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Something I’ve always thought was odd about chemi-
cal engineering is how much of a secret it seems to 
be. If you ask a room full of 8-year-olds what they 

want to be when they grow up, you’ll often get civil-, me-
chanical-, computer-, and biomedical- engineering adjacent 
jobs (“I want to build things! Make robots! Program robots! 
Make robot arms!”) But unless you’re in a very chemical-
engineering-heavy location (looking at you, US Gulf Coast), 
you hardly ever hear anything ChemE adjacent. Informally 
surveying my classmates back in the day revealed much 
higher than average number of folks who were related to 
chemical engineers (for example, my uncle Bob’s a PhD in 
ChemE from U of Rochester and my dad Fred’s BS is from 
Clarkson). As this is not the most reliable way to populate a 
profession, ChemE faculty and students have quite reason-
ably turned to outreach as an alternative to drum up interest 
in the next generation through open houses events, STEM-
based clubs, and/or camps. 

In the last century, when I was a graduate student, my 
friend Jenny and I volunteered at a local elementary school 
providing STEM enrichment sessions once a week. We ran 
through the standard outreach activities — playing with the 
non-Newtonian-ness of water and cornstarch;[1]* cross-link-
ing classroom glue; designing “safety” suits so an egg could 
survive being dropped from the jungle gym… all manner of 
fun engineering and science activities that are appropriate 
and educational for kids ages five to seven. We were well 
into our second year of volunteering when it struck us that 
we’d done lots of things that were pieces of chemical engi-
neering — polymer science, fluid mechanics, engineering 
design — but nothing that actually was chemical engineer-
ing. Had the AIChE K-12[2] resources existed at the time, 
we absolutely would have. But since they did not, we were 
on our own to find a way to convey the idea that our profes-
sion is one where we design, operate, improve, and maintain 
processes for chemical transformation of raw materials into 
finished products! 

So, we sat down and brainstormed and, of course, it ended 
up being all about food, specifically design of a food process. 

This simplified process design activity is useful for outreach 
in K-12 and can take as little as 30 minutes if you have an 
audience who is familiar with soup or can be expanded to a 
couple of hours that includes lunch. In its simplest form, this 
activity only requires you, a group of interested participants 
(kids, first-year engineering students, even alumni!), and a 
large whiteboard or piece of poster paper. 

The optional first step is to make soup with your group. 
Jenny and I benefitted from our class having read the story 
“Stone Soup” the prior week, where they’d also gone ahead 
and collectively made a pot of soup for lunch. For those who 
aren’t familiar, the story of Stone Soup is a folktale about 
a traveler who tricks a town into feeding them by claiming 
to make excellent soup out of just a stone placed in boiling 
water.[3] The trick is that the traveler asks the townspeople 
to augment the flavor of the stone soup with their own veg-
etables added in one by one, ultimately resulting in a deli-
cious and filling soup shared between the traveler and the 
contributing townsfolk where the stone gets the credit (and 
the traveler gets free lunch!) There are a number of lessons 
one can draw from this story about sharing, teamwork, and 
the benefits of being clever, but for our purposes here, it 
presents a fine starting point for a kitchen-scale recipe for a 
pot of soup. This can be quite an important first step because 
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* We didn’t use the Science Buddies® resources for this, as our activities 
predate them, but I want to point you to this excellent resource for outreach 
ideas and activities.
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if the only thing your young audience knows about soup is 
“it comes from a can,” things can get rough very quickly.

Once you’re reasonable sure all the kids have at least a lit-
tle hands-on experience making soup, the next step is to get 
the group to collectively recount the steps they went through 
in making the soup. Draw them out of the crowd and list or 
draw them on the board. You might need to do a little coach-
ing to get steps the group misses, such as washing the ingre-
dients or stirring the pot. Capture all of the steps, including 
the parceling out of the bowls afterward. Also record how 
much they made — it probably won’t be in gallons or kg, but 
certainly they can tell you it was about one bowl per person. 

