Wayne, Ziser 2011

Lab 1 - The Scientific Method.

Performance Objectives:  A the end of this exercise the student should be able to:


1.
Describe the typical steps involved in scientific inquiry.

2.
Design a simple experiment to test a hypothesis.


3.
Use Excel to present data and make graphs.


4.
Using Excel make a bar graph including error bars.


5.
Identify the dependent and independent variable.


6.
Define variance and mean.


7.
Describe when to use “autoscale” and the “double mountain” icon.


8.
Describe what the “double mountain”  and “single mountain” icons do to 


the data on the display.


9.
Understand the Iworx system as presented in the video provided online.

Introduction

The scientific method is a process in which experiments are used to answer questions. This process is called the scientific method and usually involves several steps: 
1.
Observation: An observation is made regarding some event or characteristic of the 
world. This observation might lead to a question regarding the event or 
characteristic. If a coffee cup slips off a table and hits the floor, I might ask, “why 
did the cup fall”?

2.
Hypothesis: To answer the question, a scientist will form a hypothesis or guess 
regarding the question's answer. In the above example there might be many 
possible hypotheses, but one hypothesis might be that that there is an invisible 
force (gravity) that pulled the glass to the floor.

3.
Experimentation: In the scientific method, what truly separates science from other 
disciplines is the process of experimentation. In order to prove, or disprove, a 
hypothesis, a scientist will design an experiment to test the hypothesis. Through 
the centuries, many experiments have been designed to study the nature of 
gravity. 

In the late 16th century, it was generally believed that heavier objects would fall faster than lighter objects. The Italian scientist Galileo thought differently. Galileo hypothesized that two objects would fall at the same rate regardless of their mass. Legend has it that in 1590, Galileo planned out an experiment. He climbed to the top of the Leaning Tower of Pisa and dropped several large objects from the top of the Leaning Tower.
While many scientists think of the scientific method as a clearly defined series of steps, there are others that think of the scientific method in a very different way.  Read the following to find an alternate way of looking at the scientific method.
ON SCIENTIFIC METHOD

by Percy W. Bridgman (From: Reflections of a Physicist, 1955) 

“It seems to me that there is a good deal of ballyhoo about scientific method. I venture to think that the people who talk most about it are the people who do least about it. Scientific method is what working scientists do, not what other people or even they themselves may say about it. No working scientist, when he plans an experiment in the laboratory, asks himself whether he is being properly scientific, nor is he interested in whatever method he may be using as method. When the scientist ventures to criticize the work of his fellow scientist, as is not uncommon, he does not base his criticism on such glittering generalities as failure to follow the "scientific method," but his criticism is specific, based on some feature characteristic of the particular situation. The working scientist is always too much concerned with getting down to brass tacks to be willing to spend his time on generalities. 

Scientific method is something talked about by people standing on the outside and wondering how the scientist manages to do it. These people have been able to uncover various generalities applicable to at least most of what the scientist does, but it seems to me that these generalities are not very profound, and could have been anticipated by anyone who know enough about scientists to know what is their primary objective. I think that the objectives of all scientists have this in common--that they are all trying to get the correct answer to the particular problem in hand. This may be expressed in more pretentious language as the pursuit of truth. Now if the answer to the problem is correct there must be some way of knowing and proving that it is correct--the very meaning of truth implies the possibility of checking or verification. Hence the necessity for checking his results always inheres in what the scientist does. Furthermore, this checking must be exhaustive, for the truth of a general proposition may be disproved by a single exceptional case. A long experience has shown the scientist that various things are inimical to getting the correct answer. He has found that it is not sufficient to trust the word of his neighbor, but that if he wants to be sure, he must be able to check a result for himself. Hence the scientist is the enemy of all authoritarianism. Furthermore, he finds that he often makes mistakes himself and he must learn how to guard against them. He cannot permit himself any preconception as to what sort of results he will get, nor must he allow himself to be influenced by wishful thinking or any personal bias. All these things together give that "objectivity" to science which is often thought to be the essence of the scientific method. 

But to the working scientist himself all this appears obvious and trite. What appears to him as the essence of the situation is that he is not consciously following any prescribed course of action, but feels complete freedom to utilize any method or device whatever which in the particular situation before him seems likely to yield the correct answer. In his attack on his specific problem he suffers no inhibitions of precedent or authority, but is completely free to adopt any course that his ingenuity is capable of suggesting to him. No one standing on the outside can predict what the individual scientist will do or what method he will follow. In short, science is what scientists do, and there are as many scientific methods as there are individual scientists”.
In formal scientific situations, hypotheses are tested in controlled experiments.  Each experiment looks at the effect of one variable (the independent variable) on some event or condition (the dependent variable).  The basic assumption is that the independent variable is controlling or causing some measurable change in the dependent variable.  Also, our experiments must usually be kept simple:  unless we use sophisticated experimental design and statistical methods, we can only test one independent variable at a time.  

