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Background: Experiential vertical integration of basic science with clinical concepts

remains a challenge in medical school curricula. In addition, training physicians in nutritional

competency that translates into patient care is a challenging endeavor ranging from bio-

chemical mechanisms to socioeconomic challenges.

Methods: Employing a social constructivism paradigm, we implemented a collaborative

cook-off competition in a basic science course where 140 first-year medical students per year

translated their studies of inborn errors of metabolism, energy metabolism, micronutrients

and immunology into edible creations intended for people with disorders requiring dietary

management. After learning about the disorders in lecture, problem-based learning, team-

based learning and through patient interviews, four problem-based learning groups (7

students per group) were assigned to prepare food dishes for one of the five assigned

disorders. Together, students researched the dietary requirements, shopped, paid for, pre-

pared, presented and shared their food. To the class, faculty and re-invited patients, the

groups explained the dietary restrictions, the chosen ingredients, how they prepared the food,

and why their dish was suitable for the disorder. Each category was judged and awarded

a first-place food prize with a grand prize at the end. At the completion of the course, student

feedback was elicited via anonymous evaluations. Over 3 years, 380 comments were

collected. We used grounded theory to generate a codebook that was then analyzed by the

authors for overarching themes.

Results: Qualitative results described three major themes: increased relevance of basic

science to real life, increased empathy towards complying with dietary restrictions, and

increased student group cohesiveness.

Conclusion: The patient-centered cook-off competition taught students the relevance of

basic science but in addition, it taught empathy towards the patient experience. We also

discovered that the process of food preparation was a bonding experience that promoted

collaboration, cohesiveness and friendship within the student class.
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Introduction
Integrating curriculum has become a medical school directive. There is vertical

integration between the basic and clinical sciences, horizontal integration

between different subject areas and longitudinal integration between different

specialties.1 Problem-based learning (PBL) has been a popular form of vertical

integration felt to stimulate deeper, lifelong learning.2 PBL, case-based learning

and simulation activities are methods of contextualization of basic science

whereby the applicability of a basic science concept is demonstrated in

a clinical scenario.2–4
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Social constructivism theory is a model of collabora-

tive learning within a cultural and social context. Learners

actively co-construct meaning and understanding together

by applying concepts using a variety of communicative

methods and then sharing their new knowledge with peers.

Faculty function as guides and facilitators, providing

opportunities and incentives to the learners.5 We attempted

to implement a social constructivism method of learning in

the medical students’ first basic science course, Scientific

Principles of Medicine, to develop vertical integration of

the basic sciences with clinical medicine.

Nutrition science has been used as a vertical, horizontal

and longitudinal pedagogy to integrate the basic science

with diseases of lifestyle and socioeconomic influences.6,7

Dietary and lifestyle modifications are frequently first-line

treatment strategies for many conditions.8,9 Yet, nutritional

education is deficient in medical education which is why

many physicians report feeling uncomfortable and unpre-

pared to provide nutritional counseling to their

patients.10,11 Students have expressed that nutrition educa-

tion in medical school would be improved if innovative

learning strategies could be incorporated early and long-

itudinally through their curriculum.12 Various nutritional

active learning modalities have been described, including

a simulated grocery store where students analyzed labels

and answered questions, problem-based learning (PBL),

team-based learning (TBL), and online modules.13–17

These are all examples of innovative ideas that medical

educators seek to engage students in active, experiential,

and relevant learning methods.18,19

At our medical school, students learn amino acid, pro-

tein and lipid metabolism in their introductory basic

science course, they learn about micronutrients, absorption

and elimination in their gastroenterology course and they

learn about the complications and treatments of excessive

lipids and carbohydrates in their cardiology and endocri-

nology courses. We used the social construct of meal

preparation and food sharing in this first basic science

course cook-off competition exercise. This social con-

structivism method is not used again in our medical school

until the fourth year, two-week, elective, Culinary

Medicine, where medical students prepare and share food

with senior citizens.20

In addition, medical schools are trying to bridge the

gap between the basic science encountered in medical

school’s first 2 years and the clinical, humanistic curricu-

lum students will encounter later in clinical rotations.21,22

Educators also try to develop activities that encourage

teamwork and enhance the class community.23,24 These

factors are important in creating a supportive, learning

environment. But these curricular innovations still portray

the student as the physician treating the patient. We

describe an innovative, experiential intervention where

the student becomes the patient. As the patient, they

must create food guided by the medical nutritional require-

ments dictated by their assigned disorder of metabolism.

The assignment was designed within an educational social

construct through collaboration and community.

The main objective of our educational intervention was

to vertically integrate basic science metabolic and immu-

nologic pathways with clinical disease using nutrition in

a constructivist educational model. What we discovered,

however, was that by sharing food in this simple cook-off

competition, students had a much broader learning

experience.

