Diagnostic
Detectives
MEDICAL HISTORY STEM ACTIVITIES DESIGNED BY
THE INTERNATIONAL MUSEUM OF SURGICAL SCIENCE

GRADES 6-8

FIVE CHAPTERS

Next Generation Science
Standards

At-Home Activities with
Supplemental Histories

CONTENTS

WWW.IMSS.ORG

Table of Contents
1

2

3

SEEING DOUBLE

CRAFTING A
CURE-ALL

THE GOOD AND
THE BAD

How Perception Works

Make Your Own Medicine

Grow Your Own Bacteria

4

5

6

LENDING A
HAND

THE ARTIFICIAL
HEART

GET SOCIAL!

Make Your Own Prosthetic

Engineering Design Challenge

Share your progress with us!

PAGE 1

Diagnostic
Detectives!
Medical history STEM
activities designed by
The International Museum
of Surgical Science
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These experiments and design challenges are
designed for students from 6-8th grade and are
aligned with the Next Generation Science
Standards, a national set of guidelines for
student understanding of science principles.
The Next Generation Science Standards have
also been adopted by Illinois as the state
standards for science.

Each activity includes a list of materials and
instructions with pictures to guide you along
the way. While a few activities require
specific items, most of the materials can be
substituted with other household items or
craft supplies. Experiment and get creative!
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Seeing Double
How Perception Works

DIFFICULTY:
Our eyes are deeply complex organs that process millions of units of information every second.
In fact, 70% of our body’s sense receptors are located in our eyes.
So, how do your eyes work? It all starts with light:
1. First, light bounces off of the objects around you and that light enters your eye.
2. Then the light passes through your pupil and lens to the retina at the back of your eye.
3. The retina contains light sensitive cells called rods and cones that change the picture into
nerve signals that are transmitted into the optic nerve.
4. The optic nerve carries the nerve signals to your brain.
5. Finally, your brain reads the signals and tells you what you're seeing.
Humans have binocular vision, meaning we see the world with two eyes. Since our eyes are a
couple inches apart, they each perceive a slightly different view. Our brain does the work of
combining these two views to create a 3-D picture.
Test your binocular vision!
1. Stand or sit still.
2. Close or cover one eye.
3. Hold your arm straight in front of you and point at a particular object in the room.
4. Switch eyes, but don’t move your arm.
Did it look like your finger moved? That's because each eye sees a slightly different view.

FUN FACT: X-rays operate using radiation waves. Instead of light bouncing off objects so we
can see them, X-rays reflect how much radiation is absorbed by different parts of the body.

12K gold-filled spectacles. Museum Collection xx1995.18

Gold-plated brass pince-nez. Museum Collection xx1995.20

Check out this old-fashioned eye wear. What similarities do you
notice between these and modern-day glasses? What differences?
Next Generation Science Standards
LS1.A: In multicellular organisms, the body is a system of multiple interacting subsystems. These subsystems are
groups of cells that work together to form tissues and organs that are specialized for particular body functions.
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CREATE A 3-D IMAGE!
You’ll be creating an anaglyph, which is an optical effect that uses colors to trick your brain
into seeing an image in three dimensions. If you have ever been to a 3-D movie and worn
blue and red glasses, you have experienced an anaglyph!
Look at these collections images while wearing 3-D glasses. (If you don’t have 3-D glasses,
you can create the same effect by holding a sheet of red cellophane in front of one eye and a
sheet of blue cellophane in front of the other.) Try closing one eye and just looking through
the red lens of your 3-D glasses. What do you see? Do the same for the eye with the blue
lens. Only the blue lines should appear under the red lens and only the red lines should
appear under your blue lens. Anaglyphs work by showing your eye two different images, one
blue and one red, which your brain interprets as depth, creating a 3-D effect.