Experiments are performed on relatively small groups of organisms or things that are called samples.  The sample is usually split into an experimental group and a control group.  The independent variable is manipulated in the experimental group but not in the control group.

The control is used as a basis of comparison.  Without one we could never show that changes in the dependent variable are caused by the independent variable.  If, at the end of the experiment, the dependent variable for the experimental group differs from the dependent variable for the control group. Then the difference is assumed to be caused by the independent variable.  

Changes in the dependent variable are measured in both experimental and control groups during or after the experiment – measurements of these changes are called data.

After you finish an experiment how do you know whether or not you should accept or reject your hypothesis?  You just compare the dependent variable for the experimental group with the dependent variable for the control group.  If they are significantly different, the difference is assumed to be caused by the independent variable.  Statistical analyses determine whether a difference is significant or not.  This information tells you whether you should reject the original hypothesis or not.
Collecting and Analyzing Data
In a simple experiment you could study the relationship between two variables, one of which would be heart rate.  Everyone in the class could serve as both a control and a test subject.  In order to test the hypothesis, data would be collected from the class and analyzed statistically.  From the results of this analysis a hypothesis will be accepted or rejected.
Would you expect everyone in class to have the same resting heart rate?  What factors might account for some of the variations that you find in the class?  

These could form the basis of some hypotheses that you might want to test.  For example, you might want to test the effects of gender, age, weight, exercise, smoking or something else on heart rate.  Tests on some of these kinds of hypotheses can be set up as an “either/ or” or “experimental/ control” types of experiments with discrete variables; often with one set of data being the control set and the other being the experimental set.  

If you are asked to graph discontinuous variables (numbers or words discrete and separate); e.g. experimental vs. controls; bar graphs are preferred:
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However, if you’re interested in something like the effects of age, duration of exercise or weight on heart rate these are continuous variables (are numbers that change in a fixed unchangeable way).   Instead of dividing the data into two groups you could plot the class data on a graph with one axis being the dependent variable and the other being the independent variable.  

Best Fit Lines

When graphing continuous data on a graph it is often appropriate to attempt to visualize a “best fit” line through the points.  Normally, we use a computer program to plot the line and to give us an idea of how well the line fits the data.  In our labs we will visually estimate where such a line should go. 

If the points are truly scattered and there is no clear indication of where a line might be drawn, then there is probably little or no relationship or correlation between  the  variables being studied                       
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If on the other hand you can visualize a straight or curved line through the data points then you can draw a “best fit” line that approximates the relationship that you envision.
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Continuous data points, however, don’t always suggest a “straight line” as the “best fit”.  Sometimes a curved line comes closer to the majority of data points.  Ask your instructor for guidance when constructing a line through continuous data.  

If the data does suggest a straight line as the “best fit”, a straight horizontal or vertical line would indicate no correlation between the two and you would therefore have to reject the hypothesized relationship.  Most of the time when you draw graphs for your lab reports you will not be trying to draw a “straight line” through them but simply “connecting the dots”.   Note that unlike the illustrations above you should always have your graph labeled and indicated the units of measurement. See below for more information on “best fit” lines.
Significant Figures

Since a calculator often gives answers in enough digits to fill its screen, students are often confused about how many units to actually include when reporting a calculation.  Some even assume that adding more decimal places makes a number “more accurate” when, in fact, too many decimal places actually cause a loss in accuracy and precision of the measurement.  Generally, the number of significant figures to the right of the decimal that you report should never be more than that of the number with the fewest decimal places that was used in the calculation.  In most cases in our labs, one or two decimal places will be used unless instructed otherwise.
Activity 1 - LabScribe Basics 

You will use the following procedure to collect heart rate data for everyone in your group.