Methods
The data used in this study were approved as part of the

education research registry, which was approved by the

Penn State College of Medicine Institutional Review

Board (#STUDY00000123).

Scientific Principles of Medicine is a 13-week basic

science course designed as the foundational medical

course for 140 first-year medical students. The basic

course structure consists of lectures, PBLs, TBLs, simula-

tion sessions, review sessions and patient encounters. The

course covers biochemistry, cell biology, genetics, cancer,

immunology and microbiology foundations necessary for

the subsequent organ block curriculum.

In order to increase the medical relevance of basic

science, we used nutritional competency as the cornerstone

and developed a student group cook-off competition. Each

of the 20 PBL groups, consisting of 7 students per group,

was randomly assigned 1 of the 5 disorders that had

previously been studied in the course. Each of these dis-

orders was discussed in the lecture and was further exam-

ined through a PBL case and/or through a patient

interview in class. The PBLs and patient interviews pro-

vided a cultural, social, humanistic context to the disor-

ders. The disorders were Maple Syrup Urine Disease

(MSUD), Medium-chain acyl-CoA dehydrogenase

(MCAD) deficiency, Phenylketonuria (PKU), Glycogen

storage disease type I (von Gierke disease), and Celiac

disease. These disorders highlight principles of inborn

errors of metabolism, carbohydrate, fat and protein meta-

bolism, micronutrients and immunology that require strict
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daily dietary modifications for the life of the patient. Each

disorder was assigned to four PBL groups. The assignment

was released during a Friday PBL session, 1 week before

the scheduled cook-off competition (Appendix 1).

The groups were tasked to prepare, outside of class,

a hors d’oeuvre style food dish consisting of 25–30 por-

tions. Each group researched the dietary restrictions,

selected a recipe, purchased the ingredients, and prepared

the food together. The ingredients of each dish must be

accurately prepared so that a person diagnosed with the

disorder can eat the food without exacerbating their

condition.

On the specified class day, students brought their pre-

pared dishes during the usual 11:00 am -noon lecture time.

The food dishes were then grouped by category, given

a number from 1 to 4, and displayed in the front of the

lecture hall with ingredients and recipes attached. Each

group gave a 2–3-minute creative presentation explaining

the dietary restrictions in relation to the biochemical or

immunologic deficiency, the ingredients, and the shopping/

cooking process for their specific dish. Five judges (guest

patients who had spoken to the class about the challenges

of living with the disorder, faculty and fellow students)

listened to the presentations and sampled each dish. The

judges were asked to consider creativity, taste, and dietary

accuracy in their deliberations. In each category, each

judge voted by raising one of the four numbered cards

correlating to the dish of their choice. The winners of each

category were then given a ribbon and food prizes. Lastly,

the five winners of each category were judged, and a grand

prize was awarded to the team with the best dish of

the day. After the judging process, the entire class was

invited to eat from noon to 1 pm. There was always

enough food to provide lunch for the entire class.

Data Collection
Each year, at the end of the SPM course, all students were

requested to submit an evaluation of the strengths and

weaknesses of the course and of each of the classes. All

responses were open-ended free text and voluntary. Over 3

years, 380 responses that included specific comments

regarding the cook-off competition were isolated.

Data Analysis
Using grounded theory, the student comments were eval-

uated with a thematic analysis approach.25,26 Team mem-

bers, MS and EH developed ideas about patterns and

meanings. One team member (MS) assigned codes to

repetitive ideas. All student responses were evaluated.

ATLAS.ti 8.0 software was used to manage the data.

Using the codebook developed by MS, two other team

members (EH and NH) each independently coded sec-

tions of relevant text from student responses. Updating

and changing the codebook was done among the three

members. Once verified and analyzed, compared and

combined, codes were grouped into themes according to

similarities and relationships. We used axial coding to

identify sub-themes and themes and the cross-

connections of concepts between them. The data were

reviewed and re-analyzed until consensus between the

three members was achieved and theoretical saturation

was reached. Representative quotes were abstracted to

illustrate the key features of the sub-themes and

themes.27

Results
Three themes were extracted from student comments:

relevance and application of nutritional biochemical

knowledge, empathy towards patients with dietary restric-

tions and the enhancement of student bonding, collabora-

tion and cohesiveness.

Theme 1: Relevance and Application of

Nutritional Biochemical Knowledge
Students expressed a new awareness of food’s effect on the

body and how diet can influence patient outcomes from

a biochemical level to a clinical presentation.

I could always eat whatever I wanted. I never realized the

intricacies of food and how food can have such different

effects on different people.

I found it intellectually stimulating in seeing the variety of

diets that were required to sustain different types of

disease.

