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OVERVIEW OF LAB:

DESCRIPTION: 

This major lab consists of 4 separate activities on cardiovascular function that can be used alone or in any combination. Activity 1 deals with measuring EKG, Activity 2 deals with measuring Heart Rate, Activity 3 deals with measuring Blood Pressure, and Activity 4 deals with measuring Breathing Rate. All 4 activities provide an introduction on how to perform these simple procedures to obtain data, provide a basis for learning how to use the scientific equipment involved, and learn what the “numbers” or “graphs” mean. This can lead students into an inquiry based lab approach as to what factors may change an EKG, Blood Pressure, Heart Rate, or Breathing Rate. (Such factors may include a persons gender, age, athlete vs. non-athlete, drugs – such as caffeine or exercise.) It may also lead students into inquiry based labs as to the relations between two or more of the variables looked at in these labs. For example, if exercise is done prior to doing these 4 activities, what affect will this exercise have on EKG, Heart Rate, Breathing Rate, and EKG.
Each lab may require up to a five (5) period block of time as follows:


1/2 period  - Elicit prior knowledge and misconceptions


2 periods - 
Work with computer and other instruments; record data


1/2 period  - Students will design their own experiments


2 periods -  
Run student generated labs, discussion of results, application, and assessment

CURRICULUM CONSIDERATIONS: 

This lab will ideally fit into any General or New York State Regents Biology curriculum. This lab can also be used in AP or College Biology Programs. 

These activities are designed for use with the Human Physiology topic in the NYS Biology Syllabus - specifically, Transport mechanisms, structure and function (heart). In the new Living Environment Core Curriculum-Draft, these labs align themselves with Performance Indicator 1.2.  They also address standard numbers 1, 2, and 5 of the Learning Standards for Mathematics, Science and Technology.
REAL WORLD APPLICATIONS: 

All activities are directly related to real world applications. A student’s blood pressure, heart rate, breathing rate and/or EKG may be taken at sometime in the near future (if not already done). Students will now be able to understand for themselves what the terms and “numbers” mean. They may also gain some understanding of the inter-relatedness of these cardiovascular functions.

SAFETY CONSIDERATIONS: For safety of students and equipment, all directions must be followed exactly as given. Special attention should be paid to the following:

· Follow the general safety guidelines for your particular school.

· For safety of students and equipment, all directions must be followed exactly as given.

· Treat all equipment with care. They are finely tuned instruments and should be handled as 

    such.

· For all of the activities described, make sure the student removes the sensors before 

   moving from their seats.

· Some activities may require a person whose cardiovascular functioning will be monitored to perform some exercise (e.g., jogging in place) for several minutes. Do not perform this activity if vigorous activity will cause discomfort or be hazardous to the health of the person.

BACKGROUND INFORMATION:

A.  SCIENTIFIC VIEWPOINT: In the first activity, the EKG sensor will measure the electrical current associated with the polarization and depolarization of heart muscle tissue during heart contractions. The Science Workshop program records and displays the EKG  (heart voltage signal) produced by the heart as the chambers contract.  One part of a typical EKG is a “flat line” or trace indicating no detectable electrical activity. This line is called the isoelectric line. Deviation from this line indicates electrical activity of the cardiac muscle. The first deviation from the isoelectric line in a typical EKG is an upward peak followed by a return to the isoelectric line.  This wave is called the P wave.  The P wave is caused by the depolarization of the atria and is associated with the contraction of the atria. This will be measured by the P-R interval in the lab. Following atrial contraction, there is a downward trough called the Q wave.  Shortly after the Q wave, there is a rapid upswing of the line called the R wave followed by a strong downswing of the line called the S wave and then a return to the isoelectric line. These three waves together are called the QRS complex.  This complex is associated with the contraction of the ventricles which occurs immediately after the curve is recorded. This will be measured by the QRS interval in the lab. After a short period of time the ions that have been involved in the contraction migrate back to their original locations.  The movement of these ions generates an upward wave that then returns to the isoelectric line.  This upward peak is called the T wave and represents ventricular recovery. The complete electrical activity on the ventricals (which includes the QRS complex and the T wave) will be measured by the Q-T interval in the lab.

