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food for thought

( “Food for Thought” explores the relationship between food/drink and chemical engineering processes/concepts. j

DESIGN FOR LEARNING (AND SNACKING)

MARGOT A. VIGEANT
Bucknell University ® Lewisburg, PA 17837

promise I am about to talk about a super exciting class

project/activity that students enjoy and learn from. But

first, let’s talk accreditation! The 2024-25 ABET Criteria
for Accrediting Engineering Programs, criterion 3, contains
seven student outcomes including: “2. An ability to apply
engineering design to produce solutions that meet specified
needs with consideration of public health, safety, and wel-
fare, as well as global, cultural, social, environmental, and
economic factors.”!!)

There’s a lot happening in that outcome! And, as usual,
I’'m here to tell you that food can help. By creating a food-
product and process design experience for your students,
you can give them a taste of the interaction of engineering
design with each factor. I’ve done variations on this with
seniors, first-years, and as K-12 outreach, on time scales
from three weeks down to three hours.

Here are the essentials — you provide students with raw
materials, tools, and background to create variations on a
particular food product, along with the directive that they
must set and achieve specific goals and produce certain doc-
umentation. They prototype, assess the prototypes, and iter-
ate to their optimum product. They fully specify their prod-
uct, how their goals are achieved, and the process by which
the product is made. And it’s fun if this is capped with final
celebratory conclusion, perhaps with some light competition.

Okay, that was boring. Here are three fun versions of this
activity:*

Granola Bar Design. In three hours, take oatmeal, cereal,
marshmallows, and a wide array of accessory flavors and
edible adhesives and create a granola bar that tastes good,
holds together, costs less than $X in raw materials, has no
more than 100 kcal/l1 bar serving, has a label in line with
US labeling standards, and meets at least one other team-
specified and justified outcome (e.g., gluten free, salable in
US and EU). The session ends with each team presenting its
product and sharing for a taste test. Optionally, you can as-
sign points for different aspects of the work (completing the
label, cost, and so on) and have a group-wide competition.
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Salad Dressing Design. Twenty-five students discover
lab stations with blenders and a stockroom full of butter-
milk, various oils, thickeners, herbs, and spices. There is
also equipment that tests for viscosity, color, opacity, pH,
and density measurements. Carrots are used in both adhe-
sion and taste testing. The challenge? Over the next several
weeks, develop a set of requirements for “ranch” dressing,
prototype and select a formulation for that recipe, draft
the process, and manufacture it. The whole experience is
capped with a time-limited festival of process implementa-
tion, where teams earn bragging rights (not directly related
to their grade) for successful implementation of their small-
scale manufacturing process — if the dressing comes out
within specifications, they can “sell” it and yield a profit in
addition to snacking rights.

Gummy Snack Design. Across a 1.5-2 week period, have
students warm up their design muscles by making gummy
candy. Students develop a set of requirements that are re-
sponsive to a target audience (e.g., parents of young children,
vegans on a road trip, folks with religious dietary restric-
tions) in a particular country and responsive to that country’s
labeling and other food regulations and requirements.

Each of these projects came from a backwards design pro-
cess by the author or by the author in collaboration with a
student researcher. In each case, we were seeking to provide
an authentic yet rapid chemical engineering product (and
sometimes process) design experience, addressing each of
the elements of the ABET criterion cited above, as well as:
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e Have opportunities for both technical quantitative mea-
surements and subjective measurements on the product

e Have the ability to prototype and test within the allotted
timeframe (a class or lab period)

e Produce prototypes and products with equipment that
we can either make available to each team (e.g., bowls,
blenders) and/or that we can have all teams successfully
share (refrigerator)

* Have a wide possible solution space and lack a widely
agreed upon “right” answer

* Be a somewhat familiar food for most participants
* Be as safe as possible for as many participants as possible

e Exist in a regulatory framework that could be either
understood or simplified for application within the
timescale of the experience

How do these design experiences tie back to the criterion
cited above? While it is possible to use these projects to hit
upon the criterion’s elements multiple times, the following
mapping works as a minimalist starting point:

e “Meet specified needs” — Students/faculty set goals for
the design and assess their design against these goals.

e “Public health, safety, and welfare” — Students gener-
ate full label information for their products, including
nutrition, health claims, and allergy warnings. Bonus:
This also means students have interacted with standards
in their design, another ABET expectation."