W H A T YOU W I L L N E E D
3-D glasses OR blue and red cellophane
Drawing template (APPENDIX 1)
Black, red, and blue markers
Paper

IN S T RUCTIONS
Use our template (Appendix 1) or choose your own reference image to
create your anaglyph.
Sketch the outline of your image onto a piece of paper using black marker.
Next, get a new blank piece of paper and place it over your sketch. Trace
the sketch with a red marker. You may have to tape the papers to the
window in order for the image to show through.
Move the paper with the red just slightly to the side and trace the image
again with a blue marker. Your paper should now have two drawings
slightly offset, one in red and one in blue.
Put on your 3-D glasses and look at the anaglyph you just created!

1

2

Activity by Annagh Devitt

Take a moment to reflect on your creation. Jot down
your thoughts in a notebook.
What other ways can you test your binocular vision?
What other optical illusions have you come across?

3
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2 Crafting a Cure-All
Make Your Own Medicine
DIFFICULTY:
Imagine: you’re living in 1870 and you develop a cough.
You head to the pharmacy or apothecary, and the
pharmacist sells you the popular medication Dr. Thomas’
Eclectric Oil.
In the 1800s, Dr. Thomas’ Eclectric Oil was sold to the
public as a cure-all that claimed to clear up a number of
ailments including burns, colds, coughs, arthritis and
asthma. It even claimed to cure deafness in two days.
Dr. Thomas’ Eclectric Oil is an example of a patent
medicine, a term used to describe pre-packaged
medications sold over the counter at your local
apothecary with no doctor’s prescription. Patent
medicine often used dangerous ingredients to offer what
people needed most: pain relief. Many of these medical
concoctions contained substances to take away the
feeling of pain such as alcohol, morphine, opium and
cocaine. While these ingredients could mask the pain,
they had terrible side effects including overdose and
death. Prior to the 1900s, there was no requirement to
list ingredients on food products or medication, so it was
very difficult for patients to make informed decisions.
Consumers relied on advertisements, which were usually
misleading, to gain information.

Museum Collection xx2006.132
Advertising trade card for Ayer's Sarsaparilla

Museum Collection xx2006.123
Advertising trade card for Hop Pills

Museum Collection xx2006.188
Advertising trade card for Parson's Pills

Take a look at these medicine advertisements. How are they different from
today? What audiences are they trying to appeal to? What does the advertising
want you to believe? Do you think the advertisement is effective?
Next Generation Science Standards
MS-PS1-3: Gather and make sense of information to describe that synthetic materials come from natural resources and
impact society.
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CRAFTING A CURE-ALL
Get creative: grab a bottle, pick your ingredients and create your very own patent
medicine! Do you want people to feel better, or are you just out to make a quick buck?
Will your advertising be truthful? Are you trustworthy or untrustworthy?

Take a look at these toothache
recipes from Fenner's Complete
Formulary of 1877.

WH A T YOU W I L L N E E D
Plastic or glass bottles
Colored beads
Strips of colored paper
Sand
Ribbons

Buttons
Paper clips
Fabric
Or anything else you have lying around - get creative!
Be sure to pick at least 6 materials.

IN S T RUCTIONS
M a k e your medi c i n e
What substances will you include in your patent medicine? Choose one craft
material (e.g. colored beads) to represent each ingredient in your patent
medicine. You can use the list of commonly-used natural ingredients below or
create your own. Then, pick and choose your ingredients and combine them in
a bottle made of glass or plastic.
Opium
Cocaine
Mercury
Alcohol
Ginger
Licorice root

1

Effective at pain relief but highly addictive
Will cure fatigue, but can cause paranoia, delusions and addiction
Effective at curing skin ailments, but highly toxic
Effective at pain relief, but toxic in large amounts
Soothes stomach aches
Soothes stomach aches

C r e a te your labe l
Next, create a label to accompany the patent medicine you’ve created. How
will you market your creation? Create a name and image that you think will
convince 1800s consumers to purchase it. Activity by Sarah Pinsky

