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Respiration Lab: How Fit Are Your Lungs?
Objectives:
· Use your knowledge of pulmonary physiology and regulation to generate a hypothesis relating the effects of smoking on pulmonary function.

· Understand the significance of the various respiratory volumes.

· Learn the skills necessary to measure respiratory volumes.

· Identify the effects of smoking on pulmonary function and how they are reflected in respiratory volumes.

· Collect, graph, and interpret data collected in class.

· Earn LS/PS credit (for those rubrics identified with a *)

Preparation for Lab: (Please complete the following tasks prior to lab!)

1. It is imperative that you are familiar with the various lung volumes and terms used for measuring lung capacity before you collect data in lab.  Please define the following terms and note the normal values for each:

· Tidal Volume (TV):

· Expiratory Reserve Volume (ERV):

· Inspiratory Reserve Volume (IRV):

· Vital Capacity (VC):

· Forced Expiratory Volume (FEV):

a. FEV1:

b. FEV2:

c. FEV3:

· Respiration Rate (RR):

· Minute Respiratory Volume (MRV):

· Alveolar Ventilation Rate (AVR):

2. Search the Internet for an informative site pertaining to the use of a spirometer in measuring lung volume.  Send your instructor a brief explanation (in your own words) of how a spirometer works and what it measures.  Include the URL for the website(s) from which you obtained your information (5 pts.)

Activity 1: Hypothesis

Based on your knowledge of pulmonary function, each group will be constructing a hypothesis relating the effects of smoking (independent variable) on a respiratory volume selected by you (dependent variable).  Do not choose respiration rate or minute respiratory volume!  In lab, you will record your subject’s sex, age, body mass index, and smoking habits.  Although your hypothesis focuses on only one dependent variable, you will be collecting data on all of the respiratory volumes listed above under “Preparation for Lab”. 

Using smoking status (smoker vs. nonsmoker) as your independent variable, hypothesize its effect on the selected dependent variable.  If you need help refer back to your “How to Write a Hypothesis” handout.  As a group turn in a copy of your hypothesis to your instructor.

Activity 2: The Experiment

 Each person will be used as a subject, if time permits.  Using a Spirocomp and wet spirometer apparatus (illustrated below) you will conduct an experiment to test your hypothesis.




picture of spirometer goes here

“Spirocomp” is a software and hardware package that measures certain respiratory volumes directly and calculates others.  It measures these volumes through the displacement of a bell float that moves in water as a result of your respiratory actions. The computers will be set up and calibrated for you.  

Group Member Responsibilities:

· One subject at a time will be seated* at each apparatus with a nose-clip in place and will breathe into the mouthpiece connected to the bell float by a hose.  

· Another person in the group will be responsible for running the computer ** and issuing instructions to the subject. Timing is critical!  The computer operator must read the directions to the subject out loud.  It may be necessary to repeat a test.  

· A third person should record all data.  The recorder is responsible for entering the data accurately on a spreadsheet prepared by your instructor.

*The subject should be seated in a comfortable chair turned away from the apparatus and computer so he/she cannot view the monitor.

**The data that you collect will be expressed in liters (s).  YOU MUST CONVERT THESE NUMBERS INTO MILLILITERS (mls) WHEN RECORDING THE DATA ON THE SPREADSHEET.
Procedure:

1. Fill out a Data Sheet for each individual in your group.

2. On the computer, enter the data for your subject and save the information just in case we need to refer to it again.

· Use the subject’s three initials to identify your data set.

· Enter the following basic data: gender, age, and height.

3. Measure TIDAL VOLUME.  Do not over inhale or exhale or the reading will be too high.  Breathe normally.

4. Measure EXPIRATORY RESERVE VOLUME.  In the past we have had trouble with this measurement.  If you have followed instructions and did not receive the command to exhale, you may try giving a “slight” exhale to initiate the next command to “Exhale Maximally”.

5. Measure VITAL CAPACITY and FORCED EXPIRATORY VOLUMES (FEV).  The computer will measure these at the same time.  Press V to receive instructions. Then, deeply inhale and simultaneously press the V a second time while forcibly and quickly exhaling.  It will measure FEV at 1, 2, and 3 seconds as percentages. You will need to convert these percentages into volumes for each second:

FEV%    X    Vital Capacity = FEV

  100

The computer will also calculate a Predicted Vital Capacity (pVC) based on the subject’s age, gender and height.  Be sure to record pVC.