In the second activity, the Heart Rate Sensor will measure heart rate. Every beat of your heart sends blood flowing through arteries, capillaries and veins.  All day and night the heart’s rhythmic contractions pump blood to all parts of the body.  The heart keeps the blood circulating to deliver oxygen and food to the cells and to remove wastes.  If circulation stops, even for a short time, the cells deteriorate to the point that they will not survive.  Heart rate is one of several measurable statistics that can be used to determine an individual’s cardiovascular health.  The average heart rate for a teenager is 70 beats per minute.  It is important to remember that individual heart rates will vary greatly from person to person and factors affecting heart rate include gender, weight, genetics, emotional state, physical fitness and medication.

In the third activity, Blood Pressure will be taken with a sphygmomanometer. Blood pressure is a measurement of the force of blood against the walls of the arteries. There are two measurements to a blood pressure reading (e.g., 120/80). The first number is called the systolic pressure and the second number is diastolic pressure. The systolic pressure represents the pressure in the arteries when the ventricles contract and pumps blood from the heart to the lungs and to the rest of the body. The normal range of the systolic pressure is from 90-130. The diastolic pressure is the pressure in the arteries between ventricular contractions. The normal range of the diastolic pressure is from 60-89.

In the fourth activity, respiration rate will be taken with a Breathing Rate Sensor. Breathing rate is defined as the number of breaths taken per minute. Respiration rate depends on several factors: altitude, lung capacity, health, and level of activity. Higher altitudes and levels of activity would tend to increase respiration rates. Larger lung capacity and generally good health would tend to decrease respiration rate.

B. COMMON MISCONCEPTIONS:

	MISCONCEPTION
	CORRECT CONCEPT

	Your EKG always remains the same.
	EKG’s can very in the course of one day.

	The major use of the EKG is to determine whether or not the heart is beating.
	EKG measures the electrical conductivity of the heart.

	EKG measures blood flow.
	EKG measures the electrical conductivity of your heart.

	There is no pattern to the “bumps” on an EKG.
	There is a definite pattern to the “bumps” on an EKG and they each have a specific “meaning”.

	Differences in heart rates among students indicate health problems.
	Heart rate differs from person to person.

	Heart rate is fairly uniform.
	Heart rate varies depending on various internal and external factors.

	There are no differences in heart rate.
	Heart rate varies from person to person and may be influenced by body mass, sex, age, etc.

	An athlete has a higher heart rate (at rest) than a non-athlete.
	Athletes tend to have a slower resting heart rate.

	A student’s heart rate value should always conform to the normal.
	A student’s heart rate value will vary due to internal and external conditions.

	Individual variations are not caused by outside factors.
	Heart rates are affected by internal as well as external factors. (e.g. food, drink, illness, fitness, drugs, etc.)

	An EKG is not dependent on heart rate.
	The faster the heart rate, the faster the time interval between EKG spikes.

	Blood Pressure is the same throughout you entire body.
	Blood pressure depends on where the blood pressure is taken.

	Blood pressure tends to remain constant.
	Blood pressure can change due to internal and external variables.

	Breathing rate is never dependent on heart rate.
	Heart Rate and Breathing rate usually go hand in hand.

	A person with a more rapid heart rate has a higher blood pressure.
	There is no direct correlation between heart rate and blood pressure.


OBJECTIVES:

1. Utilize computer based technology to investigate a living system.

2. Collect and graph data on Heart Rate.

3. Design an experiment to measure the effect of various stimuli on Heart Rate.

4. Compare the results obtained and suggest why various factors effect Heart Rate.

5. Collect, graph and interpret data from an EKG recording.

6. Describe a typical EKG and relate what all the “bumps” mean.

7. Design an experiment to measure the effect of various stimuli on an EKG.

8. Collect and interpret Blood Pressure.

9. Design an experiment to measure the effect of various stimuli on Blood Pressure.

10. Collect and interpret Breathing Rate data.

11. Design an experiment to measure the effect of various stimuli on Breathing Rate.

12. Design experiments to see how one variable (such as heart rate) may affect another variable (such as breathing rate or blood pressure).