Although students were taught that these disorders

required strict dietary restrictions, this exercise provided

a deeper understanding of what that really meant. Students

expressed a more profound realization and appreciation of

how a strict diet can treat disease.

I really enjoyed this exercise. It helped me to get a better

picture of the treatment of the different diseases.

It was a great way to introduce the different diseases and

show students how difficult it can be to have a strict diet to

manage certain diseases.
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Students expressed an appreciation for practicing and

applying information learned in the classroom to real

life. Using the social construct of preparing and sharing

food made the process enjoyable. Adding a hint of com-

petition and “showmanship” sparked student effort and

added a cordial “game-like” atmosphere. Had the assign-

ment been to individually write a recipe for each of the

diseases, it is highly probable that the students would have

found that to be a tedious exercise.

It was amazing to actually put into practice the stuff we

were learning, and enjoy doing it.

This was a great initiative to apply things that we have

learned from class. Eating free food was a bonus!

The project allowed students a chance to learn while

having fun; this is something I feel leads to better under-

standing of material.

The student responses support the supposition that the pro-

cess culminating in the cook-off competition was an exercise

that achieved vertical integration of basic science principles

to clinical medicine through a constructivism paradigm.

Theme 2: Empathy Towards Patients
The stage of social constructivism was developed earlier in

the course and the theme of empathy was built upon by

previous student–patient interactions in the course. Three

of the five disorders had a class-patient interview. During

these interviews, patients spoke to the class and answered

student questions regarding living and coping with

a chronic disease.22 Having these patients return in a role

reversal, ie, the patients observe and evaluate the students,

in a communal joyous setting, allowed for interactions of

equality and friendship between students and patients.

Students expressed difficulty in shopping, cooking and

affording the expense of specific ingredients and the diffi-

culty in avoiding ingredients commonly found in their

usual food. Students were able to express their understand-

ing of the patients’ day-to-day life challenges to the

“patient-judge.”

It was also a good learning experience in understanding

the difficulty of cooking for specific diseases.

The cook-off was a nice idea that gave us insight into how

difficult it can be for patients to follow dietary restrictions

of the diseases.

The cook-off was a nice break away from studying, and

I think we learned a lot through thinking of what a patient

with our assigned disease can eat.

Preparing a meal with dietary restrictions was in itself

a challenge. But this assignment was just one class within

the construct of the Scientific Principles of Medicine

course where patients suffering from chronic conditions

came and spoke to the students on a weekly basis.

Through the cook-off assignment, students became per-

sonally aware of the difficulties patients endure living

with a chronic condition. Having to actually step into

a patient’s life for a brief assignment allowed students to

have a brief personal exposure to a chronic, unremitting

condition.

I thought the cook-off was really fun and provided us with

a really different way to see what living with a chronic

condition entails.

I greatly appreciated this event, not only because of the

enthusiasm each student brought, but also because I walked

away with a greater appreciation for the barriers that patients

face in preparing a meal within dietary restrictions, and the

efforts taken to overcome those barriers. The challenges that

we encountered preparing just one meal, these patients

encounter every meal and every day.

Theme 3: Student Collaboration and

Cohesiveness
The sharing of food is known to increase interpersonal

closeness.28 Students commented on the preparation of

food, the sharing of a meal, and the presentations to their

peers as a collaborative experience that increased the

cohesiveness within the groups and within the class.

Students requested that the cook-off be moved up in the

class schedule so that they could develop that cohesiveness

earlier in the year, improving their collaboration within

their PBL sessions.

During that time I was able to bond with my PBL group

by making our meal together and also had a great time

during the actual cook-off!

I found the preparation for the cook-off to be a great

bonding moment for my group that could have definitely

helped the group’s cohesiveness early on.

Through cooking and preparing creative presentations,

students developed a personal connection and appreciation

of each other’s talents and humor beyond the classroom.
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This was really fun. I liked working with my PBL group

and it was really exciting seeing everyone’s dish!

I loved the cook off! We have so many talented chefs in

this class.

Discussion
The disorders chosen for the cook-off competition were

selected to illustrate the biochemical and immunologic path-

ways that the students were studying in the course. Basic

scientists presented the pathways in lecture, the knowledge

base of Blooms taxonomy.29 The basic science knowledge

was then contextualized in PBL where the basic science was

applied to a clinical case. Every week, patients were invited

to speak to the class about their experiences. In combination

with the patient interviews, the cook-off competition was

intended to translate the “book information” into real life.

Strict nutritional requirements are needed to maintain normal

life in patients with these disorders. For example, MSUD is

an inherited defect in the enzyme complex needed to meta-

bolize branched-chain amino acids. The diet requires very

low protein content to prevent neurologic dysfunction, sei-

zures and growth delay. MCAD deficiency is an inherited

disorder that prevents the breakdown of medium-chain fatty

acids. These children need a high carbohydrate and low-fat

diet to prevent the development of non-ketotic hypoglyce-

mia. PKU is an inherited defect in the enzyme that metabo-

lizes phenylalanine. Children must avoid phenylalanine in

their diet or suffer from severe irreversible neurologic delay.

