Bio 111 Lab 1                                                         Dr. K. Brilakis
       Part A: The Scientific Method
       Part B: Metric Measurements   

Part A: The Scientific Method:
              How to Present Scientific Findings in Five Easy Steps     
A presentation of scientific findings, either written in the form of a journal article or presented in poster form at a symposium, is intended to allow the reader to determine the fitness of your data and logic as well as to permit reproducibility. Reproducibility is the cornerstone of all scientific research. Without it, data is open to suspicion and the threat of being dismissed as inaccurate or worse, intentionally fudged.

Presentations should be complete but not wordy, clearly outlining your experiment, your data and your interpretation(s) of this data. The reader should have a clear idea of your motives and what you predict should occur.

To start, state your reasons for performing the experiment. What are you looking for or hoping to prove. Be specific. This first step is called your:       STATEMENT OF PURPOSE. 

Next, present what you predicted would happen, using all of the information on the topic that you knew or had researched prior to your experiment. This prediction is called your HYPOTHESIS.

If you have data or background information that is relevant to the formation of your hypothesis, and you think that it will assist the reader in understanding your position and the purpose of you experiment, include it briefly or refer to it in a bibliography.

      In the third step, you describe in precise detail (remember that you are planning on others following instructions to be precise) the experiment, including all items used, regardless how insignificant they might seem. List them in advance of your instructions to give your reader a clear idea of what and how much of an item/a solution etc. was used. Then, explain the procedure. Again, be very careful to be accurate and precise. Did you mix for 60 seconds or 30 seconds? What was the room temperature? You would be surprised what a difference it might make to alter some procedures even slightly. Ask yourself if you could reproduce your experiment using only the materials and the directions you provided the reader? This portion of your presentation is called MATERIALS and METHODS


     After your experiment has been explained, include ALL of the data you recorded. Including some but not all data is called selective reporting and can lead to accusations of falsification. Data can be presented in a variety of ways, but your priority is to make it easy to interpret...use graphs, charts or tables if appropriate. Data is included in the fourth section, called DATA / RESULTS.


     With the data in place, you can regard your hypothesis and determine if it was supported by your results. Explain how the data supports or contradicts your hypothesis. If your hypothesis is supported, explain why. If your hypothesis is not supported, suggest why and offer alternative experiments or modifications to your experiment that might prove improve the experiment. Or explain how your data proves something that was not expected. That is the great thing about science…you have not wasted your time when you collect data that does not support your hypothesis, you just supported a different idea. Your last section is your
DISCUSSION/ CONCLUSION
                                               
Never change your hypothesis to accommodate your data. A much more interesting (and honest) approach would be to suggest why the hypothesis was refuted and come up with additional experiments to expand your pool of data.


     During the entire experimental process, be very aware of ALL variables. A VARIABLE is any changing factor in your experiment. 
There are two experimental variables:

1. The INDEPENDENT VARIABLE is the only factor that you are purposefully changing. 

2. The DEPENDENT VARIABLE should change in response to the independent variable. This is what you will measure.

Experiments should only have ONE independent variable and usually have one dependent variable. 

Extraneous variables are factors which, if not held constant, can interfere with the design and results of the experiment. Extraneous variables can be eliminated as a threat to your experimental design through the use of CONTROLS. 

For example...if you were determining the effect of sunlight exposure on plants, you would vary sunlight exposure on several groups of plants (your independent variable) and then measure growth (your dependent variable). But you would CONTROL all other variables such as soil type, water type and amount, plant species, etc. These variables would remain constant or be eliminated. Controls can also be used as a comparison standard for your experimental group.


Part B: 
Metric Measurements

 The metric system uses the power of ten to measure weight, distance, temperature and volume. It’s waaaay easier than trying to figure out how many teaspoons are in a quart! All science is accomplished using metric measurements. In our Bio 111 lab, we will simply work in metric. You will not be responsible for converting from the empirical system to metric.  

