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Lesson Focus
This lesson focuses on the application of engineering to create a heart beat restoration device called a “defibrillator”.
Lesson Synopsis

This lesson activity explores what a defibrillator is, how a defibrillator works to restore a chaotic heart beat, the different forms of defibrillators, and the electrical signal (ECG or EKG = Old Terminology) that controls the heart beat.  Students learn how applied engineering solved the biological systems problem called “ventricular fibrillation”.  Finally, students learn how to monitor their own heart beat signal using an ECG Monitor and how motion affects their ECG.

Age Level
Grade 7 (13)


Objectives:

· Learn about the purpose of a defibrillator
· Learn how the defibrillator works
· Learn about the heart’s electrical system (ECG)

· Learn about the engineering problem solving and design process
Anticipated Learner Outcomes

As a result of this activity, students should develop an understanding of:

· What a defibrillator is
· How a defibrillator works
· What their own heart’s ECG looks like
· How engineering solves real problems
· How engineering solutions impact society

Lesson Activities

Students view a PowerPoint presentation to get an understanding of what the defibrillator is and how it works to restore a dysfunctional heart beat (ECG).  The students also view a video clip of the defibrillator in action.  Students learn about the lives of the individual engineers who contributed to creating the modern defibrillator.  Finally, the students actively participate in monitoring their own ECG.

Alignment to Curriculum Frameworks

See attached framework sheet


Resources / Materials

· Teacher Resource Documents (attached)
· Student Resource Sheet (attached)
· Student Worksheet (attached)

Internet Connections

· www.websites.medmatrix.com
· www.bridgeporthospital.com
· www.emsc.nysed.gov
· www.medicalmachinesonline
· www.cde.ca.gov/be/st/ss/scgrade7.asp
· www.nsta.org/standards
Recommended Reading

The Design of Everyday Things by Donald A. Norman (ISBN: 0465067107)


Optional Activity

Complete the Student Worksheet (attached)

Alignment to Curriculum Frameworks

California State Board of Education – 7 Grade Curriculum Content:

· Structure and Function in Living Systems

5. The anatomy and physiology of plants and animals illustrate the complementary nature of structure and function. As a basis for understanding this concept: 

b. Students know organ systems function because of the contributions of individual organs, tissues, and cells. The failure of any part can affect the entire system. 

· Investigation and Experimentation 
7. Scientific progress is made by asking meaningful questions and conducting careful investigations. As a basis for understanding this concept and addressing the content in the other three strands, students should develop their own questions and perform investigations. Students will:
a. Select and use appropriate tools and technology (including calculators, computers, balances, spring scales, microscopes, and binoculars) to perform tests, collect data, and display data.
National Science Foundation Education Standards, Grades 5-8 (Ages 10-14)
· Content Standard E:  Science and Technology

As a result of activities in grades 5-8, all students should develop

· Abilities of technological design

· Understandings about science and technology

· Content Standard F:  Science in Personal and Social Perspectives

As a result of activities, all students should develop understanding of

· Science and technology in society

· Content Standard G:  History and Nature of Science

As a result of activities, all students should develop understanding of

· Nature of science

· History of science

National Science Foundation Standards for Technology Literacy (All Ages)

· Nature of Technology
· Standard 3:  Students will develop an understanding of the relationships among technologies and the connections between technology and other fields of study.

· Technology and Society
· Standard 7:  Students will develop an understanding of the influence of technology on history.

· Design
· Standard 10:  Students will develop an understanding of the role of troubleshooting, research and development, invention, and innovation, and experimentation in problem solving.

· Abilities for a Technological World
· Standard 13:  Students will develop abilities to assess the impact of products and systems.

Teacher Resources

· Lesson Goal

Explore how engineers have developed a product for restoring a dysfunctional heart beat, called “ventricular fibrillation”.  Students experience the heart’s electrical system (ECG) by monitoring their own ECG.
· Lesson Objectives

· Students learn about the function of a defibrillator
· Students learn about the heart’s electrical system (ECG)

· Students learn how applied engineering can solve medical problems

· Materials

· ECG machine
· ECG signal leads
· ECG signal patches
· Laptop

· LCD projector

· PowerPoint presentation

· “The Simpsons “ Video clip showing the application of a defibrillator to Homer Simpson

· Introduction Script

· PowerPoint presentation notes

· Inventor Script – James Francis Pantridge (Irish)

· Inventor Script – Dr. V. Eskin (Russian)

· Inventor Script – Claude S. Beck (American)

· ECG notes

· Procedure

1. Show the defibrillator PowerPoint presentation.
2. Show the Simpson’s video clip after viewing the slide showing “What is a Defibrillator?”

3. Present each Inventor Script after viewing the slide, “showing “Engineers from around the World”.

4. Monitor the ECG of a student volunteer while sitting, standing, and moving about.
5. Monitor the ECG of as many additional student volunteers as time permits.

