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Lesson Plan Title Intro to Bioengineering Outline 
 
Teacher Name  
 
Date  
 
Grade Level 4 - 6 
 
Abstract/ Description  
 
Introduce students to the field of bioengineering through design of mini bioreactors. 

 
Standards & Objectives   
 
USOE Core Standards for Science: Standards and Objectives 
 
3rd – 6th grade Intended Learning Outcomes 

1. Use Science Process and Thinking Skills 
2. Manifest Scientific Interests and Attitudes 
3. Understand Important Science Concepts and Principles 
4. Communicate Effectively Using Science Language and Reasoning 
5. Demonstrate Awareness of the Social and Historical Aspects of Science 
6. Understand the Nature of Science 

 
Applicable USOE Core Standards for Science 
 

1. Use Science Process and Thinking Skills: 
Grade Level          Applicable Intended Learning Outcomes 
 
4                         - Observe simple objects and patterns and report their observations 
                           - Make simple predictions and inferences based upon observations 
                           - Use instruments to measure length, temperature, volume, and weight using 

appropriate units 
                           - Conduct a simple investigation when given directions 
 
5-6                      - Observe simple objects, patters, and events and report their observations 
                           - Given the appropriate instrument, measure length, temperature, volume, and 

mass in metric units as specified 
                           - Compare things, processes, and events 
                           - Plan and conduct simple experiments 
 
 

2. Manifest Scientific Interests and Attitudes:  
 
Grade Level          Applicable Intended Learning Outcomes 
 
4-6                       - Pose questions about objects, events, and processes 
 
 

http://schools.utah.gov/CURR/science/Core.aspx
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4. Communicate Effectively Using Science Language and Reasoning:  

 
Grade Level          Applicable Intended Learning Outcomes 
 
4-6                       - Record data accurately when given the appropriate form and format 
 
 
Timeline (days, hours, etc.)  
 
Module #1:  
Introduction - (5 minutes) 
Presentation  - (10 minutes) 
Inquiry Activity – (20-30 minutes) 
Discussion - (15 minutes) 
Optional Extension - (5-30 Minutes) 
 
 
Materials and Estimated Cost   
 

• Yeast – (1lb = 53 tbs, 160 tsp – min need 13 tbs) $3.00 
• Sugar (2.5 lbs = 90 tbs – min need 30 tbs) $2.00 
• Balloons – (25 - min need 12) $4.00  

o NOTE: It is best to use all one kind/color of balloon, as different brands and 
colors can expand differently 

• Mini Water Bottles (~8 fl oz, min need 12) $8.00 
• Thermometer if using temperature as variable (optional) 
• Tablespoons 
• Measure cup (optional) 
• Cloth tape measure or string to measure balloon size 
• Colored pencils for graphing purposes 
• Microwave 

 
 
Preparation   
 

• Prepare Workspace: Create a suitable environment for the experiment 
o Set up a place for the students to do the experiments (tables, chairs). 
o Use a Tupperware container or put plastic over floor or table to aid in clean-up. 
o Create an organized set-up for students to obtain materials. 
o If temperature of water will be a variable (optional) have a warm water source (hot 

water out of tap, be careful it isn’t scalding) and cold water source (ice water or cold 
water out of tap works great)  

o If possible, have materials already measured out so it is easier for students to begin 
experimentation. 

• Print off worksheet – available at http://bundy.byu.edu/outreach.html 
o NOTE: Worksheet can be modified to suit different age groups, eg. so that older 

students can write their own hypothesis rather than circling it. 
• Optional – lead a discussion or short presentation during breaks between measurements. This 

http://bundy.byu.edu/outreach.html
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might include topics such as: What is happening in my reactor? How are reactors used in the 
real world? What does a chemical engineer do? 

• Optional – bring bread as an introduction to yeast. Students can observe the bread and 
discuss the air pockets in the bread and how they are made. 

 
Core Instructional Activities   
 
Introduction 

• Optional Intro Activity – Have students observe their pieces of bread and discuss their 
observations. They should discuss the presence of air pockets in the bread and how they are 
formed. Then discuss as a class that yeast is used in bread-making to make the bread fluffy; 
the yeast is what creates these air pockets. 

• Explain how big a yeast cell is (use: http://learn.genetics.utah.edu/content/cells/scale/) 
o NOTE: If using a presentation between measurements, this can be done as part of the 

presentation instead. 
• Play Video available at http://bundy.byu.edu/outreach.html  (Note: If you do not have access 

to the video discuss how microscopic (invisible to the eye) organisms are used to make many 
different products.  Examples include using baker’s yeast (saccharomyces cerevisiae) to 
make bread and using the same organism to produce millions of gallons of ethanol.  This 
ethanol makes up 10% of the fuel in Utah cars and is what sanitizes our hands in hand 
sanitizer.  Large reactors (tanks) are needed to grow the baker’s yeast to make the ethanol we 
need.  Today our task is to engineer the best conditions for our reactor’s using minireactors.) 

• Pose the engineering problem: How do we get yeast cells to grow fastest in our reactor so 
we can make the most ethanol?   

