Teacher Guide ;?- Engineering
.3) Tomorrow

Pharmaceuticals:
Designing & Producing Effective Medicines

NEW FOR 2025-2026!

% Relevant real-world examples added: Youtube videos on painkillers including Ibeprofen and acetaminophen
% Relevant real-world examples added: Youtube videos on the drug discovery process
* Quality check was performed to ensure web links still work and equipment lists are up to date.

Total Time ~75-100 minutes

27 minutes to watch the lab introduction video

20-30 minutes to build and test their drug delivery system
20-30 minutes to build a second iteration

~5-10 minutes closing activity or discussion

Optional Extension:
e Biological Drug Processing and Cell Fermentation

Important: Schedule a 30-45 min Zoom session at your designated class time and meet with an Engineer and
College Engineering Student. We will meet your class wherever they are: Introducing the lesson, Building &
designing, Testing, or Analyzing results.

Hook/Essential Question Why might drugs be administered in different ways, like by mouth or by
injection?

ET Pharmaceuticals Kit materials can be found at the end of this file.
Supplies to Have in Class e colored tablets, water soluble stabilizers, napkins

Additional Items to Consider Having on Hand:
e Water
e Paper Towels to clean up any spills
e Sink, drain, or bucket to dump liquid at the end of the lab
e Other types of paper to test and/or tape to secure the tablets

NOTE: The videos below should be unblocked for teachers-only if presenting the
student workbook to the whole class OR for all students if they are completing the
student workbook on their school devices

Main Workbook
= https:/www.youtubeeducation.com/watch?v=bNYc5|Hfsgs
= https:/www.voutubeeducation.com/watch?v=uOE7TDmHBgM
- https:/www.youtubeeducation.com/watch?v=6YXag5oNU6k
- https:/www.voutubeeducation.com/watch?v= Oxos77flsmc
(Optional Extension #1)
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https://www.youtubeeducation.com/watch?v=bNYc5JHfsqs
https://www.youtubeeducation.com/watch?v=u0E7TDmHBqM
https://www.youtubeeducation.com/watch?v=6YXag5oNU6k
https://www.youtubeeducation.com/watch?v=Oxos77fIsmc
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Class #1

Introduction and Procedure

Watch the Engineering Tomorrow: Pharmaceuticals Intro Recording on the
Pharmaceuticals webpage either as a class or assign background section as
pre-work (see above).
-> Have students answer the comprehension questions in the first 31 slides of
the student workbook
-> Watch the rest of the video that outlines the instructions for the challenge.

Student teams begin to build and test drug delivery prototypes — research
designs, review materials, test the initial design concepts and describe in their
student workbook or worksheet

(1workbook or worksheet per team suggested)

Class #2

Work Time and Testing

=> Complete Prototypes #1 and 2 if not already done in previous class
=> Determine Final Prototype Design and Test It

=> Students measure the performance and determine which of the 3 designs
was the best at matching a 5-second and a 30-second medicine delivery
system.

=> Student teams summarize and reflect on their final plane design and
performance in the workbook or worksheet

Part of Class #3

Possible Closing Questions
and Activities

Class Discussion Question: As more and more people suffer from cancer, what
other types of medications and treatments are you aware of?

Or watch the inspiring Keynote Speaker Video: (~25:00 -1:14:00 ) featuring a Q&A
with ET’s Milton Davis and Dr. Liagliang Hao, leading expert in cancer technology,
at the Koch Institute. https:/www.youtube.com/watch?v=9_ASw20sNWE

INTRODUCTION TO ENGINEERING TOMORROW:

e Click here to see anintroduction of what Engineering Tomorrow can do for your students.