Length
Units of length are measured in meters or parts of a meter.
                  1 meter (m) contains 100 centimeters (cm) and 1000 millimeters (mm) 
                  sooo, 1 centimeter = 1/100th of a meter or 1 x 10 –2 meters
                           1 millimeter = 1/1000th of a meter or 1 x 10 –3 meters
                           1 millimeter = 1/10th of a centimeter or 1 x 10 –1 centimeters. 

Measure the dimensions of an index card given. Write your answers in millimeters (mm), centimeters (cm) and meters (m). 
        Length of card _________mm   ___________cm ___________m
        Width of card  _________mm ____________cm ___________m

Weight
Units of weight are grams (g) and milligrams (mg)

        one gram contains1000mg , so 1 mg equals 1/1000th of a gram or 1 x 10 –3  g 

Complete the following conversions:  
a.   How many milligrams (mg) are in one-gram (g)?   __________ mg 
b.   How many grams (g) are in one kilogram (kg)?     __________ g 
c.   How many milligrams (mg) are in one kilogram (kg)   __________ mg 

Using a digital scale: 
It is always a good idea to use weigh paper or a weigh boat to hold the substance that you are weighing.  This keeps the scale dry and protected. 
 
Place weigh paper or a weigh boat on the scale and press the “zero” or “tare” button.  This will cause the scale to ignore the weight of the paper/boat.  Place your substance on the weigh paper/boat.  The weight will be given to you in grams.  Weigh the three objects at your station and express their mass in milligrams, grams and kilograms.   
 
   a.   Object #1 = ___________ mg     ___________ g        ___________ kg 
   b.   Object #2 = ___________ mg    ___________ g         ___________ kg
   c.   Object #3 = __________ mg       ___________ g          _________kg      


Volume
Units of volume are measured in milliliters which is the equivalent of multiplying                                                                                                      

         height (cm) by width (cm) by length (cm) = cm x cm x cm = cm 3   = ml = cc

         one liter (l) contains 1000 ml, so 1 ml equals 1/1000th of a liter or 1 x 10 –3  

We will use flasks, beakers, graduated cylinders and pipettes. 
Every measuring device has a precise degree of accuracy depending on the numbered and unnumbered tick marks. The last decimal place is always the estimated figure i.e. the number between 1 and 9 that is estimated between the unnumbered tick marks.  

Look at the real examples of these pieces of glassware in the lab. Which do you think would measure the most accurate volume?

You will be using graduated cylinders often in the lab. Observe each of the graduated cylinders listed below and determine the value of the smallest subdivision (tick mark).  What quantity does each unnumbered line represent?
10 ml size  ________   50 mL size  __________   100 mL size  __________ 
500 mL size  __________      1000 mL size  __________ 
 
Which size-graduated cylinder would be used to measure the following volumes most accurately?
5.6 mL  _______   405 mL _______   83  mL _______  780 mL _______ 
 
In the lab, pipettes are often used for measurement of small volumes.  On each of the following pipettes, determine the value of the smallest subdivisions. 
1 mL  _______    5 mL  ________    10 mL  _______    25 mL  __________ 
 
Notice what happens to the liquid in a graduated cylinder and pipette.  The water sticks to the side of the vessel forming a “U” shape called a meniscus at the top of the liquid.  For an accurate reading always read at the bottom of the meniscus.  
Examine the graduated cylinders and pipettes in the lab that contain water.  Determine the volume of water contained in each one.  
A.  ___________     B____________  C._____________   D___________  E ___________ 










Measuring with micropipettes
This semester, during our molecular biology experiments, we’ll be using teensy 
volumes of DNA, enzymes, and other substances. To measure tiny volumes, we use a micropipette. Unlike regular pipettes, these devices measure a preset volume (within the range of volumes indicated on the side of the micropipette). Liquid is not drawn up into the micropipette itself but into a disposable plastic tip that fits onto the end of a pipette devise. These devises come in different sizes and use different tips:
the 2-20 µL (p20) pipettes use white or yellow tips
the 20-200 µL (p200; yellow button) pipettes use the yellow tips
the 100-1000 µL (blue button) use the blue tips.

