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BIOL 151 -- INTRODUCTORY ZOOLOGY

Spring 2013, Minot State University

Laboratory #1: Measurement error and statistics

In the sciences, the common theme is testing rejectable hypotheses.  To be able to test a hypothesis, one must be able to collect data that objectively quantify (“to count up”) the principle under investigation.  The data collection process must be accurate (i.e., taking measurements that are close to the actual value) and precise (taking measurements that have repeatability) to have validity.
To be blunt, being accurate is far less important than being precise.  Interestingly, the most important idea concerning precision is not that one is precise at all, but that there is a way to determine how much precision (or lack thereof [= error]) one has.  This is a cornerstone of using statistics in order to test hypotheses.  The one intellectual exercise that scientists do far better than anyone else to determine the degree of error in their measurement.

The purpose of this lab exercise is to (a) learn proper use of some the basic tools we must use in the lab, and (b) begin your appreciation for the importance of data collection (METHODS) and data summary (RESULTS).


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

USING BEAKERS AND GRADUATED CYLINDERS
We use beakers and graduated cylinders to add/remove samples of fluids that fairly large, i.e., 10 ml or greater. 
The liter, millimeter, and microliter are the most common volumetric measurement units used in Biology.  They convert among one another according to these values:



1 liter (= l) = 1000 ml



1 ml = 1000 microliters (= l) 




and so



1 l = 1,000,000 l
A. The Beaker
Most times, teachers and other folks just use beakers to put stuff in and look “sciency.”  But they can be used as effective tools for measuring amounts of stuff.
The exercise

(You will place all your data in the “Tables” in the RESULTS section below).  Place the 250 beaker on the electronic balance and ‘tare’ it (i.e., set the balance to zero).
Pour 100 ml of distilled water from a large flask into this tared beaker on the electronic balance.  Record this reading in Table 1.  
(We will learn pieces of the process of preparing a proper lab notebook as we proceed this semester.  For now, just use the space that I provide on the following pages to record your data.)

Pour the water from the beaker back into the flask.

Now repeat this exercise 7 more times (each time recording the reading).  You should have eight measurements of the mass of eight samples of 100 ml of water.  (How much do you expect 100 ml of water to weigh?  Use this as a basis for evaluating accuracy.)

Using the statistics supplement to this lab, calculate the average (what scientist call the “mean”) for your first 4 readings.  Then calculate the mean for all 8 readings.  Report these in the appropriate space in Table 1.
In addition to reporting the means, also calculate a “standard deviation” (or “SD”) for each set of readings (i.e., one SD for the first 4 readings and one SD for all 8 readings).  A SD is an estimator of how far from the mean we expect a typical value to fall; thus a SD gives an estimator of precision (a small SD means greater precision than a larger SD).  Again, use the statistic supplement to guide you through your calculation of the SD.  Record these in the appropriate spaces in Table 1.
Do these calculations on a separate sheet(s) of paper that you will attach to the sheets that you turn in to me when you are through.  Provide plenty of detail.

(Please calculate your means and SDs by hand.  You may do the division and square roots using a calculator.  We will use the statistics applications on calculators and computers to determine means and SDs later this semester.  Using the statistical applications on a calculator or a computer guarantees that one does not appreciate why one determines a SD or what meaning a SD carries!)

The graduated cylinder
Graduated cylinders aren’t usually used to put stuff in to look “sciency.”  They seem like they are used more often when individuals want to measure fluids precisely and/or accurately.
The exercise
Draw out 100 ml of water from the flask and weigh in a tared graduated cylinder on the electronic balance.  Record this reading in Table 2.  Pour the water back into the flask.

Now repeat this exercise 7 more times.  You should have eight measurements of the mass of eight samples of 100 ml of water.  (Again, you should have some expectation of what 100 ml of water should weigh.)

Calculate the mean for your first 4 data points.  Then calculate the mean for all 8 data points.  Report these means in the appropriate spaces in Table 2.
In addition to reporting the means, you will also calculate a SD for each set of data (i.e., one SD for the first 4 data points and one SD for all 8 data points).  Report in Table 2.
--------------------------------------------------









Name __________________

RESULTS – Below the tables, please provide full written responses and commentary that addresses the following questions.
Before addressing these questions, draw a bar graph (below these tables) that uses the means and SDs that you have calculated.  Try to place these 8 statistics on a single bar graph so that you have a visual representation that shows the meaning of these data.  I’ll help in lab if necessary.  But try looking up ‘bar graph’ first to determine what yours is likely to look like.

Address the effect of sample size on the precision of your estimate of the mean.  In other words, did increasing the sample size affect your calculation for the mean and SD?

Which instrument exhibited the greatest precision?  Can you suggest any reasons for why one instrument was worse or why the other was better?

Table 1. Raw values and descriptive statistics for mass of 1 ml water using the beaker.

      Actual data points







	1. 
	

	2. 
	Descriptive statistics

	3. 
	Use the first four data points:

	4. 
	X =                 SD = 

	5. 
	

	6. 
	

	7. 
	Use all eight data points:

	8. 
	X =                 SD =


Table 2. Raw values and descriptive statistics for mass of 1 ml water using the graduated cylinder.

      Actual data points







	1. 
	

	2. 
	Descriptive statistics

	3. 
	Use the first four data points:

	4. 
	X =                 SD = 

	5. 
	

	6. 
	

	7. 
	Use all eight data points:

	8. 
	X =                 SD =