13. Defend or refute prior ideas concerning cardiovascular function.

EQUIPMENT/MATERIALS:


PROVIDED BY SOTM:

	ALL LABS
	ACTIVITY 1
	ACTIVITY2
	ACTIVITY 3
	ACTIVITY 4

	laptop computers

 PASCO interfaces w/ cables

	EKG sensors

electrode patches (3 per student)
	Heart Rate sensors
	Blood Pressure Digital Monitor
	Breathing Rate sensors


· Teacher’s Note: Use the following guidelines to determine how many sensors and lap top computers 




        will be needed. Put students in groups of two to four. Have two to four students per 




        computer (this is one station)

PROVIDED LOCALLY:  (These depend on student design but suggested materials for some design options are given.)


coffee (caffeinated), milk


sugar

             caffeinated soda (i.e. Pepsi, Coke)


caffeine free soda

chocolate bars


area to exercise 

ADVANCE PREPARATION:

We highly recommend that teachers have laptops and interfaces already connected and set up at individual lab stations.  We also suggest that individual lab packets containing heart rate probes be at each individual lab station.

Before recording data on the computer, click on the “Mon” (monitor) button to check that the sensor is picking up the heart beat properly. If the heart beat data drops to a value which seems inappropriately low, check the sensor and re-position it on the  ear lobe. 

For the inquiry based labs, some potential choices for student investigations may include:  The Effect of Caffeine on Heart Rate, The Effect of Sugar on Heart Rate, The Effect of Exercise on Heart Rate, the Effect of a Person’s Sex and/or Size on Heart Rate, etc.

REFERENCE TABLE 1

	 CAFFEINE CONTENT  OF 
	VARIOUS    
	SUBSTANCES 
	

	Substance
	   mg.
	Substance
	   mg.

	Coffee (6 oz.)
	100
	Pepsi-Cola (12 oz.)
	35

	Tea (6 oz.)
	50
	Mountain Dew (12 oz.)
	54

	Hot Chocolate (6 oz.)
	5
	Milk Chocolate (1 oz.)
	6

	Coca-Cola (12 oz.)
	46
	Dark Chocolate (1 oz.)
	20


II. PRE-LAB

PRE-LAB EXERCISE TO ELICIT STUDENTS’ PRIOR KNOWLEDGE AND MISCONCEPTIONS:

Activity A:

1. Have students define terms such as EKG, blood pressure, heart rate, and breathing rate.

2. Construct a word map that illustrates the factors that affect heart rate, EKG, blood pressure or breathing rate.

Activity B:

           Choose one of the above factors and predict how and why that factor would affect heart rate.

Activity C:

Pass out the questionnaire that is located on the next two pages. From this questionnaire, you may be able to see student’s misconceptions or prior knowledge on the subject. The questionnaire may be broken down into specific parts if not all activities are done. Questions 1 – 6 deal with EKG, 

7 – 12 deal with heart rate, 13 – 16 deal with blood pressure, and 17 –18 deal with breathing rate.


A quick answer key to the questions is given below:


1. D

10. D


2. A

11. D


3. D

12. A


4. D

13. A


5. A

14. D


6. D

15. A


7. D

16. D


8. D

17. A


9. A

18. D

NAME _____________________________________________


Period _____________

Cardiovascular Function Questionnaire 
Directions:  Read each of the following statements and decide whether you agree or disagree with each.  If you agree place the letter “A” to the left of the question, and if you disagree, place “D”.  If you disagree, add a comment or explanation. If you agree, you may add a comment or explanation. Use the space below each question.

_____ 1.  An EKG is only used in medical emergencies.




Comment:

_____ 2.  An EKG shows the electrical activity involved in the contractions of the heart muscle.




Comment:

_____ 3.  The main medical use of an EKG is to show whether a person is dead or alive.




Comment:

_____ 4.  An EKG is easy to read and requires little training.




Comment:

_____ 5.  An EKG wave can be changed by internal and/or external factors.




Comment:

_____ 6.  Abnormalities of the heart beat cannot be detected with an EKG.




Comment:

_____ 7. A person’s heart rate (beats of heart per minute) does not vary.




Comment:

_____ 8. The resting heart rate of athletes is usually higher than the resting heart rate of non-athletes.




Comment:

_____ 9. Your pulse rate reflects your heart rate.




Comment:

_____10. The higher your heart rate, the higher your blood pressure will be.




Comment:

_____11. There are no differences in the heart rates of males and females.




Comment:

_____12. When you exercise, your heart rate increases.




Comment:

_____13. Blood pressure is a measure of the force of blood in your arteries.




Comment:

_____14. Blood pressure is a measure of the force of blood in your veins.




Comment:

_____15. Blood pressure is a measure of how hard the heart has to work.




Comment:

_____16. Blood pressure remains the same throughout your body.




Comment:

_____17. Breathing rate can be changed by external and/or internal factors.




Comment:

_____18. Breathing rate is dependent on heart rate.




Comment:

DISCUSSION OF PRECONCEPTIONS:

Go over pre-lab Activity A together in class. Using a student volunteer to record information on the overhead projector or  the board,  elicit responses from the class to reconstruct  a collaborative word map. Accept all ideas, opinions and explanations.  This is the time to uncover all misconceptions.  The goal is to make students aware of the different ideas held by students.  Inform students that their lab activities will give them an opportunity to support or refute their ideas. Teacher can check students’ hypothesis for cause and effect reasoning.