The volume range etched on the side of the micropipette indicates the minimum and maximum volumes that the pipette can measure. I’ll demonstrate how to use the micropipettes, and then you will practice using them before you begin using them in your molecular biology experiments. 
Using the following materials:
Micropipettes (various sizes) 
spot plate
pipette tips
scale
plastic weigh boat
50 ml beaker of tap water

Visualizing differences in microliters 
1. The volume to be measured (on the appropriate pipette) is set by gently turning the knob on the top of the micropipette. Do not adjust the volume beyond the numbers marked on the side of the pipette, or damage to the pipette will occur. 
2. To draw-up liquid using the micropipette, depress the button to the first stop, place the tip in the liquid to be measured, and slowly release the button. It is extremely important that you not allow the button to spring back quickly (mechanical damage may occur to the pipette and/or you may pull liquid into the barrel).  
3. To dispense the measured liquid, push the button to the first stop, after a brief delay (~1 sec) depress to the second stop to empty the remaining liquid from the tip (touch the side of the container to draw out any remaining liquid). 
4. Use the appropriate micropipette to measure 15 µL, 75 µL, and 500 µL colored water to each of three wells on a spot plate. Notice the difference in the amount of liquid in each well. 

I’ll check that you are using the micropipette properly. 






Then, to measure accuracy using a micropipette:
1. Place a plastic weigh boat onto the scale and turn the scale on. 
   “tare” or “zero” the scale so that it reads 0.0 g with the weigh boat on top.

2. Since 1 mL of water has a mass of 1 g, what would be the mass of the following volumes of water?
a.    10ml ________g
b.   2.5 ml _______g
c.    1ml _________g
d.   .1ml  ________g
  
 
a. Set a p1000 micropipette to 1000 µL (1|0|0). Pipette 1000 µL (1 mL) at a time into your weigh boat 10 total times (1000 µL x 10 = 10,000 µL = 10 ml). 
What does your scale read now?
Does this number match your expected mass above?

b. Set your p1000 micropipette to 500 µL (0|5|0). 
Pipette 500 µL (0.5 mL) at a time into your weigh boat 5 total times.
What does your scale read now? 
Does this measured mass match your expected mass above? 

c. Set a p200 micropipette to 200 µL (2|0|0). 
Pipette 200 µL at a time into your weigh boat 5 total times.
What does your scale read now? 
Does it match your expected mass above? 

d. Set a p20 micropipette to 20 µL (2|0|0).
Pipette 20 µL at a time into your weigh boat 5 total times.
What does your scale read now? 
Does it match your expected mass above?

 If any of your measured masses don’t match your expected mass, the most common reason is pushing past the first “stop” when drawing liquid into the pipet. Call me over and I’ll help. 
 





Temperature
Temperature is measured in degrees Centigrade/ Celsius      

                        Degrees C = 5/9ths (degrees Farenheight -  32)

                               Your body temp is 98.6 F  =  37 degrees C

                                       (zero is freezing, 10 is not, 20 is warm, 30 is hot…)

What is Scientific Notation?
Scientific notation is a system that permits numbers to be easily compared. There should always be only one whole number to the left of the decimal point. 
To ensure your numbers are in scientific notation, move the decimal point either left or right until there’s only ONE whole number to the left of the decimal…for example:
For a number larger than 9.x  such as: 
 5467.0 =  5.467  x  10 +3     Move the decimal to the LEFT, use 10 + 
For a number smaller than 1.0 such as 
.0089 =  8.9  x  10  -3        Move the decimal to the RIGHT, use  10 -


We’ll do some on the board up front.

Conversions WITHIN the metric system
When converting one metric unit to a different one (ex. ml to liters), there are several ways to “do the math”.  

      Can you devise a system that works for you?

    Ex.:  345ml = ? liters
 Visualize…If 1000 ml = 1liter, than 345 ml is about a third of a liter (.3 ish) liters. 
                                               345 ml = .345 liters

Always record your answer in scientific notation (one number to the left of the decimal) and label the number    .345 liters = 3.45 x 10  -1   liters 


Here’s some practice conversions…

.05 ml = _________ l      .00067 l = ________ ml     798.cm = ________ mm

34.5 mg = _________  g    2.054 m = ________ cm  .0092 g = ________  mg     

Let’s also get these on the board so we can all agree…