INTRODUCTION TO THE ENGINEERING DESIGN PROCESS:

e Students should complete the Engineering Design Process Introduction Activity before starting the lab
o NOTE: This activity only needs to be completed before the student’s first ET lab, not repeated

for every lab.
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https://www.youtubeeducation.com/watch?v=5eKdZ0dVCCo
https://engineeringtomorrow.org/labs/pharmaceuticals
https://www.youtube.com/watch?v=9_ASw20sNWE
https://www.youtube.com/watch?v=hgAX78g2M88
https://docs.google.com/presentation/d/1aBOgalGiRTa2zVILvACqz9ccBupsXQrUNynZx957H70/edit?usp=sharing
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TEACHER NOTES:

e Students will work through the Pharmaceuticals: Student Workbook or complete the Abbreviated
Student Worksheet.

o  When assigning this lesson on Google Classroom, first make a copy of the slides to save within
your Google Drive, then assign so that each student has their own copy.

o Theworkbook and worksheet are designed to be interactive so that students can type directly
into thefiles. Itis suggested that the workbook or worksheet be completed over a few class
periods (as the information is delivered to students).

o Students may work individually or within groups (at the discretion of the instructor).

ASSESSMENT:
e Informal assessments can be completed by looking at the reflection slides within the Student
Workbook and/or the discussion questions in the Abbreviated Worksheet.

e Answer Keys for the Student Workbook or Student Abbreviated Worksheet can be given upon teacher
request.

PRE AND POST WORK IDEAS:

e Pre-work Assignment - students watch an 8 min video that briefly highlights methods of drug
administration

EXTENSION ACTIVITIES:

e Play Quizlet or Kahoot to review concepts concerning drug delivery

Curriculum Connections: Students will be able to:
e Aligns with chemistry and biology curriculums e Analyze real-world problems and use critical
in high school thinking skills in order to solve them
e Chemical Engineering: using math, science, and e Explore developments in drug delivery systems

e Designand build a small-scale dual delayed drug
. release delivery system using material provided
coating to delay the release of colored tablets e Explain the engineering process as it pertains to

in.side the huma.n boc'iy o their design and reflect on opportunities to
e Biomedical Engineering: designing and improve it

constructing drug delivery devices

engineering concepts to design an enteric
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https://docs.google.com/presentation/d/1WeDFxigWB9JnV0boa-dkRm2PseuB-OM6LE8vTuCkAYg/edit?usp=drive_link
https://docs.google.com/document/d/1rT_ovojqTfvhhBc-8VMyjXXcMSLDaW8Mtt3RIkA7VFE/edit?usp=sharing
https://docs.google.com/document/d/1rT_ovojqTfvhhBc-8VMyjXXcMSLDaW8Mtt3RIkA7VFE/edit?usp=sharing
https://www.youtube.com/watch?v=EakBZqmmfMQ
http://quizlet.com/
https://kahoot.com/
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Content Vocabulary/Terms:

Pharmaceuticals: chemical substances used for the prevention or treatment of a disease, and to help restore or
correct functions in the body

Drug Delivery Systems: engineered technologies for the targeted delivery and/or the controlled release of the
active pharmaceutical ingredient in the human body

Diffusion Flux: the movement of particles

Fick’s First Law of Diffusion: diffusion flux from high to low concentration is directly proportional to the
particle’s concentration gradient

Polymers: materials of long, repeating chains of molecules

NEXT GENERATION SCIENCE STANDARDS:

HS-ETS1-1. Analyze a major global challenge to specify qualitative and quantitative criteria and
constraints for solutions that account for societal needs and wants.

HS-ETS1-2: Design a solution to a complex real-world problem by breaking it down into smaller, more
manageable problems that can be solved through engineering.

HS-PS1-5: Apply scientific principles and evidence to provide an explanation about the effects of
changing temperature or concentration of the reacting particles on the rate at which a reaction occurs.

MATERIALS:

TEACHER'S KIT

Materials will be distributed throughout the class.