1.  
Start the program (if the LabScribe software is on the screen skip to 2 


below).
a.  
Double-click on the LabScribe icon on the desktop. 

b.  
From the Settings menu, choose Tutorial.
2.  
Familiarize yourself with menu bar at the top of the labscribe window:
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a. 
 locate the “AutoScale” and add function buttons.

b.  
locate the green Record button (upper right)

c.  
locate the voltage value window below the record button.
d.  
locate the time value to left of the record button.
e.  
locate the Mark button and the comment entry line next to it.

f.
locate “ Display Time” above the “AutoScale” button.

g.
locate the “+” and “_” buttonx next to the “Autoscale” button.
3.  
Attach the plethysmograph transducer to the volar (fingerprint) surface of the subject’s thumb or index finger to obtain a resting heart rate.
4.  
Record data and enter marks to identify each tracing.
a.  
type “resting” in the marks box 

b.  
click record and then click the ENTER key on the keyboard.  Observe where the word “resting” appears on the tracing; this allows you to identify each individual’s tracing. 

c.
if you have wave forms as in 8b below, continue recording for about 

30 seconds.

d.
if you do not see waveforms, click “Autoscale”  and the double mountain 
icon until you have normal waveforms.  Continue recording for 30 
seconds.  If the waveforms are large or small the  “+” and  “-” tabs next to 
autoscale  icon can also help to obtain a normal waveform.
e. 
click “stop”  (upper right)
f.
before leaving this section click the “Autoscale”, double mountain
icon, 
single mountain icon and note the effects they have on your tracing.  
Note the display time change as you click the double and single 
mountain icons.
g.  
type “hyperventilation” in the marks box and click the ENTER key on the keyboard

h.
click “record” 
i.  
tell the subject to start breathing very deeply (hyperventilate) for 15 seconds.  
j.  
the subject should continue breathing normally after the hyperventilation 
period and after about 30 seconds, click Stop
5.  
Save the data:


a.  
use the scroll bar below the data window to review all of the data
b.  
from the File menu, choose Save As

b.  
name the file “your name” and save it to the desktop
6.  
Analyze the data (Heart Rate and Amplitude)

a.
To measure heart rate select a waveform near the end of the 30 seconds of 


recording.

b.
Select the double cursor icon.
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c.  
Move the mouse to place the pointer on one cursor, click the 



mouse, holding down the button, and drag it to the peak of a wave, 



then release the button. You can nudge (move) the cursor with arrow 


keys for fine adjustments.
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d.  
Repeat with the second cursor by dragging it to the peak of the 



next wave and obtain the value for T2-T1 in the top right corner of 



the screen, left the record button.  This is the time interval 




between the two points selected.


e.  
Calculate heart rate with the following formula:




Heart  Rate(beats/minute) 
=  60 ÷ duration of cardiac cycle1







 


Place the data for the resting heart rate and hyperventilation heart rate in 


the appropriate tables.

f.
To measure amplitude select a waveform near the end of the 30 seconds of 

recording.

g.
Select the double cursor icon.


h.
Select a cursor with the mouse by holding down the button, and drag it to 


the peak of a wave, then release the button

1(time it takes for heart to complete one beat)  


i.  
Then drag the second cursor to the next trough and read the value 



in volts in the pulse channel under the record button art the top 



right of the screen; this represents the amount or amplitude of 



contraction.  You can nudge (move) the cursor with arrow keys for 


fine adjustments.
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j.  
record this value in Amplitude Data Table


k.  
repeat steps a. through j. for hyperventilation HR and Amplitude
Heart Rate Data Table
	
	T2 – T1
	Heart Rate

	Resting
	
	

	Hyperventilation
	
	







Amplitude  Data Table
	
	V2 – V1

	Resting
	

	Hyperventilation
	


7.  
Print your data

a.  
scroll to the “resting” mark and print (it will print the screen).
b.  
scroll to the “hyperventilation” mark and print.
c.  
add the name of the subject and turn in the recordings with your report.
Activity 2:  Control  vs. Experimental Groups

A.
In this experiment you will study the relationship between two variables, one of 
which will be heart rate.  Everyone in the class will serve as both a control and a 
test subject.  In order to test the hypothesis we will collect data from the class and 
analyze them statistically. 
B.  

Select exercise vs. non-exercise as two characteristics or features that you believe 
might be related to each other in some way.  These are discrete variables with two 
categories.  Everyone in the class will determine their resting (normal) and 
exercising heart rate using the labscribe equipment.
C.

For exercise have each subject go up and down one flight of Pinnacle stairway 
steps 5 times.  Subjects who cannot or should not exercise are excused from 
this part of the lab exercise.  If a student cannot to the exercise, their data 
cannot be used in the statistical analysis, however they should still use the Iworx 
system to obtain their heart rate for the normal data table.
C.
Decide on a hypothesis and identify your dependent and your independent 
variables.

D.  
Collect and record your data using the iworx equipment. Record your data in Data 
Table 1. 
E.
Obtain the class information for resting (normal) and exercising heart rate.   Perform the statistical analysis using the chart in the lab report.