 
Review the Engineering Design Cycle and the Steps to Scientific Inquiry: 
Engineering Design Cycle 

• Ask Questions 
o As a part of this step, we need to perform a scientific experiment to get information 

about what affects our reaction. 
• Imagine Possible Solutions 

o Based on what we learn from our scientific experiment, we can think of ways to 
make our yeast grow fastest 

• Make a Plan 
o We can design a reactor based on what we know about our reaction 

• Create/Test 
o Test the reactor design to see how it performs 

• Improve 
o What could change about our reactor design to make it work better? 

 
Scientific Inquiry 

• State the problem as a question 
• Make observations 
• Form hypothesis (possible answers) 
• Design an experiment 
• Collect, record and analyze data 
• Draw conclusions based on your experiment analysis 
• Repeat: Perform the experiment again under different conditions to discover what more you 

can learn. 
 

http://learn.genetics.utah.edu/content/cells/scale/
http://bundy.byu.edu/outreach.html
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Presentation 
• Explain that before we can design our reactor, we need to find out what variables affect our 

reaction. Discuss with the students possible variables that could have an effect on yeast 
growth. 

• Have students make a hypothesis about what variable will be most important (Temperature, 
Yeast Amount, Sugar Amount, Mixing) 

• Have students get into groups of 3-5 based on what they think is most important variable and 
give each group the corresponding worksheet. 

• Explain the worksheet 
o Explain what a variable is 

 (a condition you can change and test its effect) 
 Why is it important to only have one variable? 

o Explain what a hypothesis is  
 (a guess you can test) 

o Explain what to record where 
o Explain how to make the graph with the data 

 
Procedure 

• Walk through procedures (Can use procedures video) – Keep this part interesting and 
interactive by asking questions and using metaphors 

o Blow up balloon 3 times to stretch it out. 
o Put 3/4 cup (8 oz) of water in a bottle or pour out ¼ of 8 oz water bottle water and 

microwave for about 7 min for 10 water bottles (It is important the water is warm for 
the balloons to grow quickly. Over-heat or under-heat water bottles if testing 
temperature effects). 

o Add 2 Tbsp. of sugar 
o Add 1 Tbsp. of yeast 
o Place balloon on top of bottle 

 NOTE: To reduce the amount of gas lost, put the yeast into the balloon using 
a plastic funnel or a funnel made from rolling a piece of paper. Then put the 
balloon over the bottle and tip it up, pouring the yeast into the solution. This 
also makes it easier to synchronize the experiments so all students can take 
measurements at the same time. 

o Swirl the water bottle 3-5 times or until well mixed. 
o Let sit for about 10 to 25 minutes 

 As balloon begins to fill, have students measure the circumference with 
string at 5 minute intervals 

 NOTE: Groups testing the effects of mixing can either continuously swirl 
their reactors or can swirl them at set time intervals (every 30s, every 1 min, 
etc.) 

 NOTE: Another possible format is to start the experiment before recess and 
then have the students do a single measurement when they come back. 

o Record Results 
 
 
Guided Practice: Inquiry Activity  
 
Students Perform Experiments 

• Students fill out worksheets in their groups to design experiments for their variable 
• Students begin the experiments 
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o Walk among students, helping where needed 
o Provide feedback when needed 

• Students record results with aid of worksheet 
o Have students measure and record results every 5 minutes 

• Have students plot their data on the graph 
 
Discussion and Conclusions  
 
Discuss Experiment Results 

• Have students present their results 
o Individual groups doing the same variable come together to discuss their results 

and come to a conclusion 
o Have each of the 4 variable groups present their conclusion 

 Did the results match your hypothesis?  Why or why not? 
o After all the groups have presented for one of the variables, go over a summary 

of the results with the class and discuss what these results tell us about the effect 
of this variable. 

• Discuss which variables effected yeast growth 
o What conditions made the yeast grow faster? 

Conclusions/Brainstorm Possible Solutions to the Engineering Problem 
• Discuss with the students how the results of the experiment help us solve our engineering 

problem 
o Based on our results, how do we want to design our reactor to allow the yeast to 

grow best? 
• Possible discussion/application questions 

o What makes the balloon fill up? 
o What is being consumed in the reaction? What is being produced? 
o What is the sugar used for? 
o What is yeast? What are some current uses for it? 

 
Optional Extension Activity  
 
Make a plan/Create/Test 

• Based on the results of the experiments, have the students design a reactor for optimal 
yeast growth 

• Have the students test their reactor design 
o Measure size of balloon over time again 

• Have the students report their results in the form of a graph, short paragraph, or another 
appropriate format.  

o Ask the students what might they change about their design in the future 
 
Disposal  
The materials used can be disposed of using normal school waste bins for municipal solid waste  
(same material as in bread dough) but the room will smell yeasty if the balloons come off.  The 
easiest way to dispose of everything is to put it all in a big trash bag (doubled) and seal it off.  
Smaller trash bags to seal each experiment once it is completed would also really help to prevent 
a yeasty smell.  Also a couple of buckets with seals will help with the smell.  Note that the 
balloons will eventually pop off due to growth. 
 
 


