Stuyvesant High School                                                 Department of Biology & Geo-Science


Nedwidek Revised LABORATORY EXERCISE  #2 Due 9/30/13

Measurements, the Metric System, and Statistical Significance of data sets

Name______________________________________   Section____________    Teacher_Dr. Nedwidek_    Date___________

INTRODUCTION: Tools for Measurement Lab

This lab was modified from Troy High School. Labs Online. With additional information from web searches as cited.
Introduction

During laboratory investigations, you are often required to make measurements of length, mass, and volume.  You need to know the proper pieces of equipment to select and the appropriate procedures and units to use.  

Length Measurement

Typically a metric ruler is used to determine the length of an object.  To measure length, use either centimeters (cm) or millimeters (mm).  You should know how to convert millimeters to centimeters and vice versa.  

The metric ruler we are working with is calibrated – or scaled – in centimeters.  The lines indicated by numbers 1, 2, 3 and so on each represent a distance of 1 centimeter.  The smaller divisions each equal 1 millimeter (10 mm = 1 cm).  

Volume Measurement   A graduated cylinder is often used to measure a liquid’s volumes, or the space it occupies.  Liters and milliliters are typically used to indicate volume in the metric system.  Graduated cylinders are calibrated in milliliters (mL).  

Water and many other fluids form a meniscus (curving surface) when placed in the narrow tube of a graduated cylinder.  To correctly read the volume of the liquid, place the cylinder on a flat surface.  Then read from the bottom of the curved meniscus at eye level.  
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The graduated cylinder at the left is divided into increments of 2 mL, so the volume in it is 12 mL.    The graduated cylinder on the right is divided into increments of 1 mL, so the volume in it is 16 mL.

Mass Measurement

In the biology laboratory, mass – the quantity of matter in something – is often measured with a balance, which is a tool that works by comparing (by counter-weighting) an object of unknown mass with an object of known mass.  The triple-beam balance or an electronic balance is typically found in a high school laboratory.  A triple-beam balance has a single pan and three bars (beams) that are calibrated in grams.  One bar, the 500-gram beam, is divided into five 100-gram units.  Another beam is divided into 10 units of 10-gram totaling 100 grams.  The front beam is divided into 10 major units of 1 gram each.  Each of these units is further divided into 0.1-gram units.

Before using a balance, make sure that the pan is empty and that the pointer and all of the riders (devices that are moved along the beams) are on zero.  To determine the mass of an object, it is first placed on the pan.  Then, starting with the 500-gram beam, the masses on the beams are adjusted until the pointer is again pointing to zero.  The mass of the object is the sum of the readings on the three beams.  
	Using the Triple Beam Balance

	[image: image1.jpg]



	The picture at the upper left shows two different models of triple beam balances commonly used in the biology laboratory.  

The picture at the lower left shows the measurement of a mass in progress. Without estimation, the mass of the object appears to be 373.3g.
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*An electronic balance measures mass automatically.  To use an electronic balance, first turn it on and wait until it shows a zero mass.  Place the object with the unknown mass on the pan, and then read the mass. 

STUDENT OBJECTIVES

1. Become familiar with experimental data collection and analysis.

2. Review conversions using the metric system.
PRE-LAB QUESTION(S)

1. Define mean, mode, median and range in summary section.

2. Identify the independent and dependent variables for the following experiment under your graph.


Sam Sleepresearcher hypothesizes that people who are allowed to sleep for only four hours will score significantly lower than people who are allowed to sleep for eight hours on a cognitive skills test. He brings sixteen participants into his sleep lab and randomly assigns them to one of two groups. In one group he has participants sleep for eight hours and in the other group he has them sleep for four. The next morning he administers the SCAT (Sam's Cognitive Ability Test) to all participants. (from: http://web.mst.edu/~psyworld/texample.htm) (Scores on the SCAT range from 1-9 with high scores representing better performance).

	SCAT scores

	8 hours sleep group (X)
	5
	7
	5
	3
	5
	3
	3
	9

	4 hours sleep group (Y)
	8
	1
	4
	6
	6
	4
	1
	2


 

	x
	(x-Mx)2
	y
	(y - My)2

	5
	0
	8
	16

	7
	4
	1
	9

	5
	0
	4
	0

	3
	4
	6
	4

	5
	0
	6
	4

	3
	4
	4
	0

	3
	4
	1
	9

	9
	16
	2
	4

	Sx=40
	S(x-Mx)2=32
	Sy=32
	S(y-My)2=46

	Mx=5
	
	My=4
	

	 
	
	 
	


*(according to the t sig/probability table with df = 14, t must be at least 2.145 to reach p < .05, so this difference is not statistically significant)

Interpretation: Sam's hypothesis was not confirmed. He did not find a significant difference between those who slept for four hours versus those who slept for eight hours on cognitive test performance.

3. Attach to your lab report a graph for the data in the chart above, excluding statistical calculations shown in chart 2.

