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	Hypothesis
	1. Hypothesis is stated in “if..then..” format.  
2. The measurement techniques are clearly connected with the question. 

3. The reasoning is clearly explained.
	1. Hypothesis is stated in “if..then..” format.  

2. The measurement techniques are clearly connected with the question. 

3. The explanation of the reasoning is unclear.
	1. Hypothesis is stated in “if..then..” format.  

2. The connection between the measurement techniques and the question are unclear. 
3. The reasoning is unclear.
	1. Hypothesis does not use the “if..then..” format
2. There is no connection between the question and the measurements made.
3. Reasoning is not explained.

	Graphing
	1. A bar graph is shown with labeled axes.  

2. The measurement is shown on the y axis and the x axis is labeled with selected and control.  

3.Measurements are shown in cm or mm and the values are rounded. 

4. The scale selected clearly shows the differences (or lack thereof) in the measurements.  
	1. A bar graph is shown with labeled axes.  

2. The measurement is shown on the y axis and the x axis is labeled with selected and control.  

3.Measurements are shown in cm or mm and the values are rounded. 

4. The scale selected clearly shows the differences (or lack thereof) in the measurements.  
	1. A bar graph is shown but axes are not labeled.  

2. The axes are reversed. 

3. Measurements are shown in cm or mm but the values are not rounded. 

4. The scale selected yields a misleading representation of the data.  
	1. Graph type is incorrect and unlabelled.
2. Axes are reversed.

3. Measurements are not shown in metric

4. The scale is misleading or missing.

	Presentation
	1. Every person in the group speaks clearly and shows an in depth understanding of the results. 
2. The results shown by the graph are clearly explained.
3. Members of the group are able to respond to questions.
	1. Some people in the group show in depth understanding of the results. 

2. The results shown by the graph are clearly explained.
3. Members of the group are able to respond to some questions.
	1. Group members are unclear in their understanding of the results. 

2. The results shown by the graph are explained.
3. Members of the group are unable to respond to questions.
	1. There is no evidence that group members have any understanding of the results.
2. There is no explanation of the results obtained.

3. Group members are unable to respond to questions.

	Conclusion
	1. All elements of the conclusion are included.
2. Reference is made to the data shown in the graph to support the conclusion.
3. Sources of error are clearly and completely explained and extend beyond human error.

4. Further analyses are suggested, referring both to those listed in Part A of the lab handout and others that are not listed.
	1. All elements of the conclusion are included.

2. Reference is made to the data shown in the graph to support the conclusion

3. Sources of error are lacking in depth.

4. Further analyses are suggested, referring to those listed in Part A of the lab handout.
	1. Most elements of the conclusion are included.

2. Reference is made to the data shown in the graph to support the conclusion but the explanation is unclear.
3. Sources of error are restricted to human error.

4. There are no suggestions for further analyses.
	1. Most elements of the conclusion are missing.
2. No reference is made to the data and the conclusion is not explained.
3. No reference is made to sources of error.

4. There are no suggestions for further analyses.


Using Image J to Measure Femur Length
For Teachers
For more info on Image J directions refer to: rsbweb.nih.gov/ij/docs/pdfs/ImageJ.pdf
1. File – open: Select image

2. Select line tool on the tool bar

3. Draw line on the ruler that is 10mm long(1 cm)

4. Analyze – set scale

5. Enter 10 in “Known scale” and mm in “Unit of length”.  You can choose to display in cm also and set the number of decimals of accuracy.

6. Click “Global” This will apply the scale measurement to each picture that you measure thereafter.  NB: The accuracy is in jeopardy here.  Each picture is slightly different in magnification, so if you are really going to be picky you should repeat the scale set for each photograph and not check the “global” option.  However, this is cumbersome for middle-schoolers and slows down the process considerably.

7. Draw a line at the dimension which will be measured.  The scale bar will display the measurement as well as the angle of the line.  This will disappear when you click the end point of the line.

8. Analyze-measure: A data table will appear with the first measurement

9. File – open next : The next image to be measured appears

10. Draw a new line on the same landmarks.

11. Analyze – measure: The next length will be displayed on the data table.  

12. Finding averages and graphing the data.  


At any time, you can calculate average, max, min and Standard Deviation of the 
data by selecting Analyze – summarize.  The information will be displayed below 
your last measurement.  You may continue to collect data after this point, but the 
information will not appear in the excel spreadsheet after you save the data in 
Step 13.

13. On the Results window: Click on File –Save as..  The file is saved as an excel spreadsheet.  

14. Here, you can manipulate the data by calculating averages and also produce graphs.

YouTube links for videos of runners:

slide #9 (What would you expect to be true about the legs of a good runner?) in the PowerPoint Artificial_Selection_Lab_Image_J_version_4.ppt
http://www.youtube.com/watch?v=pWyrOuH-x7k&feature=related
cats running in wheel

http://www.youtube.com/watch?v=OcD1_jvhc_g
Galloping Horse in Super Slow Motion
http://www.youtube.com/watch?v=T8-gcXkNTAE
Tyrannosaurus rex running short clip

http://www.youtube.com/watch?v=pgkWhcapWLU
Adolescent Kenyan Running Barefoot - Slow Motion
http://www.youtube.com/watch?v=aASjtC-l_i8
3D human skeleton running
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