In von Gierke disease, the person has a deficiency in the

enzyme that breaks down the liver’s glycogen stores. When

a person with von Gierke disease is in a fasting state, they are

unable to convert their glycogen stores to glucose. These

patients require a continuous supply of carbohydrate, fre-

quently in the form of cornstarch, or they quickly become

hypoglycemic and acidotic. Celiac disease was studied in the

immunology section of the course. A person with celiac

disease has an immune reaction to gluten resulting in intest-

inal inflammation andmalabsorption. The treatment of celiac

disease is a gluten-free diet.

In preparation for this cook-off activity, students stu-

died the dietary requirements and treatments of diseases

that they were taught in class. In addition, the students

learned the challenges of abiding by certain nutritional

restrictions. The students experienced the disease from

a patient’s perspective. The students became the patient

by researching food groups, shopping, pricing and prepar-

ing the food. This cook-off activity required groups of

students to collaborate outside of the classroom. This

networking process improved the cohesiveness of the

class. Sharing the food became a celebration.

Rising in the pyramid of Bloom’s taxonomy, the students

are first presented with the basic concepts in lecture, followed

by a discussion of the concepts in cases presented in PBL.

Next, the students analyzed the disease entity for the dietary

restrictions and applied this knowledge when shopping for

ingredients and developing a recipe. The students justified

their reasoning to the class. Judges evaluated their edible

creations. Out of the lecture hall, the students advanced their

learning through social constructivism within their groups. In

their PBL groups, students developed their own learning

objectives and led their own discussions but were supervised

by faculty facilitators. We advanced the implementation of

Social Constructivism by moving out of the classroom and

facilitating student responsibility for their learning and

encouraging intrinsic motivation. Students collaborated out-

side of the classroom without direct faculty supervision:

researching, shopping, and creating a biochemically correct,

visually appealing and tasty food dish to share with their peers.

Theoretically, if we assigned the students this task as “home-

work” without an outlet to perform and be judged, few stu-

dents would participate and “do the extra work.” However,

organizing this task into a fun, low risk, “game-like” event

enticed student participation. The students enjoyed presenting

their edible creations in front of their peers and weremotivated

to compete for ribbons, cookies and chocolate bar prizes.

This simple assignment transcended the basic educa-

tional theory by transforming the student into the patient.

Without developing an illness, most medical students

study and treat patients without ever understanding how

the patient feels. Students rarely “walk in a patient’s

shoes.” Although teaching empathy was not a planned

objective, empathy was a major lesson that resulted from

this activity. Students had to follow “the doctor’s advice”

and they found that following this advice was often diffi-

cult. Medical school curriculum would benefit from more

activities that place the student in the patient’s shoes.

Lastly, the students enjoyed this educational process

and had fun. They bonded within their groups. In the

first year, the cook-off competition was held on the

final day of class. Feedback returned saying that

I would like to make a recommendation that the cook-off

happens early on in the course. I found the preparation for

the cook-off to be a great bonding moment for my group that

could have definitely helped the group’s cohesiveness early on.
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In response to this feedback, we moved the cook-off to mid-

semester for the following year’s class. As seen in subsequent

student evaluations, moving the cook-off to mid-semester

fostered collaboration and cohesiveness in the classroom.

Out of the 380 comments, only two comments in the

first year were negative, stating that the cook-off was boring

to watch other people eat. Adjustments were made to include

volunteer students to judge and taste the food, to include the

entire group in the presentations, to keep the process moving

expeditiously by completing the judging and presentations

simultaneously, award group food prizes after each disorder

and involving the whole class in judging the presentations

and deciding tie-breakers. There were no negative evalua-

tions in the following years.

Students found the cook-off exercise engaging and

relevant. Students actively participated, attained the

knowledge, mastered the skills and applied their learning

to create an appropriate and delicious food item. We

anticipate that, in the future, when these students become

physicians, a possible lasting impact of the cook-off will

be a heightened sense of empathy demonstrated in their

patient care. In addition, as reflected in the feedback com-

ments from students, the impact of this educational experi-

ence translates into an understanding of the challenges in

daily dietary compliance for patients living with a chronic

disease.

In conclusion, the cook-off competition blended the rele-

vance of basic science with empathy towards the patient

experience. In addition, in the social constructivism of food

preparation, learning was a fun bonding experience resulting

in collaboration and friendship within the student class.
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ium-chain acyl-CoA dehydrogenase; PKU, Phenylketonuria.
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