The World of Fermentation Instructional Materials
For students
Background information
We often think of scientists and engineers as doing similar things.  Scientists and engineers often work together to solve some of the problems facing us such as production of biofuels, development of disease treatments, sustainable food production, and space and oceanic exploration.  In this story we will explore how the work of engineers and scientists is complementary. 
Before Reading
1. In what ways do you think science and engineering are similar?  In what way are they different?
2. Give an example of a question that a scientist would pursue?
3. Give an example of a question that an engineer would pursue?
After Reading

4. What similarities and differences between science and engineering were described in the story?
5. Revisit the example questions that you said a scientist and an engineer would pursue.  Do they fit the descriptions in the story?
6. Are engineering questions or science questions more interesting to you?  Explain your answer.
For the teacher

1. Handout the student worksheet and read and discuss the introduction as a class.
2. Have students answer questions 1 – 3 individually.  Pool students’ ideas.
3. Have students read the Fermenter Story and answer questions 4 – 6.
4. As a class, compare students’ sample questions to the questions in the story.  Note that the questions words how and why may not be enough for students to distinguish engineering questions from science questions, because the words can often be interchanged.  Have students focus on whether their question is about improving a process by applying things we already know (engineering) or finding new information (science).  In the end, the distinctions are not always clear.
5. Have student discuss their preferences for one career or the other.

Extensions and Variations

1. Extend the learning with the Data Dive: Boosting Yeast’s Appetite for Sugars by having students learn about how scientists are using directed evolution techniques to create mutant yeast strains that can ferment all of the sugars in plant biomass, not just the glucose.
2. Conduct the Fermentation in a Bag investigation comparing simple sugars like sucrose, glucose, xylose as the food source for yeast.

3. Conduct the Fermentation Challenge investigation to discover different fermentation rates of feedstocks and why some carbohydrates are easily fermented by yeast while others are not.

4. Have students conduct their own fermentation experiment through CB2E: Converting Cellulosic Biomass to Ethanol by investigating the process of converting cellulosic biomass into sugars (glucose) and then into ethanol
Next Generation Science Standards (2013)
Performance Expectations:
High School:

· 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.
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