*  “Global, cultural, social” — Students identify and do
some level of research on what is desirable in their food
product and what regulations apply to it in their target
market (which may cross international borders).

e “Environmental” — Students determine how much waste
results from their approach.

e “Economic factors” — Students calculate a raw materi-
als cost per serving and compare it to current products.

And this is just the minimal set — you can build additional
depth across these considerations by asking students to do
calculations (e.g., life cycle analysis), reading, and reflec-
tion. I find that it takes a multi-class experience with some
type of formal report to have a design that fully addresses all
aspects of Student Outcome 2 (as is expected by ABET), but
the shorter experiences make for a good warmup to broader
considerations within engineering design.

We find that the amount of scaffolding for the project has
a trade-off with the time allotted. For example, the granola
bar project was initially designed for the least experienced
engineering audience. Therefore, it is supported by handouts
and worksheets that make it relatively easy to calculate the

* Handouts and materials for all of these activities are available here:

https://bit.1y/4jZiePf
**In large, covered, plastic boxes in a closet or, you guessed it, my office.
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calories in the final product. For gummy bears, by contrast,
it’s okay to ask senior students to research the applicable
regulations and present the full nutrition label themselves.

The technical measurements for each of these products
were tailored so they could be made at scale without much
expensive equipment. For example, granola bars were as-
sessed for cohesion by suspending the bar between two sup-
ports for 1 minute and measuring its deflection (or, in many
cases, its utter collapse). For salad dressing, we used an in-
clined plane for relative viscosity and reading letters through
a defined amount placed on a glass slide for opacity. A quick
perusal of ASTM standard tests for various foods reveals
that tests of this nature are quite common as rapid useful
assessments that give rapid consumer-relevant data without
significant analytical lab expense. Another reason we mostly
used homemade simple measurements is food safety. It’s
a very good idea to have equipment that is used for “food
only.” Your EHS officers will frown upon measuring the pH
of dressing with the same instrument that is in use for typical
titrations (we used pH test strips). Until we had a food-safe
laboratory, we ran all of these experiments in classrooms
that we cleaned before and after use, using exclusive equip-
ment (bowls, mixers, etc.) stored outside of laboratories.**

To make your experience safe for all learners, it’s impor-
tant to pay attention to allergies and dietary restrictions your
students may have. Granola bar design is fun and can be
executed with materials at a typical grocery store. However,
there are many common allergens among typical granola in-
gredients. It’s important to check on this ahead of time, par-
ticularly for anyone with severe nut or peanut allergies. The
gummy candy project was explicitly developed as a low-al-
lergen alternative to granola bars. However, gummy candies
are so small that it’s difficult to make good measurements on
them, and they also take some time to solidify. Salad dress-
ing (and similar condiments) have a solution space that can
be both low in allergens and avoid many dietary restrictions.

I would be remiss if I didn’t suggest some way to assess
all of this. Each element of the ABET criterion should be
embedded in the grading rubric and linked to something ob-
servable in the end-of-project documentation (report, memo,
presentation, video, etc.) Some of them can be related to spe-
cific requirements that you impose. I operationalize “public
health, safety, and welfare” as well as regulatory compli-
ance as something captured in the creation of the food label.
Other elements, such as consideration of global and cultural
concerns, can be assigned sections for the students to ad-
dress in their writing or slides. And bingo — you have not
only demonstrated student engagement with this important
criterion, you also have a snack!
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