BACKGROUND ON STATISTICS: http://www.alleydog.com/glossary/definition.php?term=T-Test#ixzz2fsB48P4a
T-Test: The t-test is a statistical test that is used to determine if there is a significant difference between the mean or average scores of two groups. The t-test essentially does two things:

First, it determines if the means are sufficiently different from each other to say that they belong to two distinct groups. This is done by getting the average score of each group, and then getting the difference of the two means. 

Let's say you want to compare two different methods in teaching vocabulary to see which one is more effective. You will get two groups of students and then use one method (Method 1) to teach Group A, and then another method (Method 2) to teach Group B the same set of words. Afterwards, you give both groups a 100-item vocabulary test, and then get the average of each group. If Group A scored an average of 90 points and Group B got an average score of 80 points, the difference between the two scores would be 10 points.

Second, the T-Test also takes into account the variability in scores of the two groups. This is called the standard error, which simply answers the question: "how far is each score from the group mean?" If scores do not deviate far from the mean, the standard error will be low, which is what you want. But if there is a lot of fluctuation in the scores, you will get a high standard error.

The difference between means, with the standard error taken into account, will give a T-Value. The T-Value is the basis for determining if the 10-point difference is enough for you to conclude that Method 1 is more effective in teaching vocabulary than Method 2, or if that result is something that could have happened by chance.

Read more: http://www.alleydog.com/glossary/definition.php?term=T-Test#ixzz2fsB48P4a
MATERIALS
Meter sticks, balances, weigh boats and grains.

PROCEDURE
I.  You have been asked to help a researcher determine if 9th or 11th grade boys are taller than 9th or 11th grade girls. What is your hypothesis?

 Work in groups of four to measure the height of every individual in the group. Record and enter the data on the class data spreadsheet.

Analysis: 

a. Chart the data. Calculate the mean for both your gender group and the other gender, determine a mode (if there is one) and median.

b. Display the data for both groups on the same set of axes. Plot # of individuals on the Y axis and height range on the X axis.

Are the groups different? A statistical tool called the T-test can be used to compare the means of two groups using the variation within each group.  Using the T-test function on the Excel spreadsheet, determine the T value. Determine the degrees of freedom  (number of degrees of freedom = (n1 + n2)-2), where n is the sum of persons in a group being compared.  Compare the calculated T-value from Excel to the tabulated T-values you were provided for your degree of freedom.

Propose a hypothesis:_____________________________________________________

Generate a NULL HYPOTHESIS:____________________________________________

P value for class data (see excel sheet under data pile): _________________________

Degrees of Freedom ____________________

Level of significance_____p<0.05_______

II.   Distance and conversions: 

  

1. Measure the length of the lab table and record the measurement. ________m 

  

2. Change this measurement to ________cm; to __________mm. 

  

3. Measure the width of the lab table and record the measurement. ________m 

  

4. Change this measurement to ________cm; to__________mm. 

  

5. Measure the width of the room in meters. ________ m Change this to kilometers _________Km 
III.   Mass

Effect of sample size on experimental results

a. Tare (zero) your weigh boat on one of the balances.

b. Count out 10 grains and mass them.

c. Calculate the mean mass of the ten grains.

Item massed ________  Mass of 10 items _________
Average Mass of 10 items ________

d. Count out 100 grains and mass them.

e. Calculate the mean mass of the 100 grains.

Item massed _________  Mass of 100 items ________    Average Mass of 100 items ________

SUMMARY

Answer all summary questions in the space provided. Be sure to answer in full sentences.  These answers are to be written in pen.
Summary Questions:

1. Define mean, mode, median and range below.

2. What are some advantages and disadvantages of using the metric system?

3. Why is it important for all scientists to use a standard system of measurements?

4. What are some potential sources of error when making measurements?
5. Based on the class data, can you make any conclusions about the relationship between height and a person’s gender?

6. The density of pure water is equal to 1 g/ml.  What is the mass of 40 ml of pure water?
7. Would you expect the mass of 40 ml of vegetable oil to be more or less than the mass of the water? Explain your answer based on assumed density.  You do not need the formula for the oil to do this.
8. Does a steep curve on a line graph indicate a rapid or a slow rate of change? Why? 

9. You are conducting an experiment to measure the gain in mass of a young mouse over a ten-week period. In constructing a line graph to represent your data, which variable should you place along the x-axis and which variable should you place along the y-axis? Explain your answer.
10. Under what circumstances might you graph multiple lines on the same line graph? What would be the advantage of doing so?

Closing Declaration: At the close of this lab report, I can attest to having done it by my own hand.  If I received help from peers or from tutors in doing it, this was purely to understand the material, and I did not knowingly transfer information from or to other sources (my peers or otherwise) in the process of doing this work.

Student Signature: _____________________________
Date: ______________
Lab Completed_____________  (  Teacher signature 

PAGE  
Regents Living Environment                                  3                                      Laboratory Manual