6. The computer calculates you INSPIRATORY RESERVE VOLUME (cIRV). 

7. You will need to measure your own RESPIRATORY RATE.  The computer does not do this for you.  Sit quietly and have your partner count the number of breaths you take in per minute.

8. Calculate your MINUTE RESPIRATORY VOLUME. Do you remember what this is?

9. Calculate your ALVEOLAR VENTILATION RATE. To do this you must assume a physiological dead space of 155 ml. 

AVR = RR (TV- dead space volume)

MAKE SURE THAT YOU CONVERT ALL NUMBERS FROM LITERS TO MILLILITERS!!!

HOW FIT ARE YOUR LUNGS?

DATA SHEET

Subject’s profile:
SEX:

____________

AGE:

____________

BODY MASS          Weight in kg
=
_______________

INDEX (BMI):
        Height in m2
(Weight in lbs.) (1 in.) (1 in.) (.45 kg)   =

(Height in in.)2 (.0254m) (.0254m) (1 lb.)

SMOKING HABITS:
Non-smoker ______

Ex-smoker   ______       If ex-smoker, how long ago? ______

Smoker       ______        If smoker, how many packs/day _______

RESULTS:
	
	Liters
	Milliliters

	Tidal Volume (TV)
	
	

	Expiratory Reserve Volume (ERV)
	
	

	Inspiratory Reserve Volume (IRV)
	
	

	Vital Capacity (VC)
	
	

	Forced Expiratory Volume (FEV)
	
	

	Respiration Rate (RR)
	
	

	Minute Respiratory Volume (MRV)
	
	

	Alveolar Ventilation Rate (AVR)
	
	


ANALYSIS : “HOW FIT ARE YOUR LUNGS?”

Task: You will be turning a data sheet at the end of this lab or recording your data in a spreadsheet provided by your instructor.   Within a few days your instructor will provide you with a spreadsheet with the cumulative data from the class and you will need to identify subjects for your experimental and control groups and calculate the mean  (average) respiratory volume value for each group.  Using the hypothesis you made previously, select the appropriate data (use the averages) and construct a graph.  You will be making one graph using one of the 6 dependent variables of your choice (the various respiratory volumes) and experimental subgroups or independent variable (smoking). You may not use respiratory rate or minute respiratory volume.   You may work in pairs and hand in one paper.  The final paper should include all of the following elements:

· An introduction describing the effects of smoking on respiratory system homeostasis, in general (– apply rubric #1: Introduction - 4 points).

Make sure you use physiological principals such as elasticity, compliance, brochodilation/constriction (this is not a complete list).  Discuss some components  of cigarette smoke and how they affect homeostasis.

· A well-constructed hypothesis (apply rubric #2: Theories/Hypotheses- 4 points).

· Graph of data (apply rubric #3: Data Illustration – 4 points)

· Choose the appropriate type of graph

· Include a descriptive title, label axes, include units, etc.

· A brief narrative summarizing the data (do not include any interpretation!) (Apply rubric #4: Data Analysis – 4 points)

Describe trends and/or patterns in the data.  

· Discussion of the effect of smoking on the selected dependent variable. With your hypothesis in mind, explain why smoking had (or did not have) an effect on your dependent variable. (Apply rubric #5: Data Synthesis – 4 points)

· Conclusion/Critique: refer back to your hypothesis.  Was it supported or not supported?  How do you know?   What were some flaws in the experiment?  In other words, what could you do to improve the experiment?  What were some strengths? (Apply rubric #6: Conclusion/Critique – 4 points)

·  Include a bibliography that includes a variety of references (not just Internet) in a standard format (MLA, APA, etc) –  (apply rubric #7: Information Inquiry – 4 points)

· Run spell check and have someone proof-read your paper. Use

· Paragraphs

· Good sentence structure

All of the materials need to be prepared on the computer (including the graph) and submitted as a group to your instructor.  

