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tEACHER Notes
1.
Original LabQuest users require LabQuest App version 1.7 or newer. LabQuest 2 users require LabQuest App version 2.2 or newer. An update can be downloaded from the Vernier web site. LabQuest 2 users will use the internal GPS and Accelerometer. Original LabQuest users can choose to use the Low-g Accelerometer or omit this sensor.
2.
The software setup for this activity is rather extensive. You can either load a prepared file from the Vernier web site onto each of the LabQuests or have the students create the file themselves using the instructions provided in the student section. To load the prepared file, download it at www.vernier.com/r138. Choose either the Original LabQuest file or the LabQuest 2 file depending on your interface.
a. To put the file on LabQuest, copy the file from your computer to a USB drive. Do not try to open the file.
b. Insert the USB drive in LabQuest.

c. Select Open from the File menu. Tap the USB icon and launch the file “Tree height and DBH template”.
d. Save the file to LabQuest.

3.
We recommend that you complete Steps 1–3 in the student section before going outside. Students should rename the file so as not to change the template. Power down LabQuests in order to conserve battery power until they are needed in Step 7. 
4.
Direct instruction on the mathematical relationships involved in finding Tree Height are greatly encouraged before embarking on this experiment. The following ratios apply to right triangles only. 
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e. The angle is formed at the person doing the measurement, the adjacent side is the distance to the tree, and the opposite side is the height of the tree. The distance from the tree and the angle can be directly measured and height can be determined using the following equation. 
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f. After obtaining this value, add the distance from the Goniometer to the ground to get the total height of the tree. 
5.
When working on relatively flat ground (less than 5% slope), the data collected on tree height will be accurate, particularly when looking at the differences in height between trees and their relationship to DBH, as you do in this lab. If the ground is significantly sloped, the tree heights will be inaccurate. To compensate for this, two angle measurements of the tree are taken; one from level to the top of the tree and one from level to the bottom of the tree. Then the two heights are added together to get the total height of the tree. If your terrain is sloped and you would like to do this step, simply have two measurements for each tree and have students add them together. You will need to collect the class data in another way and manually enter it into a Logger Pro file.
6.
A diameter tape converts the circumference of a tree directly to a diameter without calculations. Many forestry suppliers sell diameter tapes that do this. Prior to going in the field, students can make a diameter tape on the back side of a flexible measuring tape such as one you may find at a furniture store.

a. Tape two meter long tapes together. This is necessary if trees are more that 12 inches in diameter. When measuring very large trees, several meters of tape may be needed. 

b. Make marks on the back side of the tape π inches apart. Label each a diameter inch. The equation for relating diameter and circumference is: 
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π inches of circumference is equal to 1 inch of diameter. Therefore, a tape with markings every π inches will convert circumference into diameter.
g. Cover the paper tape with transparent tape on both sides to make it water repellent and more durable.

7.
The use of U.S. Customary units in this lab rather than SI units is intentional. In the U.S., most forest products are measured using U.S. Customary units including board foot, cord and tree volume based on these units. These measurements can also be done using SI units, however instruments such as diameter logger tapes often do not have metric measurements.
8.
On the original LabQuest, each time the file for this experiment is opened, the units for trigonometric calculations reverts to radians by default. Choose Settings from the File menu and select Degrees as the Angle Unit for Trigonometric Calculations. This is not necessary on LabQuest 2.
Data Aggregation in Logger Pro
1.
In order to have enough data to do a correlation coefficient, several groups of students will need to combine data and do a linear fit on the data. In order to do this, the data can be transferred from LabQuests to Logger Pro.

h. Open a new file in Logger Pro
i. Connect the LabQuest with no sensors attached to the computer via the mini USB cable.
j. You may get the following dialog, “Remote data has been detected. Would you like to retrieve data now?” Select No.
k. Select LabQuest Browser from the File menu and choose Import.

l. Choose the file to import.
m. Repeat this procedure with all files on all LabQuest units, putting each file in to the same Logger Pro file.
n. Choose Setting for <File Name> from the File menu and select Degrees as Angle Unit for Trigonometric Calculations. This setting will be saved and restored with the file. 
2.
At this point all the data will exist in one file, but each group’s data will be a different Data Set or “Run”. To analyze the data, you will need to combine the DBH and Height data into a single Data Set.

o. Double-click in the Table on Run 1and change the name to the group name. Repeat this for each run. (You may need to grab the edge of the data table and make it larger to see all the data.)
p. Select New Calculated Column from the Data menu.
q. Under Labels and Units, Enter the name (Class Height), short name (CH), and units (ft).

r. Under Destination, select the first group’s name from the Data Set menu. Select Add to All Similar Data Sets to uncheck the box.

s. Under Expression, select Functions, then choose analysis ►analysis. Select Variables (Columns), choose Height. Enter the starting row number and ending row number, separated by commas, (Height,startRow,endRow). Example: (Height,1,3). The 1 and 3 indicate three rows of data, representing three trees. Select Done.
t. The Calculated Column will display all the height data in a single column within the first data set.
u. Repeat Steps b–f, but name the column (Class DBH), short name (C DBH), and units (in) in Step c. Choose DBH for the variable in Step e.

3.
Save the file and distribute to students electronically. Methods of distribution include transferring the file via USB thumb drive or SD card, emailing the file, or posting the file on the school’s network or a web site. 
EQUIPMENT TIPS

If using metal tape measures, ensure that students hold both ends the entire time. Letting go of the end of a metal tape measure can injure the student holding the other end by cutting them. Fabric tape measures similar to those used in track and field are usually available at hardware stores and are often cheaper than metal Logger Tapes.
HAZARD ALERTS

Be aware of the natural hazards that may be at any field site and be sure you are aware of poisonous organisms in your area. Poison oak or ivy, toxic plants and fungi, and poisonous or dangerous animals are things to consider when choosing a field site.
ANSWERS TO THE DATA ANALYSIS QUESTIONS

1.
Answers will vary based on the site. Most studies will have the same tree species, a constant location, temperature, and time of day. It is important to keep as many of the potential limiting factors constant in the environment. It is also impossible to do so, so acknowledging what can and cannot be constant are important to the final analysis.
2.
Diameter at breast height and height of the tree are being compared to see if height can predict DBH and vice versa.
3.
The correlation coefficient is used to determine if there is a correlation. The standard deviation could also be used.
4.
If the correlation coefficient is negative, report a negative correlation. If correlation coefficient is positive, report a positive correlation. Generally, there will be no correlation. In some environments, where there are few limiting factors and the stand age is consistent, there may be a positive correlation. Managed timber is more likely to show a postive correlation because tree spacing, tree age, nutrient content, and pests are controlled. Natural forests, especially old growth, will show little if any correlation due to various limiting factors.
5.
In statistical terms, this depends on the sample size. For advanced students, you can have them conduct a t-test to determine the significance of the correlation. Generally, a weak positive or negative correlation may be seen. Students should describe the distribution of the data to defend their answer in most cases. 
6.
Answers will vary by tree type. Water availability, light availability, nutrient availability, pest infestation, soil type, and tree density are the most common reasons.
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