2

Take a moment to reflect on your creation. Jot down
your thoughts in a notebook.
What kind of advertisements do you see for medicine today?
Do you find advertisements for medications to be effective? Why or why not?
Do you think the advertisement you created would be effective today?
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3 The Good & the Bad
Grow Your Own Bacteria
DIFFICULTY:
When you hear the word “bacteria,” what’s the first thing that comes to mind? If you thought of
an infection or illness, you’re not alone. Many people think of bacteria as primarily dangerous.
But while bacteria can definitely make us sick, there are also trillions of good bacteria that are
essential to our survival!
Our bodies are like walking planets, made up of environments where different kinds of bacteria
live. Good bacteria help us digest our food, absorb vitamins and nutrients and fight against
infection. The current scientific estimate is that bacteria exist in our bodies at a 1:1 ratio to
human cells.
Different bacteria exist in different microbiomes in your body. Some microbiomes in the body
include the skin, the upper respiratory system (nose and throat) and the lower digestive tract
(intestines and rectum). When bacteria are in the right homes, they are happy and we are
happy. We sometimes get sick when bacteria are in the wrong environment or foreign bacteria
are introduced into our bodies.
Humans have a long history of using controlled bacteria to our advantage to produce fermented
foods such as beer, cheese, yogurt and sourdough bread. Scientists and engineers also use
bacteria to purify commercial wastewater and to create medications such as antibiotics and
insulin.

BACTERIA BUDDIES!

Color and illustrate your own bacteria buddies - the kind that help you survive!

See Appendices 2 - 6
Activity by Emily Baughman
Next Generation Science Standards
MS-LS2-4: Construct an argument supported by empirical evidence that changes to physical or biological components of
an ecosystem affect populations.
HS-PS1-5: Apply scientific principles and evidence to provide an explanation about the effects of changing the
temperature or concentration of the reacting particles on the rate at which a reaction occurs.
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GROW YOUR OWN BACTERIA!
You are a medical engineer who is cultivating bacteria to create a new medication. In order
to do this, you need to understand exactly which environmental factors promote bacterial
growth. You’ll complete an experiment to determine what temperature water creates the
best bacterial biome. You’ll use yeast as a stand-in for bacteria. Like bacteria, yeast is a
single-celled organism that thrives best in certain temperatures. Yeast consumes sugar, and
as it does so, it releases carbon dioxide. The more carbon dioxide released, the more sugar
consumed. This experiment tests what temperature water (cold, room temperature, or
warm) encourages yeast to consume sugar. Begin by stating a hypothesis. Which
temperature water do you think will be best for bacterial growth: cold, room temperature,
or warm? Why? Write down your prediction.

W H A T YOU W I L L N E E D
3 small/mid-sized plastic bottles
3 packets (or 6 teaspoons) of yeast
2 bins or buckets, large enough to contain
one of the soda bottles and some warm
water or ice
3 balloons
3 rubber bands
Ice
Warm water
Sugar (15 tablespoons)

IN S T RUCTIONS
Fill one bin with warm water and one with ice.
Fill the three empty bottles: one with cold water, one with room temperature water, and one
with warm water. Use the same water source for all three (e.g. tap water).
Fill each bottle with 5 tablespoons of sugar and shake to dissolve.
Pour one packet (or two teaspoons) of yeast into each bottle and immediately stretch the
opening of a balloon over the opening of the bottle. Secure with a rubber band.
Place the bottle of warm water into the bin of warm water, the bottle of cold water into the bin
of ice, and leave the room temperature bottle as is.
Watch the balloons and make observations. As the yeast begins to consume sugar, the balloons
should inflate with carbon dioxide. Which balloon is filling up the quickest?
NOTE: Once the yeast is activated in the bottles, don’t put the caps back on! The released
carbon dioxide can create enormous pressure inside the bottle.

Take a moment to reflect on your experiment. Jot
down your thoughts in a notebook.
Which balloon filled up the fastest? This is the water temperature that best promotes bacterial growth!
What other observations did you make?
Was your hypothesis correct? If not, how would you revise it?
Why do you think we refrigerate our food?
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Lending a Hand
Make Your Own Prosthetic

DIFFICULTY:
Prosthetics, or artificial replacement body parts, have been around for at least 3,000 years.
One of the oldest examples is an Egyptian mummy who was found wearing a prosthetic big toe!
Plenty of Greek and Roman texts mention prosthetics, which were usually made of wood during
that time. And we’re all familiar with an iconic prosthetic device: a pirate’s peg leg.
Replacement limbs have a long and storied history that spans the globe.
From the 15th-19th centuries, prosthetics in Europe were made from a variety of materials,
including wood, metal and leather. They could often be rotated and bent, and were operated by
cranks, pulleys, springs and cables.
Large-scale conflicts, particularly World War I and World War II, and the injuries that resulted,
catapulted prosthetic design into the modern era. Today, replacement limbs are made of all
kinds of synthetic materials and can be 3-D printed to exact measurements. The most modern
prosthetics can even be controlled by a person’s thoughts.