Now it’s time for the first brainstorming session. Get the 
students to think about scale. Without telling them direct-
ly, ask how they think soup is made in a large factory that 
makes thousands upon thousands of servings of soup in a 
day. I have been uniformly successful in getting younger 
children to tell me that it has to be something bigger than 
having 1000 people each with their own pot of soup. They 
readily understand that a factory must be involved. 

Finally, you’re ready for the truly fun part. Make sure you 
have a lot of drawing room on your whiteboard and that you 
can easily erase things to make space for additional equip-
ment. You are going to use the list of steps the participants 
gave you as well as (often shouted) feedback from the group 
to draw the Process Flow Diagram (PFD) for the Soup Fac-
tory. Kids love that they get a new term to use (PFD) and 
they love to coach someone who is drawing for them. For 
this part, it is helpful to have at least two ChemE adults 
working — one who is doing the drawing and one who is 
asking the kids which type of unit operation should come 
next and coaxing them to come up with bits that are miss-
ing. This is soooooo much fun, and kids have consistently 
amazed me by suggesting (with very little encouragement) 
the need for pipes, pumps, cleaning, sterilization, and even 
valves! They don’t always know the right words — “valve” 
can be a stretch — but they can describe that “you need the 
thing that you turn so the soup comes out or it stops!” A fun 
bonus here is that there are lots of vocabulary terms you can 
teach —reactor, pump, valve, heat exchanger, impeller, con-
tinuous, batch — and you can show them the official draw-
ings for the units. For children who are a little older — say 
9 or 10 — you can even estimate some sizes and flow rates 
that you’d need to make 10,000 servings of soup per day. 

Jenny and I went into this activity having constructed 
our own soup-factory PFD rather than using an actual one. 
Given the intellectual property protections involved in many 
food processes, it’s difficult to secure a real industry-tested 
PFD that you can share at the end as an example of a “real” 
answer. Frankly, I feel it’s better educationally not to have 
One True Answer that you are driving the group toward, as 
it is true that there are many ways to build a Soup Factory. If 
you would like to invite them to compare their version of a 

soup process with one from the real world, you can show the 
group a video from How it’s Made (or a similar show) that 
shows a large scale production plant and compare to what 
you came up with.** Leave time to discuss any differences!

One warning — Jenny and I experienced firsthand that 
the success of this assignment is a strong function of age. 
Buoyed by our terrific success with the kids ages 6 to 8, we 
went charging confidently into a kindergarten class and… 
flopped. In 1971, Piaget defined cognitive stages of develop-
ment, one of which is “concrete-operational.”[4] One element 
of this stage is characterized by being able to separate the 
idea of a thing into its parts. For example, you might ask a 
child how a bicycle works, and a child above this stage could 
point to the pedal being connected by the chain to a gear that 
is connected to a wheel, while a child below this stage (“pre-
operational”) just stares at you and says, “It goes!” The kin-
dergartners collectively couldn’t think of a soup factory as 
pieces that we’d put together — they just thought of it as a 
whole thing, which led to a rather awkward and extremely 
long 40 minutes for Jenny and me. 

A final optional part of the activity is for the kids to each 
draw their own PFD afterwards and label the pieces. This 
can be done live, resulting in a copy of what’s on the board, 
or it can be done as a follow-up assignment where the stu-
dents choose to make another type of soup or illustrate ad-
ditional parts of the factory. This bit is helpful for solidifying 
in students’ minds what process design is and how it’s differ-
ent from home (lab!) scale work. 

While soup doesn’t have to be the focus, it is a good op-
tion because it flows and requires reactions, heating, and 
mixing, all steps that both the average 7-year-old can grasp 
and that we know how to represent with unit operations. 
A final bonus is that this process results in a product that 
is likely familiar to the participants. You should definitely 
look around your local area to see if there’s a food, bever-
age, or other consumer product that meets all these criteria 
that is made nearby. Together, we can get our younger proto-
ChemEs ready to join us in our exciting profession!
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** I was excited to find a Food Network® video on how Campbell’s® Tomato 
Soup is made, but due to trade secrets, the video cuts from images of tomatoes 
being washed and sorted straight to images of sealed cans. Like I said, food 
processes are very proprietary.
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