Format:

· Information sources should be synthesized and put into your own words.  Copying material from a source without giving credit is plagiarism and will not be tolerated.  Quotes are acceptable and often add credibility to your paper, however they should be used sparingly and should not constitute a significant part of your paper.  Long quotes should not be used.

· Include a descriptive title for your paper

· Formatting:  Double-space using 12 font, 1 ½” top and bottom margins and 1” side margins 

· Each section of your paper must be clearly labeled with the title of the section underlined 

· Grade yourself on the Student Assessment Form and attach it to the end of your paper.  Also attach the Instructor’s Assessment Form.
RUBRICS FOR “HOW FIT ARE YOUR LUNGS?”

Assessment: Examine the rubrics below.  Each rubric is worth 4 points for a total of 32 points.

1. INTRODUCTION: 

Ability to Understand What Happens to the Body as a Result of Smoking
4-
Student demonstrates a thorough understanding of the influence of smoking on the respiratory system and how the body responds to maintain homeostasis; student demonstrates an understanding of the dependent variable.

3-
Student demonstrates an understanding of the influence of smoking on the respiratory system, and mentions some effects on the body; student demonstrates an understanding of the dependent variable.

2-
Student understands the relationship between smoking and the respiratory system but does not fully explore the relationship; student defines the dependent variable.

1-
Student understands some of the respiratory system’s response to smoking but does not grasp the relationship; student attempts to define the dependent variable.

2. HYPOTHESIS:

*Conceptual Skills: Theories/Hypotheses
Assessed Effort: Propose a hypothesis and design an experiment
4-
Student proposes a hypothesis that identifies independent variable and its possible effect on dependent variable (CO2  production); If, ___, then___ format followed; proposes experimental design that includes appropriate independent and dependent variables, control, constants, and experimental groups, and repeated trials; includes experimental design diagram; demonstrates originality
3- 
Student proposes a hypothesis that states prediction but does not clarify proposed relationship; proposes experimental design that includes appropriate independent and dependent variables, control, experimental groups, constants, and repeated trials
2- 
Student proposes a hypothesis that states prediction but does not clarify proposed relationship; proposes experimental design that includes inadequate independent and dependent variables, control, experimental groups and constants
1- 
Student proposes a hypothesis that states prediction but does not clarify proposed relationship and/or does not match to experimental design; proposes experimental design that includes incomplete independent and dependent variables, control and experimental groups, and constants
3.  RESULTS: Graph: *

Presentation: Data Illustration 
Substantial Accomplishment: Summarize and synthesize related data.  
4- 
Chooses the most appropriate type of illustration to communicate the presenter’s message; demonstrates understanding of advantages and disadvantage of illustration(s); data is accurate and professionally prepared; illustration uses proper techniques and is understandable on its own.

3-
Chooses the most appropriate type of illustration to communicate the presenter’s message; demonstrates some understanding of criteria used to choose illustration type; data is accurate and professionally prepared; illustration uses proper techniques but may have minor errors; graphic is understandable on its own.

2- 
May choose an appropriate type of illustration to communicate the presenter’s message; does not have full or accurate understanding of criteria used to choose illustration type; data may have minor inaccuracies or graphics may lack professional quality; illustration techniques may need improvement and/or graphic may not be understandable on its own.

1- 
Chooses an inappropriate type of illustration to communicate the presenter’s message; does not understand criteria used to choose illustration type.  Data have major inaccuracies or graphics may lack professional quality; data illustration techniques reveal many flaws and/or graphic is not understandable on its own.

4.  NARRATIVE OF GRAPH: *
Quantification: Data Analysis 

Assessed Effort: Critically analyze data in one or more ways

4-
Student is able to identify relevant differences, similarities, and patterns in the data over the duration of the experiment; student is able to distinguish fact from interpretation or assumption when summarizing graphs or tables.

3- 
Student is able to identify most of the relevant differences, similarities, and patterns in the data over the duration of the experiment; student for the most part is able to distinguish fact from interpretation.

2- 
Student does not identify many of the relevant differences, similarities, and patterns in the data; student offers interpretation instead of facts.

1- 
Student fails to fully identify and summarize the data; student does not understand the difference between fact, interpretation, and assumption.