Museum Collection xx1995.988
Wood and leather artificial leg

Museum Collection xx1995.995
Steel artificial mechanical grasping hand

Museum Collection xx1995.987
Metal and wood artificial leg

Museum Collection 2002.1.378
Acrylic artificial eye

Check out these prosthetics from our collection to gain inspiration for what you'll create
in the next section! How have artificial limbs evolved over the past three centuries?
Next Generation Science Standards
MS-ETS1-1: Define the criteria and constraints of a design problem with sufficient precision to ensure a successful
solution, taking into account relevant scientific principles and potential impacts on people and the natural environment
that may limit possible solutions.
MS-ETS1-3: Analyze data from tests to determine similarities and differences among several design solutions to identify
the best characteristics of each that can be combined into a new solution to better meet the criteria for success.
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BUILD A PROSTHETIC LEG!
You’re a biomedical engineer and need to design your own prosthetic leg! This prosthesis
will replace one of your legs from the knee down, and you will wear it by bending your knee
and balancing it on your design. What do you think are the most important features of a
prosthetic leg? Some critical characteristics are strength, durability, longevity, shock
absorption, life-likeness and comfort.
The prosthetic leg you create today needs to be able to do three things: support your
weight, attach to your knee and be comfortable enough to rest your weight on it.
Before you start building, use a sheet of paper to brainstorm and sketch a design. How long
does your prosthesis need to be? Have someone help measure your lower leg from where it
bends at the knee. What materials can you use to support your weight? What materials will
be comfortable enough to rest your knee on? How will you connect the prosthesis to your
leg?

W H A T YOU W I L L N E E D
Tape measure or ruler
Scissors
Duct tape
Structural materials for the prosthesis.
Options include:
For body attachment: string, rope, twine

For leg structure: toilet plunger (unused), plastic pipes, metal
pipes, metal strips, cardboard tube (from wrapping paper roll),
wooden 2' x 4', thin metal duct material (to be rolled and taped
into a tube shape), all generally 1.5 ft long
For comfort: large sponges, scrap bubble wrap, scrap cardboard,
etc.

IN S T RUCTIONS
Use a sheet of paper to brainstorm and sketch a design.
How long does your prosthesis need to be? Have
someone help measure your lower leg from where it
bends at the knee.
Consider these questions: What materials can you use
to support your weight? What materials will be
comfortable enough to rest your knee on? How will you
connect the prosthesis to your leg?
Build your prosthesis! Get creative and test out
different materials and approaches to achieve
structural stability and comfort.
On the right is our prosthetic leg! We used many layers
of cardboard to create a strong structure, bubble wrap
to make it comfortable and red yarn to attach it. Yours
can look like ours or it can look totally different.

Take a moment to reflect on your creation. Jot down
your thoughts in a notebook.
What materials did you use? Why?
How did you construct the prosthesis to bear your weight?
Is your prosthesis comfortable? Can you use your prosthesis to walk?
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5 The Artificial Heart
Engineering Design Challenge
DIFFICULTY:
Which part of our body defines us as human beings? If you asked an ancient Egyptian, they’d
say it’s our hearts. They believed that the heart was the home of the soul and gave people the
ability to think and feel.
One thing is certain: without a heart, we would not survive. Our hearts do the important job of
pumping blood through our lungs, where it picks up oxygen, and then that oxygenated blood is
sent out to the rest of the body to produce energy.
In a healthy heart, blood only travels in one direction. In order to ensure this one-way flow, the
heart has four valves. A valve is a structure that controls and directs the flow of fluids, and our
four heart valves ensure the one directional flow of blood. What other examples of valves can
you think of? The four valves in the heart are the aortic valve and the pulmonary valve (the
semilunar valves) and the mitral valve and the tricuspid valve (the atrioventricular valves).
They all open and close at precise times to allow blood to travel through them.
Certain diseases can damage our heart valves, making them stiff and swollen or loose and
floppy. This causes the valves to malfunction, either not letting blood through properly or
letting blood spill back the wrong way. If this happens, sometimes a patient needs to have their
valve replaced. Biomedical engineers have developed artificial valves that can be surgically
inserted into the body, some made of organic animal tissue and others made of metal, wire and
plastic. Take a look at these artificial valves from our Museum collection:

Museum Collection 1996.19
Alvarez infant aortic heart valve

Museum Collection 1996.14
Starr-Edwards aortic heart valve

Museum Collection 1996.31
Wada-Cutter mitral heart valve

Museum Collection 1996.61
Duromedics bileaflet aortic heart valve

What do you observe about these heart valves? How do these devices
let blood flow one direction but not the other?
Next Generation Science Standards
MS-ETS1-1: Define the criteria and constraints of a design problem with sufficient precision to ensure a successful
solution, taking into account relevant scientific principles and potential impacts on people and the natural environment
that may limit possible solutions.
MS-ETS1-2: Evaluate competing design solutions using a systematic process to determine how well they meet the criteria
and constraints of the problem. (Grades 6 - 8)
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BUILD A HEART VALVE!
You are a biomedical engineer designing a valve replacement to help save the life of a
patient. How can you design a valve that only allows the flow of blood in one direction?

W H A T YOU W I L L N E E D
One model heart box (a box with an incomplete
dividing wall, see photo)
Small, curved objects to represent blood, such as:
marbles, dried beans, corn kernels, round
beads

Craft supplies you might find around the house, such as:
construction paper, cardboard, popsicle sticks, index
cards, string, aluminum foil, scotch tape

IN S T RUCTIONS
1. Prepare large-scale heart model.
The heart model is a cardboard box divided into two equal
sections by a dividing wall. This dividing wall should have a
gap in it so that both sides are connected by a small space.
This model represents two chambers of the heart. Your job
is to construct a device that will allow objects to flow one
direction in the box but not the other.
2. Pour the “blood” (we used dried chickpeas) into one side of the
box, and tip it so that they roll through the gap in the dividing
wall to the other side. This represents blood flowing from one
chamber of the heart to another.
3. Start brainstorming how you might build a heart valve that
allows the “blood” to flow in one direction and not the other.
Begin by sketching your ideas. What will it look like? What
materials will you use? On the right is what ours looks like, but
yours can look totally different. There are many designs that
will work.
4. Build your valve and test it out. Does the "blood" successfully
flow in one direction?
5. How about the other direction? Count how many
marbles/beans/beads it lets through either way and write down
your findings.
6. Think about how your valve might be improved and make
adjustments as needed. Test the effectiveness again. Were you
more successful or less than your last try?
7. Continue to improve and test your design until you’ve
successfully built a valve that lets blood flow in one direction
but not the other.

1

2

4

Take a moment to reflect on your creation.
Jot down your thoughts in a notebook.
Did your valve work effectively? Why or why not?
What materials did you use and why?
What were the pros and cons of each material?
How did you improve your design?

5

3
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Get Social!
Share your progress with us!

Tag us on social media!
In s t agram: @su r g i c a l m u s e u m c h i c a g o
F a c e book: @ims s c h i c a g o
T w itte r: @IMSS _ C h i c a g o

Use our hashtag!
# I M SSDiagnosti c D e t e c t i v e s

Email us your photos!

We want to see your progress! Share your
progress and finished project photos with us
for a chance to be featured in our upcoming
newsletters and social media. Your photos
may also be shared nationally with the
Association of Science and Technology
Centers initiative!
Share your progress photos with us and
receive a complimentary one-time family
pass to the Museum!

S e n d to info@ims s . o r g w i t h t he
s u b j ect "Diagnos t i c D e t e c t i v e s"

We won't share your photos publicly without
your permission and written release form.
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