Item/Link Quantity Photo

Box of Paper Clips 1 C

Colored Tablets and 2jars (>30

1jar (230 students)

students)
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https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ETS1-1%20Evidence%20Statements%20June%202015%20asterisks.pdf
https://www.nextgenscience.org/pe/hs-ets1-2-engineering-design
https://www.nextgenscience.org/pe/hs-ps1-5-matter-and-its-interactions
https://www.amazon.com/Officemate-OIC99916-Paper-Clips/dp/B000Q5Z8TW?crid=GTD95U6C29XH&dib=eyJ2IjoiMSJ9.t22B4phOUbc28pO5c8aoJU3jQe8A9j69OHv6AFzJz_6NCJ5cKIWGAqa4Bql9-T5s5RkvemLzPo_SXtPwVi3Um26dDVYKCS7oUrrOmsuO6tZwnCByXDe9HSCO1w5Nit2XhpFXW7V_3Gx3R9s3UOeDUdNSz2sNUguYp-MPgN64Qf4LikTtJIMLR46oakQyLQyKOtXbx7WaniwMeCLUvtyRLXDfZlEIkKTcq4HTh1K851byz8bVmxHsJWziE4-wAEPD_YwU1CqZIbS803-g-Ff0jy3EbKSxXFkSzJ-4TKSQ9LU.grlgKnxYymR58R9BGpQm8bTiWPveaOtqCbpGJzbUgnU&dib_tag=se&keywords=paper%2Bclip&qid=1718900868&sprefix=paper%2Bclip%2Caps%2C140&sr=8-15&th=1
https://www.amazon.com/dp/B0875GMQM8?ref=fed_asin_title

Teacher Guide EEngineering

Tomorrow

Pharmaceuticals:
Designing & Producing Effective Medicines

Materials Cont.>

STUDENT KIT ITEMS

1kit: 3 students

Item/Link Quantity Photo

10
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https://www.amazon.com/Sulky-Soluble-Stabilizer-7-875-Inch-486-08/dp/B0018N97ZM/ref=sr_1_7?crid=2PBGPPUO6MX5J&dib=eyJ2IjoiMSJ9.B980iNeY3KO5cMfciefzGxT0wER94O_02xNcnGEn4RMR8Bql65g0AGTIU09jcuKFvtO6owhrGHWhEeWh4CjWab1RLL1p9oSC-btwQCzG8MmE835Bwg3vEySDiMhf_aydYCJOdzrBjykYwGuutqmZeyktPhKUSv_aLP1XBZ0eNOBup4qRFygEtBJm6aB3l0vRvpKqLywCAzz6s3EAYcsigcrtDPnocsQQ2uG9wEkBe59wNgjmEVQgpMx3bYOBWZIxiyuBN0efS96ufU4OBh4UkAmSUZI_Nbzmjc7SGS3oJwE.lzKcncdnR93NLopWsr_HbLqL9E6rHDgECFYyAI1TkL0&dib_tag=se&keywords=water+soluble+stabilizer+strips&qid=1718220930&sprefix=water+soluble+stabilizer+strips%2Caps%2C271&sr=8-7
https://www.amazon.com/Vanity-Fair-Everyday-Napkins-Count/dp/B0014E89WM/ref=sr_1_7?crid=1U5QOATIUJJBJ&dib=eyJ2IjoiMSJ9.EZPtBExDHXlBvZILl-OQoR6IGSDNtGO_BPxiMQZi-cD6bsuu9x15-zoOZMPMm8EN_gVBbtAqJdoGLqbTuwVAApDzaoTNf06hWvOL5E5aYlDI2PY1PcL4lC3unGA-42mAWrbbS6yGEI6p19R5eseMZamFt6w7jbp2IACQNEh2Utmx5GdhOu0Ud6yH6Vz9jg3xtgRguw69Lxxe5ier9nH6S2X8DwubxsBax3ZxjovAiMFQupPzm9IwKr1q7nWcWKMvNlEqpavWMZF5toMt3VNmZnTI4uCDo9AtDWcJC8Q_nyQ.rEnkGXuV24NHDQ5HFU-OUUUegH5_k-t550OJoP8yDvQ&dib_tag=se&keywords=napkin&qid=1718837206&sprefix=napkin%2Caps%2C113&sr=8-7
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