Divide students into lab groups of 3 or 4 to discuss Activity B. Students should discuss the factor chosen and come up with a problem or hypothesis to test.

Activity C: Questionnaire – Handout questionnaire before the unit on cardiovascular physiology is even introduced. Have students complete the questionnaire to the best of their ability and hand it in. (The questionnaire can be discussed at this time but it may be better to leave it alone for a while. At the end of the unit, the same questionnaire can be given out again to see if the students gained any knowledge.)

III. EXPLORATION OF SCIENTIFIC PRINCIPLE & INTRODUCTION OF EXPERIMENTAL PROTOCOL

Computer Setup. This is for some models. Similar structures are found in similar locations in other models.
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1. The external monitor sensor is where you attach an external monitor.

2. The parallel connector is where you usually connect a parallel printer signal cable.

3. The serial connector is where you connect a 9-pin serial device cable (PASCO interface).

4. The power jack is where the AC Adapter cable is connected

5. The external input device connector is used to attach a mouse, or keyboard.

6. The fan louver is used to cool the inside of the computer Do Not block this opening.

8. The battery indicator shows the condition of the battery.

10. The power switch turns computer on and off.

11. 3½” floppy disc drive – area to save data.

ACTIVITY 1: EKG MEASUREMENT
PROBLEM:
How do you record an EKG and what does the EKG mean?

PROCEDURE:

Use the following steps to get into the Science Workshop and run the program. Omit Steps 1-15 if the EKG grid is on the screen.

1. Turn on the computer by using the power switch on the left hand side of the computer.  (Slide it back)

2. Hook up the PASCO interface and the EKG sensor to the interface.

3. Double click (always using left mouse button) on the Science Workshop icon.

4. Place cursor (arrow) on analog plug on lower right. Click down on the mouse (left button) while dragging the picture of a hand to channel A in the black box and let mouse button go.

5. Scroll down to EKG sensor and click once.

6. Click on OK.

7. Click on File. (in menu bar on top of screen)

8. Click on Open.

9. Click on Don’t Save.

10. Double click on library.

11. Double click on biology.

12. On the left, scroll down to B13_ekgd.sws and double click.

13. Close experiment notes by clicking on the X in the upper right hand corner of box.

14. You should now see two grids (graphs) on your screen. You may delete the bottom grid (if you are not concerned with finding heart rate) by doing the following:


a.  Click on the heart to the left of the lower grid.


b.  Click on delete input.


c.  Click on OK.

15. To change the label on the Y-axis (vertical) of the remaining grid, do the following:


a.  Click on the heart to the left of the remaining grid.


b.  Move cursor to right of Analog A.

c.   Click on EKG Voltage. You should now see one grid on the monitor which will eventually be used to plot EKG voltage (y-axis) as a function of time (x-axis).

---------------------------------------------------------------------------------------------------------

16. Connecting the EKG sensor to the person.

a. Use three electrode patches per student. Do not reuse patches. Because the electrical signal produced by the heart and detected at the body’s surface is so small, it is very important that the electrode patch makes good contact with the skin.  Make sure that the skin is clean.

b. Peel three electrode patches from the backing paper. Firmly place the patches on the arms as 

shown in the diagram below.  Each electrode should be placed on the inside of the arms (close to the body when the arm is hanging at the person’s side).  The silver tab on one end of the patch should be pointing down, so the wire of the sensor, when attached, can hang freely without twisting the edge of the electrode patch.


c.
Connect the micro-alligator clips from the sensor to the silver tabs on the electrodes patches.





(1)  Connect the black clip to the right wrist electrode patch.





(2)  Connect the green clip to the right upper arm electrode patch.





(3)  Connect the red clip to the left upper arm electrode patch.