5.  DISCUSSION:

Quantification: Data Synthesis 

Assessed Effort: Ability to understand multiple pieces of information and synthesize

4- 
Student is able to use appropriate terms and concepts to explain the relationship between the experimental variable and the dependent variable; student shows ability to integrate concepts, compare results, and deduce an explanation of the differences between experimental groups; student demonstrates a thorough understanding of the experimental design.

3- 
Student is able to use appropriate terms and concepts to explain the relationship between the experimental variable and the dependent variable; student explores some of the differences between experimental groups but does not analyze; student demonstrates an understanding of the experimental design.

2- 
Student has some problems in using terms and concepts appropriately to explain relationships; student alludes to but fails to explain differences between experimental groups; student does not fully understand experimental design.

1- 
Student does not fully identify relationships between variables or differences between subjects; student does not address the focus of the experiment.

6. CONCLUSION/CRITIQUE:

Qualification: Critical Reasoning 

Assessed Effort: Evaluate logic or evidence offered for differing positions:

4- 
Is able to identify missing information, bias, and assumptions (stated and unstated) as well as any logical fallacies in scientific research; student is able to suggest modifications.
3- 
Is able to identify the type of logical fallacies being used in scientific research.

2- 
Recognizes illogical arguments but cannot identify the type.

1- 
Is not able to fully distinguish between appropriate and inappropriate types of evidence.

7.  BIBLIOGRAPHY

Inquiry Skills 

Assessed Effort: Locate information through methodical use of information resources 
4- 
Gives evidence of having examined a wide variety of resources (which include electronic and various print formats, and oral and written communication) that successfully meets the research objective.  Shows an understanding of the range of resources available and uses a methodical, knowledgeable search strategy

3- 
Demonstrates that they have examined some variety of resources that successfully meet the research objective, but either the variety of resources examined or the search strategy used shows less expertise than a “4”.

2- 
Examines a minimal number of resources that approximate the research objective   and/or shows that they lack an understanding of the range of resources available or a methodical, knowledgeable search strategy.

1- 
Identifies resources unrelated to the research objective.  Lacks an understanding of the range of resources available and/or methodical, knowledgeable search strategy.

8. WRITING

*Presentation Skills: 

Assessed Effort: Ability to write a short, well-written paper following the format of a scientific paper
4- 
Student demonstrates the ability to present information and/or perspectives in an organized way according to scientific writing; all sections and components are included and labeled; supports arguments with substantive reasoning and/or relevant evidence; is clear and appropriately concise; uses sources appropriately; shows command of the conventions of standard edited English (punctuation, usage, spelling, and grammar)
3- 
Student demonstrates the ability to present information and/or perspectives in an organized way; supports arguments with adequate reasoning and/or relevant evidence; is usually clear and appropriately concise; uses sources appropriately; may have minor errors in the conventions of standard edited English; section or component may be missing or incomplete
2- 
Student may have difficulty in presenting information and/or perspectives in an organized way; may lack adequate reasoning and/or relevant evidence when supporting arguments; may have difficulty using sources appropriately; has errors in the conventions of standard edited English; missing or incomplete sections; writing may rely on quotes more than own words
1- 
Student has difficulty presenting information and/or relevant evidence when supporting arguments; or may have difficulty using sources appropriately; or has substantial errors in the conventions of standard edited English; writing is superficial
How Fit Are Your Lungs? Assessment Sheet: Student





Comments




Score

	Introduction


	
	        /4

	Hypothesis


	
	       /4

	Graph (Data Illustration)


	
	        /4

	Narrative (Data Analysis)


	
	        /4

	Discussion (Data Synthesis)
	
	        /4

	Conclusion/Critique


	
	       /4

	Bibliography


	
	       /4

	Writing


	
	       /4



How Fit Are Your Lungs? Assessment Sheet: Instructor





Comments




Score

	Introduction


	
	        /4

	Hypothesis


	
	       /4

	Graph (Data Illustration)


	
	        /4

	Narrative (Data Analysis)


	
	        /4

	Discussion (Data Synthesis)
	
	        /4

	Conclusion/Critique


	
	       /4

	Bibliography


	
	       /4

	Writing


	
	       /4






         /32








         /32








