
 
 

Biotechnical Engineering Detailed Outline
 
Unit 1 – Safety and Documentation Review (9 days) 
  

Lesson 1.1 – Biotechnical Engineering Procedures (9 days) 
  

Concepts Addressed in Lesson: 
1.    Project documentation is necessary to solve complex design problems and 

provide accurate communication. 
2.    Journals are used to document communication and the entire design process.  
3.    It is critical that lab instruments are giving reliable results (precise) and are 

representative (accurate) of what they are supposed to measure. 
4.    Workers in a biotechnical laboratory must follow safety procedures to protect 

themselves and others. 

 
Essential Questions 

  
1.    Project documentation involves many components. What are the components 
and why are they necessary for effective communication? 
2.    Why is laboratory safety so important? 
3.    In the event of an emergency in the laboratory, what steps should you take to 
keep yourself or your classmates safe? 
4.    If you were to measure incorrectly, how would you know and what could happen 
to your experiment results? 
5.    What is the difference between accuracy and precision?  
6.    How do accuracy and precision play a vital role in a design process. 
 
 

Unit 2 – Introduction to Biotechnical Engineering (29 days) 
 
Lesson 2.1 – Biotechnical Engineering History and Industry (21 days) 

  
Concepts Addressed in Lesson: 
1.    Biotechnical engineering involves the application of biological and engineering 

concepts in order to design materials and processes that directly measure, 
repair, improve, and extend living systems. 
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2.    Historically, the use of engineering concepts has aided scientists to further their 
knowledge of biological information and engineers by using scientific principles to 
enhance their design solutions. 

3.    The rapid rate of new biological discoveries is due in a large part to scientists’ 
knowledge and their use of engineering concepts.  

4.    The fields of biotechnology are interconnectedby the common elements of living 
organisms. 

5. There is a correlation between what is happening in the financial markets and 
what drives the biotechnology industry. 

 
Lesson 2.2 – Lessons from Prometheus (8 days)  

  
Concepts Addressed in Lesson:  
1.    Technology in the life sciences cannot be studied without considering the impact 

of new technologies and the potential to benefit or harm living systems.  
2.    In order to make policy decisions regarding bioethics, it is important to 

understand what variables shape one’s ethics and how those variables are 
distributed in society. 

3.    Due to the controversial nature of bioethical issues, they generally pose 
questions that have no clear-cut easy answers.  

4.    Bioethical issues involve questions of responsibility and obligations to others; 
such as, doing what is right involves reflecting on one’s values, moral principles, 
and self-image. 

5.    Making decisions about the use of technology involves weighing the trade-offs 
between the positive and negative effects. 

6. Consequences of actions need to be considered for the individual, for others, and 
for society as a whole. 

 

Essential Questions 
Lesson 2.1  
 
1.     What is biotechnical engineering? 
2.    How did important events build on previous knowledge? 
3.    Which events, people, or ideas related to biotechnical engineering are most 

important to remember? Why? 
4.    What industries work with or mainly develop biotechnically engineered products? 
5.    Explain how biotechnical-engineered products impact the development and 

production of products and services that may improve or extend life? 
6.    Explain how world events impact biotechnological advances? 
7.    What areas of biotechnical engineering have a direct impact on your personal life 

and how does that affect you? 
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Lesson 2.2 
  
1.    What is the difference between values and morals? 
2.    How do morals differ from ethics? 
3.    What are the parameters that shape an individual’s ethics? 
4.    What is bioethics? 
5.    Why is it important to consider the bioethical issues of technological 

advancements? 
6.    What steps might be used in determining the societal and environmental 

ramifications of biotechnology research? 
7.    Why is it important to be open to different perspectives? 
 
 

Unit 3 – Biochemical Engineering (30 days) 
  

Lesson 3.1 – CSI Forensics: Engineers Needed (30 days) 
  

Concepts Addressed in Lesson:  
1.    Engineers provide the technological advances necessary for the identification 

and processing of DNA. 
2.    Advances in the techniques of DNA sequence analysis and DNA amplification 

has revolutionized medicine and forensic science. 
3.    The wealth of DNA sequence information that has recently been achieved has 

led to the development of a new field in biotechnology called bioinformatics. 
4. The ability to rapidly perform comparative analysis pathology data and large 

databases of genetic information can potentially save lives and prevent human 
suffering. 