*Teacher’s notes:  There are several different ways to connect the EKG sensor.  This simple arrangement is appropriate for the classroom. A diagram of the correct connections is on the top of the next page.*
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17. Operation of computer to find the resting EKG.

a. Click the “REC” button[image: image3.png]| REC




 to the left of the EKG grid.  The person whose EKG is being measured should remain seated, calm and relaxed.  Encourage the person to breathe normally.

b. The Recording will automatically stop after about 15 seconds.  Run #1 will appear in the Data 

     list in the Experiment Setup window.

18. To analyze the data.



a.  Click the graph to make it active. (Maximize the screen)

- Click on the autoscale button (last button in top row of buttons in lower left area of graph  box) to rescale the graph. 

- Find an area on the graph where there are four similar heartbeat cycles.  You will be  magnifying this area.

- Click the “Magnifier” (third button in top row of buttons in lower left area of graph box) button.  The cursor changes to a magnifying glass when is in the graph display area.

· Move the cursor to a point above the highest peak of the first heartbeat cycle, click down on the mouse (left button), and drag the cursor diagonally toward the right through four cycles.  Release the mouse and the cursor only when you reach a point under the fourth cycle.  a rectangle will appear around that region of the data.  (If it doesn’t, repeat the procedure for magnifying an area.)  The graph will rescale to show the region you selected. A diagram of what you should see is shown below.

b.  Measurement of electrical activity during one heartbeat cycle must be made.

(1)  Click the “Smart Cursor” button (second button in top row of buttons in lower left area of graph box). The cursor changes to a cross-hair shape when it is in the Graph display area.  (You can get rid of the cross hairs anytime you want by clicking on any area of the graph box.) The Y-coordinate (axis) of the cursor is displayed near the Y-axis label.  The X-coordinate of the cursor is displayed near the X-axis label.





(2) Use the diagram (on the top of the next page) as your guide for the following steps.

(a) Move the cursor/cross-hair to a point that corresponds to the start of the 

P wave. 

 While holding the left mouse button down, drag the cross-hair to the end of the P-R interval.  Do not release the mouse until you record the time reading (seconds) on the data sheet.  The time will appear at the bottom of the grid.
(b) Using the same technique as above, measure the time intervals for the QRS and Q-T intervals.  Record the times on the data sheets.







(c)  Compare your readings with the “Typical Time” column.

*Note:  If your EKG does not correspond to the “typical time”, do not be alarmed! These numbers represent typical averages and many healthy hearts have data that fall outside of these parameters.  To read an EKG effectively takes considerable training and skill.  This sensor is NOT intended for medical diagnosis.
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19. Minimize graph. Move the cursor to the Data Box and click on Run#1. Hit Delete button on the 

      keyboard (upper right), and click on OK.  This will delete the existing EKG and permit another 

      student to measure the heart’s electrical activity.

20.  Carefully remove the three alligator clips.  Peel off the electrode patches and discard 
them.  

21.  The next student should start this procedure at step 16.

NAME ___________________________________________

Period __________

EKG DATA SHEET

	INTERVAL
	TIME (sec)
	TYPICAL TIME (sec)

	P-R Interval


	
	0.120 to 0.200 seconds

	QRS Interval


	
	Under 0.100 seconds

	Q-T Interval


	
	Under 0.380 seconds


HEART RATE (if done in this section)

STUDENT DATA

Heart Rate ________bpm

QUESTIONS:

1. The EKG is divided up into three intervals:

a. What is indicated by the P-R interval (or P wave)?

b. What is indicated by the QRS interval?

c. What is indicated by the Q-T interval (QRS complex and T wave)?

2. Why would a cardiologist request an EKG for a patient?

3. What factors may change an EKG?

ACTIVITY 2 HEART RATE

PROBLEM

How is heart rate measured?

EXPERIMENT AND TECHNICAL OPERATION OF EQUIPMENT

Students will take a resting heart rate using the heart rate sensor. Students can get their heart rate from the EKG sensor and the blood pressure sensor. All three can be done and students can compare their results.

Heart Rate:
1. Turn on unit using power switch on left side of computer.

2. Double click (always using left mouse button) on “Science Workshop” (or Shortcut to Sciwkshp”).

3. Place cursor (arrow) on analog plug on lower right.  Click down on the mouse (left button) while dragging the picture of a hand to channel A in the black box and let mouse button go.   