· Time Needed

30 minutes
· Introduction Script

Many of you might not think that an engineer has anything to do with a doctor’s office, and instead might get an image of a civil engineer drawing up blueprints for a building, an electrical engineer wiring a building, or a chemical engineer in a laboratory.  However, most devices that we use and take for granted today are directly from an engineer.  Engineers develop useful tools for just about every aspect of life, from engines in automobiles, to software and computers, to even scuba diving gear, all were brought to you by an engineer.  Since medicine and technology are becoming even more integrated today, it is almost impossible to find an aspect of a hospital or doctor’s office that remains untouched by the hands of an industrious engineer.  After all an engineer is simply someone who applies their knowledge of math and science to make life easier.
One device in particular that we will be focusing on today is the defibrillator, and we will show you how many different engineers from all over the world contributed to developing this life saving device.  But now we will show you some clips demonstrating the prevalence of the engineering profession today.

· PowerPoint Presentation Notes

1. Ventricular Fibrillation - Chaotic electrical activity in the heart’s conduction system causes low or no blood flow.

2. Defibrillator stops all electrical activity in the heart in order to allow normal electrical impulses to regain control.
3. Internal Defibrillator - Pacemaker monitors high risk patients and is automated to go off when the patient’s ECG becomes disrupted.
4. External Defibrillator - Most common in their automated form, the defibrillator diagnoses the patient and sets appropriate power levels.  The unit will not allow a shock to be administered to someone who is not in need of one.  Recent models have a voice recording to guide the process of defibrillation, allowing people with minimal medical knowledge to aid someone undergoing ventricular fibrillation.
· Inventor Script - James Francis Pantridge (Irish)
Faith and begora, my name is James Francis Pantridge, as you can tell by my accent I’m from the Emerald Isle.  I’m here to tell you about me design for a defibrillator, eye-dee-die-dee-die.  During my work at the Royal Victoria Hospital in Belfast I helped develop CPR, which led me to realize that most patients needed to be treated for Ventricular Fibrillation before ever getting to the Hospital.  To solve this problem I developed the Mobile Coronary Care Unit first used in 1957.  The only problem was that the device weighed a whopping 70 kilograms, that’s 154 of your American pounds, making the device as practical as a Leprechaun without his gold.  Eventually I developed the portable defibrillator, weighing in at just more than 6 pounds in 1968.  Later I refined the External Defibrillator to be automatic letting normal people like me and you save someone’s life.  I am an engineer because I found a new way to use an old device, an automobile, to bring new services to people who had been unable to receive them previously!!!

· Inventor Script – Dr. V. Eskin (Russian)
Greetings comrades! I am Doctor Eskin and I developed the closed chest defibrillator in 1950 for the glory of Soviet Russia.  Although the most famous person you might know from my country is Ivan Drago, my innovation was key to defibrillators as we know them today.  Before the closed-chest defibrillator, the device was only used in severe emergencies since the patient’s chest had to be opened to deliver the electric shock.  Thanks to Soviet government success in Chernobyl, father country has great use for my invention.  Now the patient can be treated for ventricular fibrillation without performing life threatening surgery.  I am engineer because my compassion for others led to an innovation that improved medicine and helped many people!!!

· Inventor Script – Claude S. Beck (American)

How are yeh? My name is Claude S. Beck and I developed the open-chest diffibalata.  Afta studying neurosurgery at Havad I transfa’d to Westen Resev Univesity where I began studying cadiovascular surgery.  My case is so special because I saved the fehst human life by applying the defibrillata paddles directly to the haht in 1947.  At fehst I simply massaged the haht when ventricular fibrillation occurred, but this didn’t always prove itself effective.  Afta testing my methods on animals I successfully resuscitated a human being, and paved the way for many more to come.  My love of experimentation and advencha in science makes me a great engineer!!!

ECG Notes
1. There are many engineers behind the scene who rarely get recognized for what they do. These engineers are cool people too!
2. Now we will show you what an actual heartbeat looks like using another device developed by an engineer.

3. This device is called an ECG machine, that’s short for electrocardiogram.
4. An ECG transforms heartbeats into a visible graph so that medical professionals can analyze a patient’s heart rate.
5. Who wants to be hooked up first? 
Student Resources

Students are encouraged to perform some research on the defibrillator and the heart’s electrical signal (ECG) before attending the learning session.  The following internet pages provide a research starting point.  Don’t overlook your local library resources.
· Defibrillators
http://en.wikipedia.org/wiki/Defibrillator
· ECG Signal
http://en.wikipedia.org/wiki/Electrocardiogram

Student Worksheet

· Draw a picture of your normal heart beat ECG after sitting down and resting to stabilize your heartbeat.

· Draw a picture of your normal heart beat ECG after standing up and down five times.

· Explain the difference between your two ECG drawings.

· Explain why there is a difference between your two ECG drawings.
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