 Use this information to do the  statistical analysis as directed  in this lab exercise
n    = 
number of individuals in each group

xi   = 
an individual value (heart rate/minute)

∑   =
the sum of this group of values (sum of column)
x    =
the mean (average) of the group of values
s2    =
the variance (how far a set of numbers are spread out from each other); divide 


the sum of column 4 by (n-1)

SD  =
the standard deviation; is the square root of the variance   ( s2
SE =
the standard error of the group; = SD/√n          

1.  
Collect  control and experimental heart rates and enter them in the xi 


column (column 2)

2.  
Sum the xi columns

3. 
 Calculate the means for the xi columns

4. 
 Round off the mean you get to a whole number before proceeding.



These calculations become impossible if you don’t round off the mean to a 

whole 
number before proceeding.  If the decimal is less than .5, just drop 


it.  If the decimal is greater than 0.5, 
drop the decimal and add 1 to the 


whole number.  If the decimal is exactly 0.5, add 1 to the whole number 


only if it is an odd number.


5.  
Calculate the deviation from the mean for each value and enter it in 


column 3

6.  
Square each deviation from the mean for each value and enter it in column 

4

7. 
 Use column 4 to calculate the variance of the group, s2

8.  
Use the variance to calculate the standard deviation for each group

9.  
Use the standard deviation to calculate the standard error for each group.

10.  
Graph the mean and standard errors for the control and experimental 


groups 
with pulse rate on the vertical (“y”) axis and a column each for 


your control and experimental sets on the horizontal (“x”) axis. First enter 


a dot for the mean pulse rates in each group above each column label, then 

prepare error bars by drawing a vertical line through the mean that extends 

both above and below the mean by the value of the standard error.  Use 


Excel to make your graphs.  Paste the graph below.


11.  
We will not do a thorough statistical evaluation of our data.  Instead, we 


can get a general idea of whether the differences between the control and 


experimental groups are statistically 
significant by looking at the error 


bars on the graph.  If the error bars of the two groups overlap, then 



the means of the two groups are probably not significantly different.  If 


they don’t overlap, then the means probably are significantly different 


from each other.  

12.  
Use this information to decide whether or not to accept or reject your 


hypothesis.  

Scientific and Analytical Methods

Bio 2305  Lab Data Sheet

Data Table 1   Control vs. Experimental Groups

	Control Group
	Experimental Group

	1
	2
	3
	4
	1
	2
	3
	4

	
	xi
	x - xi
	(x –xi)2
	
	xi
	x - xi
	(x –xi)2

	1
	
	
	
	1
	
	
	

	2
	
	
	
	2
	
	
	

	3
	
	
	
	3
	
	
	

	4
	
	
	
	4
	
	
	

	5
	
	
	
	5
	
	
	

	6
	
	
	
	6
	
	
	

	7
	
	
	
	7
	
	
	

	8
	
	
	
	8
	
	
	

	9
	
	
	
	9
	
	
	

	10
	
	
	
	10
	
	
	

	11
	
	
	
	11
	
	
	

	12
	
	
	
	12
	
	
	

	13
	
	
	
	13
	
	
	

	14
	
	
	
	14
	
	
	

	15
	
	
	
	15
	
	
	

	16
	
	
	
	16
	
	
	

	17
	
	
	
	17
	
	
	

	18
	
	
	
	18
	
	
	

	19
	
	
	
	19
	
	
	

	20
	
	
	
	20
	
	
	

	21
	
	
	
	21
	
	
	

	22
	
	
	
	22
	
	
	

	23
	
	
	
	23
	
	
	

	24
	
	
	
	24
	
	
	

	
	

	∑ (sum)
	
	XXXX
	
	∑
	
	XXXX
	

	x (mean)
	
	x
	

	s2 = sum (x –xi)2/n-1
	    
	s2
	

	SD (( s2)
	
	SD
	

	SE( SD/(n)
	
	SE
	


Activity 2:  Control vs. Experimental Groups

1.
What is your hypothesis?

2.
What is your dependent variable (be as specific as you can)?

3.
What is your independent variable (be as specific as you can)?

4.
Did you accept or reject your hypothesis.  Write your conclusion below:
5.
What was the standard error?
6.
Don’t forget to paste your graph in the space indicated previously.
7.
Using words describe or define variance.
Activity 1 - LabScribe Basics 
What does T2 – T1 represent and how was it used in this lab exercise?

What does V2 – V1 represent and how was it used in this lab exercise?

 What does the double mountain icon do?  Be specific.

How do you know whether your results in this exercise are significant?

Your recordings should be placed after this page! 
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