4.  Scroll down to Heart Rate Sensor and click once.

5.  Click on “OK”.
6.  Place cursor on Graph icon.  Click down on the mouse while dragging to the picture of the heart.  Let the mouse button go.
7.  Click on Heart Rate (to highlight it in dark blue) and then DISPLAY.
8.  Place cursor on Table icon.  Click down on the mouse while dragging to the picture of the heart.  Let the mouse button go.
9.  Click on Heart Rate (to highlight it in dark blue) and then DISPLAY.
10.  On table, click the  Sigma sign “(” to display the statistics. 
11.  To record data:

a.)  Attach heart rate sensor clip to your earlobe.

        It is critical that the student remain motionless during the trials.
b.)  Click on the “MON” button (the red light on the heart rate sensor should be flashing).  When the number stabilizes, click the “STOP” button.

c.)  Relax in a chair for one minute.  Click the “REC” button.

d.)  Watch the heart rate window and graph display window.  Collect data for 60 seconds, and then click the “STOP” button.
e.)  “Run #1” will appear in the Data List in the Experiment Sampling Window.
12.  To analyze data:

a.)  Look at the heart rate graph window, look at the pattern.

a.)  Look at the statistics display at the bottom of the table. Record the mean value on Data Sheet A.

Name _________________________________________________

Period ___________

DATA TABLE A

STUDENT DATA

Mean Heart Rate __________bpm

QUESTIONS

1)  How does your heart rate compare with the rate of others in your group?  How can you

     account for any variations?

2)  Are variations of heart rate in an individual necessarily indications of bad health?

     Explain.
3) Describe the pattern of the heart rate graph.

ACTIVITY 3: BLOOD PRESSURE

PROBLEM: How is blood pressure measured?

PROCEDURE:

1. Obtain an electronic Blood Pressure Kit. Put blood pressure cuff on. Turn cuff until the air tubes are on the inside of the arm (hanging down), 1 inch above the elbow. Two fingers should fit between the cuff and arm.

2. Turn the power switch on.

3. Press the switch (a round knob just below the bulb) down to release all air from the system.

4. Squeeze bulb and inflate cuff until the machine reads 190 mm Hg.

5. Wait until beeping stops. Your blood pressure and pulse rate will appear on the LCD screen.

6. Record data on data sheet.

7. Press the switch (a round knob just below the bulb) down again to release all air from the system.

8. You may want to repeat this procedure a second time to see is you still get the same blood pressure.

NAME ___________________________________________

Period _________

	NAME
	BLOOD PRESSURE
	PULSE RATE

	
	
	


QUESTIONS:

1. What is the “normal” blood pressure?

2. What do the two numbers mean?

3. Is there a correlation between blood pressure and pulse rate? If so what is it?

4. What may be some factors that affect Blood pressure?

ACTIVITY 4: BREATHING RATE

PROBLEM: How do you measure breathing rate?

PROCEDURE: 

1. Turn on the computer by using the power switch on the left-hand side of the computer.  (Slide it back)

2. Hook up the PASCO interface and the breathing rate sensor to the interface.

3. Double click (always using left mouse button) on the Science Workshop icon.

4. Place cursor (arrow) on analog plug on lower right. Click down on the mouse (left button) while dragging the picture of a hand to channel A in the black box and let mouse button go.

5. Scroll down to Respiration sensor and click once.

6. Click on File. (in menu bar on top of screen)

7. Click on Open.

8. Click on Don’t Save.

9. Double click on library.

10. Double click on biology.

11. On the left, scroll down to B12_resp.sws and double click.

12. Close experiment notes by clicking on the X in the upper right hand corner of box.

13. You should see two graphs. (A voltage graph and breathing rate graph).

14. Place the belt of the respiration sensor around the chest of the person whose breathing rate is going to be measured. (Place the belt as high up on the chest – over the sternum – as possible. Also make the belt as tight as possible without being uncomfortable.) Arrange the belt so that the rubber bladder is in front. Use the “hook” and “pile” materials on the ends of the belt to fasten it snugly in place. The diagram below should help you with the setup.
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15. Close the thumbscrew valve (turn it clockwise) on the squeeze bulb of the respiration rate sensor. Use the squeeze bulb to inflate the rubber bladder (between twenty and thirty squeezes). Again, the belt with inflated air bladder should be tight but not uncomfortable.

RECORDING DATA:

16. Click the “REC” button to begin recording data. Have the person whose respiration rate is being measured breath normally. If everything is working properly, the voltage graph (top) should be going up and down as the person breathes in and out. 