 
Essential Questions 

  
1.    What is DNA? What language is it written in?  
2.    Why is it important to know about DNA? 
3.    What does DNA look like and how does its structure aid in its ability to replicate? 
4.    What techniques are necessary to attain an uncontaminated DNA sequence that 

can be compared to known data genetic bases by a forensic scientist or a 
pathologist? 

5.    How are DNA sequences compared to each other? 
6.    Why is bioinformatics the future of biotechnology? 
7.    What impact has forensics had on solving criminal investigations? 
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8.    What are the limitations of forensics?  
9.    What possibilities still exist in the field of forensics? 
 
 

Unit 4 – Environmental and Agricultural Engineering (21 days) 
  

Lesson 4.1 – Grow to Go (44 days)  
  

Concepts Addressed in Lesson:  
1.    Whole organisms can be used as bioreactors to produce useful products instead 

of practicing complex synthetic approaches in the laboratory. 
2.    Chemostats are important tools of process engineers that require aseptic 

techniques and a thorough understanding of microbial metabolism. 
3.    Optimization of reactants or substrates is critical for efficient use of bioreactors. 
4.    Bioprocessing can lead to novel approaches of renewable energy. 
 
Essential Questions 

  
1.    How can the rate of fermentation be measured? 
2.    What are some limitations in using end product analysis when measuring 

biological processes? 
3.    How can microorganisms move people or cargo? 
4.    What are the important considerations in running a chemostat? 
5.    How can waste be removed in a bioreactor? 
6.    How can energy conversion efficiency be measured? How does this process 

compare to the method used in your yeast mobile? 
7.    What types of vehicles can be fueled by renewable energy? 
 
 

Unit 5 - Biomedical (61 days) 
  

Lesson 5.1 - Biomedical Engineering (12 days) 
  

Concepts Addressed in Lesson:  
1.    Extensive and detailed engineering plans exist to better assist professionals at 

work. 
2.    Continued product evaluation must exist to improve equipment and meet the 

needs of patients. 
3.    Extensive communication and documentation are essential throughout the team 

of professionals. 
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4.    Continued education must exist in order to advance with changes in technology. 
   

Lesson 5.2 - Orthopedics (30 days) 
  

Concepts Addressed in Lesson:  
1.    The human musculo-skeletal anatomy is the primary support system in the 

human body. 
2.    The human skeletal system has five functions that affect the quality of human life. 
3.    Common disorders of the human musculo-skeletal anatomy can be overcome by 

use of artificial orthopedic devices.  
4.    A variety of specialized materials can be used for joint replacement devices. 

   
Lesson 5.3 – Cardiovascular Devices and Imaging (19 days)  

  
Concepts Addressed in Lesson:  
1.    Normal cardiac function can be accurately measured and abnormal cardiac 

functions can be diagnosed using a medical tool called an ECG. 
2.    Some cardiac defects can be corrected using prosthetic devices such as heart 

valves or stents. 
3.    The heart is an electrical as well as a mechanical organ which produces electrical 

fields that can be measured. 
4.    Electrical signals correspond to the cardiac cycle. 
 

Essential Questions 
Lesson 5.1  

  
1.    Who benefits the most from an engineer’s design of medical equipment? Why? 
2.    How do the following play a role in the designing of medical devices or 

environments? 

o  Engineer 
o  Physicians 
o  Nurses 
o  Medical technicians 
o  Patients 
o  Medical support staff 

3.    What is product liability? How could it affect an engineer’s work? 
4.    How does product liability relate to the concept of over engineering a design? 
5.    How does an engineer utilize a Product Development Lifecycle for improving 

biomedical devices? 
  

Lesson 5.2  
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1.    What are the five functions of the skeletal system? 
2.    What two major functions do muscles perform in addition to movement? 
3.    How does the muscular system assist the skeletal system in body movements? 
4.    How could an engineer utilize knowledge of the skeletal system and muscular 

system in designing joint replacements? 
5.    What are the major divisions and subdivisions of the skeletal system? 
6.    What are the major types of joints? 
7.    What body region represents each type of joint? 
8.    How would an engineer apply his/her knowledge of the skeletal system to the 

workplace? 
  

Lesson 5.3  
  

1.    How does myocardial infraction or heart attack affect the pathway of blood flow 
and the functions of the heart? 

2.    How do the electrical signals correspond to the cardiac cycle? 
3.    What are some examples of prosthetic devices that are used for correcting 

cardiac defects? 
4.    What are some examples of prosthetic devices that are used for monitoring 

cardiac defects or functions? 
5.    What aspects about cardiac physiology and anatomy are the most significant for 

the engineering of cardiac prosthetic devices? 
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