=0.05) between the treatment and control groups MDV 
for the overall survey and in all subject areas except for 
the packaging subject area. The general knowledge 
subject area exhibited the largest standard error for both 
groups. 

The FNPS faculty and students found this course 
beneficial, but offered suggestions for course modifica-
tion. Reflections from students involved in the course 
showed that they liked being able to interact with depart-
ment faculty and staff as well as students from other dis-
ciplines that they normally would have limited interac-
tions with at all. AIPD students also enjoyed the ability 
to gain knowledge in other fields of study and hands-on 
experience in culinary and packaging labs, which are 
not included in other courses in the department. One 

student stated that “this course has made me feel more 
involved with the FNPS department because this project 
was a weekly responsibility that gave me the opportu-
nity to be creative across the majors.” Other students 
made positive comments including: “the project helped 
gain hands on experience in the culinary and packag-
ing labs that would not have been possible otherwise,” 
“gained cross functional team experience,” “enjoyed the 
healthy cooking lab opportunities,” and “learned a lot 
about the product development process with access to 
useful resources in the department.”

Some suggestions for modification included that 
students would have liked more information and 
hands-on experience in the packaging discipline. With 
the unique interdisciplinary focus of the course, students 
in the nutrition and food technology disciplines wanted 
to work closer with the packaging team member and 
program on that aspect of the final product. They could 
take a tour of the lab and make decisions about the 
packaging, but wanted a larger role in actually creating 
the package, as they believed it would be beneficial to 
their future careers. In the current curriculum, nutrition 
topics and trends are introduced by professors and 
many of the first semester activities include nutrition 
as a topic. Hearing from nutritionists that work with the 
National School Lunch Program and the Child and Adult 
Care Food Program enforces the importance of nutrition 
for children. The goals of these programs are to provide 
healthy and nutritious snacks or full breakfasts and 
lunches to children and adults (USDA, 2015). Helping 
feeding programs access products like those aligned 
with this course presents a realistic opportunity. Bringing 
in speakers who work under the regulations and take 
on the goals of lowering sodium and increasing whole 
grains every day will bring nutrition goals to the forefront 
of students’ minds better than a book. 

Students also asked for more ideation time in the 
first semester. Being new to the process of product 
development, students felt they would benefit from some 
brainstorming or ideation time during the first semester 
in between the lectures and activities, for example after 
visiting the school to eat with the children. Students 
agreed that the lectures and activities were helpful and 
were contributing factors to the final product ideas, but 
having some time closer to these activities would have 
allowed for a more fruitful ideation process. Including 
more lab time in the first semester to introduce more 
culinary fundamentals and ingredient functionality would 
make the development labs during the second semester 
more efficient.

 Table 2. Subject knowledge assessment (SKA) mean difference 
values (MDV) and standard error for each subject area.

Subject Area Mean Difference Values (MDV) P ValueTreatment Control
Overall 14.66 ± 1.38 3.98 ± 1.86 <0.0001*
Food Science 21.34 ± 2.27 -4.07 ± 3.21 <0.0001*
Nutrition 17.41 ± 2.55 7.96 ± 2.92 0.0178*
Packaging 9.37 ± 2.64 10.75 ± 3.05 0.7341
General 13.06 ± 3.24 0.81 ± 3.31 0.0102*

 *MDV were significantly different (α=0.05)
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A culinary demonstration is included in the current 
first semester curriculum, which goes through basic 
cooking and knife skills, but does not include ingredient 
functionality. Ingredients such as eggs, grains, and dairy 
play important roles in a final product, so when trying to 
use a substitution for one or more of these ingredients, 
it is important to understand the role of the ingredient in 
order to make a successful substitution. The overall goals 
of increasing knowledge across the disciplines, gaining 
confidence in collaborating and communicating with 
students in other disciplines, and feeling a connection 
to the FNPS department were realized by the students 
participating in the course. 

Summary
A research university could be most successful in 

engaging sophomores through undergraduate research 
projects. Clemson University’s undergraduate research 
program Creative Inquiry is so aligned. Although the 
FNPS department at the University has been integrated 
for a few years now, no classes exist that integrate all 
majors for undergraduate students. The department 
has the capability to prepare undergraduates with 
food technology, human nutrition, and packaging 
science knowledge and skills, which would give them a 
competitive edge as they enter the job market. The aim 
of the AIPD course is to do exactly that.

Through the help of the USDA HEC grant and the CI 
program at the University, this course will be continued 
with new sophomores, and the current reflections will 
help determine the best delivery of the course. As 
the course is continued at Clemson University and at 
other locations, results and lessons learned will aid 
in the continued development of materials that will be 
distributed to other universities for implementation into 
their own agricultural education programs. Videos and 
online modules can be made from current lectures that 
can be easily accessed online for other programs to 
extract or use to start their own interdisciplinary course. 
A pilot study using this online dissemination method was 
run at the University of Georgia at Athens and yielded 
favorable results, suggesting implementation at other 
universities as a viable option. Lessons learned through 
these courses may be applied to future research 
concerning student engagement, recruitment of students 
into the agricultural education pipeline, and enhancing 
student competency in the area of childhood nutrition. 
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