17. After exactly sixty seconds, click the “STOP” button to end recording data.

ANALYZING THE DATA:

18. Maximize the graph. Click Autoscale (last button on top row of buttons in graph box) to resize the graph to fit the data.

19. Click Statistics (() button in the graph to open the statistics area.

20. In the plot of Respiration Rate (bottom graph), click the Statistics Menu button (( () in the Statistics Area. Select ALL OF THE ABOVE from the statistics menu.

21. Record the MEAN “y=” value for the respiration rate in the DATA TABLE.

22. Count the number of peaks in the Voltage Graph (top graph). Record this number in the graph below under “PEAKS”. This is another way to find out you respiration rate if you timed out exactly 60 seconds.

NAME ____________________________________________

PERIOD _______

RESPIRATION RATE DATA TABLE:

	NAME
	MEAN
	PEAKS

	
	
	


QUESTIONS:

1. What is the normal “resting “ respiration rate?

2. How does your respiration rate compare to the normal respiration rate?

3. How do the two “methods” (mean vs peaks) for finding respiration rate compare?

4. What factors may affect the respiration rate?

IV. ELABORATION OF SCIENTIFIC PRINCIPLE:

INQUIRY-BASED STUDENT INVESTIGATION

The purpose of this section is to guide students through the process of inquiry. Provide guidelines for students to design an experiment, conduct an experiment, and analyze the results of an investigation.

PROBLEM:

After students perform an activity (or activities), the teacher should hold a class discussion on their results. The teacher can then generate questions from the students after they have completed an activity (or activities) as to what factors may be involved in altering the data they obtained or how the different activities are inter-related. List student’s responses on board. Some possible questions could be.

“What do you think you could do to change your EKG curve?”

“Does it matter where the EKG patches are attached?”

“What factors may change your pulse rate?”

“Are pulse rate and blood pressure related?”

“Does variations in blood pressure, EKG, etc depend on sex or athletic ability?”

“What factors affect blood pressure?”

“What factors affect breathing rate?”

HYPOTHESIS OR PREDICTION:

Have students come up with their own hypothesis concerning the variables stated in their problem. It may be easier for students to come up with an IF . . .  THEN . . . hypothesis. For example, one possible hypothesis could be: If heart rate were taken on a number of people and recorded based on gender, then males would have a higher (or lower) heart rate on the average.

Other potential variables include body build, pre-existing medical conditions, physical fitness level, gender, use of caffeine, nicotine, etc.
EXPERIMENTAL DESIGN:

Compose a series of questions to guide students through the process of designing an experiment to test their hypothesis. Questions should focus on identification of variables, measurement techniques, safety precautions etc.


Some suggestions for Teacher-guided questions are:  
 What is the question you are investigating?

1. What variables are important?

3.  What control have you included?

4.  What will you measure?


5.   How can you graphically organize these data?


Checkpoint (Teacher checks students’ plan for feasibility)

PLAN FOR DATA COLLECTION AND ANALYSIS:

List questions to guide students through identification of data to collect, design data tables, graphs etc. Also list questions to help student develop a data analysis plan.

Checkpoint (Teacher checks students’ plan for feasibility.)

CONDUCTING THE EXPERIMENT

 Checkpoint (Teacher monitors students’ investigations in  progress)

ANALYSIS OF DATA

Checkpoint (Teacher checks students’ analysis.)

DISCUSSION OF RESULTS


COMPARE:

Elicit lab results from each group and record on the board. Some questions the teacher could ask are as follows:




“Were hypotheses confirmed or refuted?”




“Were students surprised with any data collected?  Why?”

“If any groups tested the same variable and had conflicting results, what could be 

  some of the sources of those differences?”


PERSUADE:

Lab results from different groups should be reported to the whole class. Have students explain their procedure, and results. Have them explain to the group why or why not their hypotheses were accepted or rejected.


RELATE:

Have students come up with real world uses for their data or how their data is useful in understanding real world situations.

V.  EVALUATION

POST-LAB SURVEY OF STUDENT’S CONCEPTS

For homework (or in class), once again have students complete the Pre-Lab Cardiovascular Function Questionnaire (located on pages 8 and 9 of this lab). Compare pre-lab questionnaire with the post-lab questionnaire (this second one filled out). A group discussion of student’s answers can follow. The students and the teacher can see what has been learned directly from these questionnaires.

TRADITIONAL

The teacher can find old Biology Regents Exam Questions on this topic and have students answers these old exam questions. Teachers can also use the following questions below to check for in depth understanding. 

1. Why do you think that it is recommended that certain caffeine-containing foods or beverages not be consumed before going to sleep?

2. Using a bar graph, predict the heart rate of an individual who is:

· sleeping

· playing tennis

· studying

· smoking

· drinking caffeinated soda

· exercising

3. Using a bar graph, predict the breathing rate of an individual who is:

· sleeping

· playing tennis

· studying

· exercising

4. Situation:  You are a medical professional. A patient comes to you complaining of insomnia. What are some of the questions you may ask to find out the cause of the problem?  For each question, state some suggestions you might give the patient.

5. The diagram below shows a normal EKG followed by 4 abnormal EKG’s. Based on your knowledge of the EKG, try explaining what is happening in the abnormal EKG trace or what each trace is showing.
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6. Some people are treated for high blood pressure by being given medications. Do some research into blood pressure medications. What are some types of medications and how do they work?

ALTERNATIVE

An alternative assessment can be accomplished by rating the individual inquiry based labs the students come up with (as in Part IV – page 20). The following is a possible Rubric for scoring such a lab. This Rubric is based on 50 points.

1. Statement of Problem:

0 – No problem stated

1 – Problem inaccurately stated or is confusing

3 – Problem stated but is not in a complete sentence

5 – Problem well stated in a complete sentence

2. Statement of Hypothesis:

0 – No hypothesis given

1 – Hypothesis stated but not in an IF . . . THEN . . . format

3 – Hypothesis stated in an IF. . . THEN  . . .  format but not in a complete sentence

5 – Hypothesis  stated in an IF. . . THEN  . . .  format and in a complete sentence

3. Experimental Setup:

0 – No experimental setup given or described

1 – Experiment setup briefly described but no controls or variables mentioned

3 – Experiment contains variables but does not show controls

5 – Experimental setup shows all variables and controls and what is to be measured is identified.

4. Collection of Data:

0 – No data is collected or identified

1 – Data is collected but no labels or organization is present

3 – Data is collected with labels but in an unorganized fashion

5 – An appropriate system to gathering data, with labels and is in an organized form

5. Use of Technology:

0 – No evidence technology was used

1 – Minimum use of technology observed, unable to use device or software

3 – Some use of technology observed, needs help with devices or software

5 – Proficient use of technology, correctly uses devices or software with little/no help from instructor.

6. Analysis of Data:

0 – No analysis of data is given

1 – Student looks at data and grins (but doesn’t know what to do)

2 – Student can make graphs or data tables from their data

3 – Student can make graphs/data tables from their data and explain what is happening

4 – Student can make graphs/data tables from their data and explain what is happening, plus given relationships between variables stated in problem

5 - Student can make graphs/data tables from their data and explain what is happening, give relationships between variables stated in problem plus explain data in terms of human processes.

7. Conclusion:

0 – No conclusion is given

1 – Conclusion is given but does not relate or mention variables stated in problem

3 – A correct conclusion is given based on the student’s data but not in a complete sentence.

5 - A correct, well written, conclusion is given based on the student’s data and is in a complete sentence.

8. Written Lab Write Up Report:

0 – No written report is received

1 – Minimum lab write up is received, multiple parts missing, no complete sentences

2 – Minimum lab write up is received, multiple parts missing but complete sentences given

3 – Well written lab, only 2 or 3 parts missing but complete sentences given

4 – Well written lab, only 1 part missing, but entire lab is in complete sentences OR the entire lab is well written and present but not in complete sentences

5 – Exceptionally written lab, all sentences are complete, correct English used throughout.

9. Involvement/Collaboration:

0 – No collaboration or involvement

1 – Student sits back and just writes down data

3 – Student is passively involved, does some work, helps out,  but offers no original ideas

5 – Student is actively involved in all aspects of lab – setup, experimental design, data analysis, etc.

10. Extrapolated Principle To The Real Worlds

0 – No extrapolation given

1 – Doesn’t know what extrapolation means

2 – Provides erroneous extrapolations

3 – Can only provide extrapolations

4 – Can provide extrapolations and explanations

5 – Can provide evidence of multiple extrapolations and explanations

*This material is based upon work supported by the National Science Foundation under Grant No. ES1 9618936.   Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation.
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